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INTRODUCTION. 


Science  first  shed  her  genial  beams  in  the  cheerful 
climes  of  the  East ; there,  to  use  a homely  phrase, 
her  cradle  was  first  rocked,  and  the  curiosity  of  men 
was  first  awakened  by  the  changes  incessantly 
passing  around  them  ; but  experience  soon  proved 
the  constancy  and  regularity  of  this  varied  specta- 
cle; and  the  vast  movements  of  this  stupendous 
and  magnificent  universe  were  all  found  to  consist 
merely  in  a repetition  of  similar  and  uniform 
events. 

Tho  unfettered  genius  investigated  physical  facts 
by  observation  and  experiment;  observation  ex- 
amined the  phenomena  w hich  arose  in  the  course  of 
nature ; experiment,  more  artificial  in  its  selection 
and  combination  of  circumstances,  searched  minutely 
after  the  different  results  of  those  phenomena. 

But  there  arose,  through  the  ignorance  and  fears 
of  mankind,  a priesthood  that  inculcated  the  adora- 
tion of  numborlcss  divinities,  and,  proscribing  the 
range  of  observation,  broke  in  pieces  the  implements 
with  which  experiment  had  been  exploring  the 
secrets  of  nature.  Hence  the  wise  men  of  antiquity 
concealed  their  notions  of  science  under  the  veil  of 
allegory.  This  w as  the  natural  result  of  knowledge 
passing  from  the  lips  of  unshackled  genius  to  those  of 
a gloomy  priesthood,  who  employed  it  merely  as  an 
engine  of  power,  and  thus  consigned  the  discoveries 
of  happier  times  to  the  silence  of  despotism,  and  the 
cheerless  tomb  of  superstition. 

The  two  great  streams  of  knowledge  were  thus 
soon  separated  widely  apart, — and  they  continued  to 
flow  through  very  opposite  channels.  That  which 
had  pure  intellection  for  its  object,  and  which  con- 
fined itself  to  morals  and  ethics,  soon  became  foul 
and  disagreeable,  as,  enveloped  in  the  fog  of  super- 
stition, it  traversed  the  filthy  soil  of  despotism ; — the 


other,  which  moved  through  the  region  of  physical 
science,  preserved  its  purity  and  salubrity.  Hence, 
while  the  miserable  sophisms  and  arcana  of  intellec- 
tual philosophy,  among  tho  ancients,  have  remained 
the  same  for  3000  years ; their  geometry,  and  some 
branches  of  physical  science,  have,  in  modern  times, 
been  carried  to  a sublime  elevation. 

From  the  East,  science  travelled  slowly  into  the 
early  civilised  nations  and  states  of  Europe.  Greece 
first  gleaned  instruction  in  the  scats  of  Asiatic 
renown,  and,  as  the  tutor  of  European  society,  she 
will  be  immortalized  as  having  conferred  eternal 
benefits  on  the  human  race. 

Thales,  after  many  years  spent  in  foreign  travel, 
transplanted  into  Greece  the  scienco  of  the  Egyptian 
priests;  and  his  successors,  Anaximandek  and 
Anaximenes,  pretended  to  explain  the  origin  and 
formation  of  all  things,  and  taught,  that  every  sub- 
stance whatever  was  composed  of  four  distinct  ele- 
ments— earth,  water,  air,  and  fire. 

It  was  a mere  speculation,  flattering  to  human 
vanity,  that  contemplated  the  stars  consisting  of 
fire,  and  the  vital  spark  as  a portion  of  its  divine 
essence.  Though  we  smile  at  these  fantastic  notions, 
they  were  as  firmly  believed  in  former  ages  by  the 
learned  as  by  the  common  people. 

Anaxagoras,  under  the  priests  of  Egypt  and  the 
Magi  of  Persia,  acquired  both  elegance  and  learning. 

Pythagoras,  endowed  by  nature's  choicest  gifts, 
after  thirty  years’  study  in  the  East,  settled  in  Italy, 
and  strenuously  urged  the  study  of  mathematics, 
especially  those  concerned  about  number  and  pro- 
portion. This  love  of  numerical  relations  led  him  to 
cultivate  music  both  as  an  art  and  a science,  and 
he  even  transferred  his  ideas  of  this  science  to  the 
harmony  of  the  celestial  motions.  This  was  no 
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error  of  Pythagoras ; he  could  only  teach  the  people 
in  the  temples  and  other  public  places,  and  to  them 
he  imparted  the  true  system  of  the  universe,  under 
that  noble  allegory  of  Apollo  playing  on  his  lyre. 
To  his  chosen  disciples  those  recondite  principles  of 
astronomical  science  were  taught  with  mathematical 
precision;  but  both  master  and  pupils  affected  to 
believe,  that  those  bodies,  while  they  revolved  round 
the  sun  as  the  common  centre  of  the  universe,  per- 
formed a most  harmonious  concert,  though  such 
ravishing  and  heavenly  sounds  were  lost  to  the  gross 
ears  of  mortals,  and  drowned  amidst  the  jaring 
elements  on  earth. 

Empedoclbs,  the  Sicilian,  and  successor  of 
Pythagoras,  conceived  the  doctrine  of  atomic  attrac- 
tion and  repulsion.  Xenophanes  distinguished 
himself  as  the  prince  of  geologists,  by  teaching  that 
the  fossil  shells  and  marine  exuvia:,  discovered  in 
the  bowels  of  the  earth,  and  on  the  tops  of  the 
highest  mountains,  had,  at  some  remote  period,  been 
formed  under  the  waters  of  the  ocean.  Leucippus, 
of  the  same  school,  added  the  doctrine  of  a separate 
plenum,  and  anticipated  the  influence  of  centrifugal 
force.  DEMOcniTUS,  after  visiting  the  East,  and 
consulting  the  Magi  of  Hindostan,  rectified  many  of 
the  prevailing  errors  in  physics.  He  shewed,  that 
the  existence  of  a plenum  was  incompatible  with 
local  motion  ; he  rejected  the  levity  attributed  to 
the  air  and  fire,  and  maintained  that  the  weight  of 
bodies  is  always  proportioned  to  their  mass  or 
quantity  of  matter,  and  that  they  would  hence  fall  in 
vacuo  with  equal  swiftness.  Of  light  and  heat  he 
entertained  correct  general  views ; and  all  his  tenets 
are  expounded  by  Lucretius. 

Socrates,  next  in  order,  diffused  among  the 
Athenian  youth  a more  solid  system  of  education, 
by  commending  only  that  philosophy  which  is 
grounded  on  fact  and  experiment.  The  unmeasured 
contempt  which  the  sage  poured  on  hypocrisy  and 
pretension,  roused  the  jealousy  and  rage  of  his  ene- 
mies; and  the  venerable  man  fell  a martyr  to  the 
cause  of  truth,  his  love  of  virtue,  and  his  devotion 
to  wisdom. 

Plato,  shocked  at  the  murder  of  his  revered 
master,  withdrew  from  the  polluted  city;  and  after 
visiting  the  Pythagoreans  at  Tarcntum,  and  learning 
the  whole  system  of  the  Italic  school,  next  placed 
himself  under  the  tuition  of  Tiieodorus,  the  emi- 
nent mathematician  of  Cyrenc,  in  Libya.  On  his 
return  to  Greece,  he  purchased  the  grove  of  Acade- 
inus,  in  the  neighbourhood  of  Athens,  and  the  youth 
of  Greece  flocked  from  all  parts  to  study  the  beauti- 
ful method  of  geometrical  analysis,  which  extended 
the  boundaries  of  science,  and  led  to  the  discovery  of 


conic  sections, — a doctrine  which,  in  more  recent 
times,  taught  Galileo  the  laws  of  motion,  and 
Kepi.br  the  true  orbits  of  the  planets. 

Stagira,  a small  town  on  the  confines  of  Thrace 
and  Macedon,  gave  birth  to  Aristotle  380  years 
before  the  age  of  Augustas.  The  authority  of  the 
•Stagiran  long  maintained  a despotic  sway  in  the 
schools.  Aristotle  was  tntor  to  Alexander  the  Great, 
and  no  philosopher  has  taken  a wider  rango  of 
disquisition,  none  ever  discovered  a greater  sound- 
ness of  judgment,  or  more  precision  of  thought.  Ho 
was  the  founder  of  comparative  anatomy,  and  the 
divisions  ho  introduced  are  still  the  best  that  could 
be  made.  His  meteorology  sparkles  with  fine  re- 
marks and  just  conclusions.  His  physics  contain 
interesting  doctrines,  mixed  up  with  idle  and  extra- 
vagant speculations.  But  the  mind  of  Aristotle 
was  drawn  aside  by  the  love  of  subtlety,  and  the 
illusion  of  general  hypothesis,  from  the  strict  investi- 
gation of  facts. 

In  the  museum  of  Alexandria  in  Egypt,  Ptolemy, 
to  whose  lot  this  country  fell  on  the  prematnre  death 
of  Alexander,  established  men  of  science,  and  pro- 
vided them  with  books  and  instruments  for  the  prose- 
cution of  their  studies.  The  munificence  of  bis 
successors  aggrandized  the  institution  by  a vast 
library  and  royal  observatory,  which  for  900  years 
conferred  incalculable  benefits  on  mankind.  There, 
Eucliu  digested  the  elements  of  geometry,  which 
remain  to  our  times:  there,  Apollonius,  Pappus, 
Dioclks,  and  Nicombdes,  extended  the  conic  sec- 
tions, and  improved  geometrical  analysis ; and  there, 
too,  Diophantus  flourished. 

Navigation  extended  the  knowledge  of  mankind 
respecting  the  surface  of  tho  globe  ; and  the  Grecian 
colony  at  Marseilles  had  the  merit  of  fitting  out  the 
first  voyage  of  discovery,  though  Phoenicians  were, 
without  doubt,  the  earliest  navigators  that  passed 
the  pillars  of  Hercules.  Eutiiymbnbs  crossed  the 
equator,  Pythias  discovered  the  remote  ThuI6  ; he 
noticed  the  phenomena  of  the  tides,  and  determined 
the  obliquity  of  the  ecliptic  at  33°  -18'.  But  our 
reverence  for  the  knowledge  of  Pythias  is  modified 
by  the  fact,  that  700  years  before  the  age  of  Julius 
Ctesar,  the  Babylonians  recorded  eclipses  of  the 
moon, an  event  in  science  that  is  marked  by  Hippar- 
chus and  Ptolemy.  And  the  Indians,  from  whom 
Pythagoras  derived  his  knowledge,  have  two  princi- 
pal epochs,  one  about  3000,  and  the  other  1500  years 
before  the  Christian  aera.  Hipparchus  flourished 
140  years  before  our  rcra ; aud  was  contemporary 
with  Ptolemy  the  geographer. 

In  the  circle  of  mechanical  science  we  are  com- 
pelled, by  the  nature  ol  our  Introduction,  to  range. 
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and  must,  therefore,  notice  next  in  order  of  time  and 
genius,  the  illustrious  Archimedes,  of  Syracuse  in 
Sicily,  who  gave  unlimited  extent  to  the  rotation  of 
numbers,  and  founded  the  method  of  indivisibles, 
which  led  to  the  finest  discoveries  in  geometry.  In 
mechanics  and  hydrostatics  he  had  no  rival : he 
pointed  out  the  centre  of  gravity,  and  determined  its 
position  in  a number  of  figures  ; he  unfolded  the  pro- 
perties of  floating  bodies,  and  thus  became  the  father 
of  naval  architecture.  The  vast  engines  which  he 
constructed  for  the  defence  of  the  city  of  Syracuso, 
enabled  his  countrymen  for  three  years  to  resist  the 
overwhelming  force  of  the  Romans. 

Of  the  Alexandrian  school  many  philosophers 
applied  themselves  to  mechanics,  as  CTBSEBius,who 
improved  the  clepsydra,  invented  the  pump,  and  con- 
structed an  engine  for  discharging  arrows  by  means 
of  condensed  air ; and  Hiero  not  only  constructed  the 
crane,  but  invented  machines  which  acted  from  the 
variable  elasticity  of  included  air,  as  affected  by 
heat  and  cold  ; a principle  which  afterwards  led 
Galileo  and  Sanctorio  to  the  construction  of  thermo- 
meters, and  the  Marquis  of  Worcester  to  the  con- 
trivance of  the  steam-engine. 

We  look  with  measured  contempt  upon  the  Ro- 
mans as  regards  science,  whether  in  a theoretical  or  a 
practical  point  of  view.  Their  studies  and  learning 
were  altogether  to  form  statesmen  or  orators.  They 
invented  nothing  ; the  lever,  the  pulley,  the  crane, 
the  capstan,  and  other  simple  machines,  were  em- 
ployed by  the  ancient  architects  a thousand  years 
before  Rome  had  existence.  The  catapult®  and 
ballistic,  those  compound  mechanical  engines  of  the 
Romans,  exhibit  amazing  knowledge  of  machinery  ; 
but  these  or  similar  engines  were  common  to  the 
Greeks  also;  and  we  know  that  for  ages  the  people 
of  Italy  ground  their  corn  in  hand-mills,  with  a fixed 
and  moveable  millstone.  The  art  of  naval  architec- 
ture they  learned  from  the  Carthaginians ; and  in  the 
destruction  and  annihilation  of  their  once  flourishing 
empire,  they  have  amply  shewn  how  completely 
destitute  they  were  of  those  great  and  noble  quali- 
fications which  distinguished  their  tutors  the  Greeks. 

The  Arabians,  who  studied  geometry  and  astro- 
nomy, botany  and  chemistry,  stored  the  palaces 
and  libraries  of  their  caliphs  with  the  science  of  the 
Greeks,  which  they  translated  into  their  own  lan- 
guage. About  the  tenth  century  of  our  (era,  the  use 
of  the  ten  digits  in  arithmetic  was  introduced  by  the 
Arabians  into  Spain.  As  chemists,  the  followers  of 
the  Prophet  brewed  and  distilled,  and  even  the  very 
names  of  our  chemical  vessels  are  Arabic  ; but  of 
brewing  and  distillation,  we  know  not  that  either  the 
Greeks  or  the  Romans  knew  any  thing. 


From  the  beginning  of  Constantinople,  which  rose 
like  the  work  of  a fairy  genius,  till  the  period  when 
the  Arabians  spread  the  elements  of  science  over 
Europe,  the  wrecks  of  knowledge  lay  buried  in  the 
convents  ; mental  darkness  brooded  over  the  fairest 
lands  of  Christendom,  and  the  more  active  spirits 
wasted  their  energies  in  brutal  sports  and  savage 
depredations. 

The  Crusades  opened  the  gates  of  refinement, 
and  from  the  twelfth  to  the  fourteenth  century  the 
chains  of  feudal  tyranny  were  gradually  broken ; 
the  middle  class  of  men,  that  great  bulwark  of  every 
free  state,  insensibly  rose  ; and  with  the  renovation 
of  the  human  intellect,  even  in  the  benighted  period 
of  the  middle  ages,  paper  was  manufactured 
from  linen  rags — the  eyes  of  the  aged  were  assisted 
by  the  invention  of  spectacles  about  the  year  1285— 
and  the  construction  of  the  mariner's  compass  having 
been  made  about  the  close  of  the  thirteenth  century, 
at  Amalphia  near  Genoa,  gave  a prodigious  impulse 
to  navigation  and  commercial  speculation.  Swartz, 
a German  monk,  in  1382,  extended  the  empire  of 
man  over  nature,  by  the  invention  of  gunpowder. 
About  the  beginning  of  the  fifteenth  century,  the  in- 
genuity and  perseverance  of  Guttenberg  and  Schcef- 
fer,  encouraged  by  the  wealth  of  Faust,  a rich  bur- 
gess of  Mentz,  conferred  upon  mankind  the  art  of 
Printing,  the  greatest  benefit  ever  bequeathed  on 
the  human  species,  except  that  of  speech  or  writing. 
In  thirty  years  after  its  first  discovery,  the  art  of 
Printing  was  carried  to  a pitch  which  has  never  been 
surpassed. 

SciioHPPBR,  the  oldest  engraver  also  on  wood,  exe- 
cuted in  1491  a series  of  figures  of  plants  and  ani- 
mals on  wooden  blocks.  The  clergy  were  now  anx- 
ious to  promote  learning,  as  the  only  means  of 
enriching  themselves,  and  schools  were  accordingly 
opened  in  the  convents  and  monasteries  for  the  edu- 
cation of  youth.  In  process  of  time,  papal  bulls 
elevated  these  schools  to  universities ; and  an  ap- 
prenticeship of  seven  years,  copied  afterwards  in  the 
mechanical  trades,  completed  the  course  of  education, 
and  made  the  students  masters  of  Aristotle's  tenets, 

Copbrnicus  restored  the  true  system  of  the 
world;  Purbach  and  Muller  abridged  astrono- 
mical calculations  ; Ubaldi  and  STKVINt'8  extend- 
ed the  principles  of  mechanics  and  hydrostatics  ; 
Galileo  discovered  the  laws  of  motion  ; Kbplek 
and  Tvctto  Braiib  were  men  of  the  first  order  of 
genius  as  astronomers.  And  Napier  immortalized 
his  name  by  the  sublime  discovery  of  logarithms. 

Tho  alchyinists,  though  extravagant  in  their  pre- 
tensions, promoted  experimental  science,  and  the 
various  societies  that  were  established  over  Italy 


Digitized  b 


,y  Google 


fv 


INTRODUCTION. 


under  this  name,  set  on  example  that  was  followed 
all  over  Europe.  Dr.  Gilbert,  in  England,  treated  of 
magnetism  ; Sn  bllius  discovered  the  laws  of  inci- 
dence and  refraction,  which  I)ks  Cartes  simplified 
in  the  explication  of  other  properties  of  light,  and 
the  brilliant  phenomena  of  the  rainbow.  The  appli- 
cation of  algebra  to  geometry  by  the  same  skilful 
hand  effected  a memorable  revolution  in  mathemati- 
cal science. 

Torricelli's  invention  of  the  barometer,  Gub- 
ricke's  construction  of  the  air-pump,  the  nume- 
rous mechanical  inventions  of  Dr.  Hooke,  and 
Huygens,  have  enriched  the  stores  ofhuman  know- 
ledge, and  added  many  valuable  and  profitable  desi- 
derata to  the  circle  of  domestic  comforts  and  scien- 
tific pursuits. 

The  penetration  of  Newton,  that  ranged  through 
the  immensity  of  celestial  space,  could  define  the 
figure  of  the  earth,  and  calculate  the  tides  of  the 
ocean;  and  he  commanded  geometry  to  preside 
over  the  properties  of  water,  the  motion  of  currents, 
the  propagation  of  sound  ; and  the  sagacity  of  that 
genius,  which  has  never  been  excelled,  disclosed 
still  greater  wonders  in  its  fine  researches  in  optics, 
when  it 

“ Untwisted  nil  the  shining  robe  of  day/ 

Maclaurin  died  in  his  prime,  but  Cotes,  Brad- 
ley, and  the  Marquis  of  Worcester,  have  left 
behind  them  names  that  arc  imperishable. 

Without  ransacking  the  biography  of  the  continent 
for  such  names  as  Bernouili.i,  Euler,  D’Alem- 
bert, Clairault,  Lagrange,  Prony,  Coulomb, 
La  place,  Pi  azzi.Olbkrs,  Harding,  M alus,  G a l- 
vani,  Orest ed,  Berzelius,  we  may  confine  our 
notice  to  Britain,  whcreCA  yen  dish,  Atwood,  Emer- 
son, Sm  baton,  Davy,  Sir  Wm.  Hersciibl,  Jas. 
Watt,  Playfair,  and  Lrslir,  of  Edinburgh,  and 
Dn.  Olinthus  Gregory,  of  Woolwich,  have  con- 
tributed largely  to  the  advancement  of  mechanical 
philosophy,  and  the  application  of  mechanical 
power. 

On  the  progress  of  mechanical  science  in  the 
abridgment  ofhuman  labour,  by  the  diversified  appli- 


cation of  steam  and  machinery  in  our  manufactures 
and  arts,  it  may  be  naturally  expected  that  some- 
thing should  be  said. 

There  can  be  no  doubt,  that  these  mighty  auxilia- 
ries have  enabled  Great  Britain  to  compete  with 
foreign  nations  in  all  the  markets  of  the  world ; bnt 
whether  the  power,  wealth,  and  stability  of  our  coun- 
try bnve  been  essentially  promoted  by  the  acquisi- 
tion, may  appear  somewhat  problematical.  Unhap- 
pily, the  diminution  of  manual  labour,  which  en- 
riches the  merchant,  tends  to  impoverish  the  working 
classes,  and,  by  contracting  the  field  in  which 
industry  might  display  its  energies,  to  foster  indo- 
lence and  vice,  which  cannot  but  entail  misery  on 
future  generations.  Time,  however,  may  find  new 
sources  of  employment  for  productive  labour,  and 
posterity  may  look  back  on  this  age  of  machinery,  as 
we  look  on  the  era  when  the  invention  of  printing 
deprived  thousands  of  scribes  of  their  daily  bread. 
But  on  this  important  and  deeply  interesting  ques- 
tion, it  is  not  the  province  of  the  author  to  decide. 

In  the  compilation  here  presented  to  the  reader, 
facts,  not  theories,  demand  his  attention.  The  selec- 
tions have  been  made  from  the  most  authentic 
sources  of  information  to  which  the  author  could 
have  access.  These  being  arranged  in  alphabetical 
order,  no  difficulty  can  occur  when  any  particular 
article  is  wanted  for  examination  ; and  he  flatters 
himself,  that  by  the  distribution  of  the  plates,  all 
confusion  will  be  prevented,  when  references  aro 
required  for  the  elucidation  of  any  given  subject. 

In  taking  leave  of  his  reader,  he  lias  not  the  vanity 
to  think  that  his  work  can  triumph  in  the  omission  of 
all  error.  From  anomalies  and  defects  no  volume 
of  this  magnitude  was,  perhaps,  ever  wholly  free. 
For  these  he  has  no  apology  to  offer,  and  he  only 
solicits  from  the  considerate  and  candid  reader,  the 
same  degree  of  liberality  and  forbearance,  which, 
under  similar  circumstances,  he  would  wish  to 
enjoy. 

A.  J. 

Wykb  Hovie,  June  1827. 
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Aback,  » Se*  term,  indicates  the  situation  of  the  sails  of  a 
vessel,  when  the  surfaces  arc  flattened  against  her  masts  by 
the  wind.  The  sails  may  be  taken  aback,  either  by  ft  sudden 
change  of  wind,  or  the  alteration  of  the  ship's  coarse.  They 
art  laid  aback  to  give  the  ship  stern-way,  in  order  to  avoid  some 
danger  ahead.  To  aback  sails,  the  men  slacken  the  lee  braces 
and  haul  the  weather  ones  ; the  wind  then  blowing  upon  their 
front  surface,  drives  the  ship  astern,  unless  she  is  restrained  bv 
some  counteracting  force,  ns  when  she  rides  at  anchor,  and 
then  only  the  mizzen-top  sail  is  abackttl. 

ABACUS,  a small  table  covered  with  sand,  on  which  the 
ancient  mathematicians  drew  their  diagrams,  in  the  same  way 
as  children  are  taught  to  write  in  our  Lancastcrian  and  Bell 
schools. 

Abaci's,  in  Architecture,  the  superior  part  or  member 
of  the  capital  of  a column,  serving  as  a crown  to  both.  The 
Abacus  originally  represented  a square  tile  laid  over  the  mouth 
of  an  urn  or  basket.  The  form  of  the  Abacus  is  the  same  in 
all  the  orders.  See  Archi  iecture. 

Abaci's,  the  name  also  of  an  ancient  instrument  for  faci- 
litating the  operations  of  arithmetic.  This  instrument  is  made 
by  fixing  a number  of  parallel  chords  or  wires,  at  the  distance 


of  two  diameters  of  one  of  the  counters  used  in  the  calculation 
as  represented  in  the  engraving.  A counter  placed  on  tho 
lowest  chord  signifies  I;  on  the  second,  10;  on  the  third, 
100;  on  the  fourth,  1000,  Stc.  In  the  intermediate  parallels, 
the  counters  arc  valued  at  one  half  the  value  of  the  chord 
immediately  above;  thus,  between  the  1st  and  2d  chord,  a 
secondary  chord  may  be  fixed,  and  on  it  the  value  of  the 
counter  for  5;  between  the  2d  and  3d  chords  50,  and  so  on. 
In  the  diagram  before  us,  where  the  numbers  1824  and  1823  arc 
represented  in  two  compnrtments,  the  first  is  regularly  units, 
tens,  hundreds,  thousands.  1824  ; in  the  second  we  read  1000, 
500,  300,  20,  3 ; which,  added  together,  is  1823. 

Mechanical  Arithmetic. 


Fig.  I. 

Thousands. . 

Hundreds.  __c 
Tens.  |_ 
Units,  i— 


The  Year  of  the  Christian  Era. 

^ | ^ j Thousands. 

Hundreds. 
Tens. 
Units. 


1824.  1823 


Fig.  2.  Finances  of  Great  Britnin  for  1823—1824. 


• •• 

Millions. 

Ten  sTbou  sands 
Thousands. 
Hundreds. 
Tens. 

Units. 

Income. 

£57.0/2,999. 

Expenditure. 

£50.902,014. 

Imports. 

£36,751,008. 

Exports. 

£62.198,277. 

Colonial 

Merchandise 

Exported. 

Thus:  - 50.000,000 
7,000,000 

Here  the  upper  line  reads  in  the  Income  000,000 

compartment,  for  instance,  50,000,000;  tho  70.000 

next  line,  7.00,000;  the  third,  000,000;  the  2.000 

fourth,  70,000:  the  fifth,  2.000:  the  sixth,  900 

900;  the  seventh,  90;  and  the  eighth,  0:  90 

9 


And  in  the  same  manner  all  the  other  compailtncnts 
of  the  Abacus  are  used. 


£ 57.672,999 


II 
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A i vet's,  a tabic  of  numbers  ready  east  up,  and  used  by 
the  moderns,  to  expedite  the  operations  of  arithmetic. 

The  (irecian  Abacus  was  an  oblong  frame,  over  which  several 
wires  or  threads  were  stretched,  strung  with  ivory  balls,  like 
the  beads  of  a necklace;  by  the  various  distributions  of  which, 
all  the  operations  of  addition,  subtraction,  multiplication,  and 
division,  were  mechanically  performed. 

The  Unman  ABtcus  differed  from  the  above,  by  having  pins 
sliding  in  grooves,  instead  of  strings  or  w ires,  and  beads. 

The  Chinese  Abacus  corresponds  with  the  Grecian. 

The  Abacus  Pythpgnricut,  is  the  common  multiplication 
table:  the  Abaci's  Logistic**,  or  canon  of  sexagesimals,  is  a 
rrclanglcd  triangle,  whose  sides  forming  the  right  angle,  con- 
tain the  numbers  from  I to  GO;  and  its  area  the  result  of  each 
two  of  the  numbers  perpendicularly  opposite.  The  Abacus 
Harmonic**  of  Kirchcr.  denotes  the  structure  and  disposition 
of  the  keys  of  a musical  instrument.  And  the  Abacus  Major 
in  mctallurgic  operations,  is  the  name  of  a trough  used  in  the 
mines  for  washing  ore. 

ADAPT,  a Sea  term,  the  hinder  part  of  a ship ; towards  the 
stern. 

ABAISSED.  in  Heraldry,  applied  to  the  wings  of  eagles, 
kc.  when  the  lips  droop  to  the  point  of  the  shield  ; or  when  the 
wings  arc  shut,  the  natural  way  of  bearing  them  being  volant, 
or  extended.  . 

AB  ALIENATION,  in  Law,  tbc  act  of  transferring  one  man’s 
properly  to  another. 

ABAPTISTON,  in  Surgery,  the  perforating  part  of  the  ire- 
pan  instrument. 

AB  ARTICULATION,  in  Anatomy,  a species  of  articulation 
admitting  of  manifest  motion  ; called  also  Dearticufatis,  to 
distinguish  it  from  that  articulation  which  admits  of  very 
obscure  motion,  and  is  called  Synarthrosis. 

ADAS,  a Persian  weight  for  weighing  pearls  ; one-eighth 
less  than  our  carat. 

ABATAMENTUM,  in  Law,  an  entry  to  lands  by  interposi- 
tion: i.  e.  when  a person  dies,  seized,  and  another  who  has  no 
right,  enters  before  the  heir. 

ABATE,  in  Horsemanship,  the  performing  of  any  downward 
motion  properly,  as  in  curvets,  when  both  the  hind  legs  touch 
the  ground  at  one  and  the  same  moment. 

To  Abate,  a Law  term  : — thus,  to  abate  a castle,  is  to  pull  it 
down  ; to  abate  a writ,  is  to  defeat  or  overthrow  it,  A stranger 
abates,  i.e.  enters  upon  possession,  of  house  or  land,  void  hy 
the  death  of  him  that  possessed  it,  before  the  heir  takes  posses- 
sion, and  so  keeps  him  out.  The  writ  of  the  defendant  shall 
abate,  i.e.  be  overthrown.  The  appeal  abaltlh  by  covin,  i.e. 
the  accusation  is  defeated  by  deceit. 

ABATELMBNT,  in  Commerce,  a prohibition  of  trade  to  all 
French  merchants  trading  to  the  Levant,  who  will  not  stand  to 
their  bargains. 

ABATEMENT, in  Heraldry,  signifies  an  accidental  figure  in 
coats  of  arms,  expressive  of  a slain,  or  dishonour. 

Abatement,  in  the  Customs,  an  allowance  made  upon  the 
duties  of  iroods  that  have  been  damaged. 

ABATIS,  in  Fortification,  an  entrenchment  made  of  felled 
frees,  the  trunks  being  planted  in  the  ground,  and  lire  branches 
Interwoven. 

ABATOR,  in  Law,  the  person  who  enters  a house  or  lands, 
on  the  death  of  the  occupier,  before  the  just  heir. 

ABB.  among  Clothiers,  signifies  the  warp  of  a web,  or  the 
yarn  used  for  warp.  They  also  say  ahh^wooJ,  in  the  same  sense. 

ABBA,  the  Syriac  and  Chaldee  name  for  Father.  In  the 
Coptic  and  Kthiopic  churches  the  bishops  are  Abba*. 

ABBE,  a Monastic  term,  an  Abbot ; latterly  in  France  the 
A bids  were  academies,  tutors,  fitc.  but  not  properly  churchmen. 

ABBESS,  the  superior  of  a convent  01  women.  Formerly 
the  Abbesses  confessed  their  nuns ; but  female  curiosity  carried  j 
them  such  lengths  in  extracting  secrets,  that  the  sex  were  t 
deprived  of  this  jurisdiction  over  their  sisters’  conscience.  St.  \ 
Basil’s  rule  allows  the  presence  of  an  Abbess  at  the  confes- 
sional of  her  nuns. 

ABBEY,  a Monastery,  or  religious  bouse,  governed  by  a 
superior,  either  male  or  female,  according  to  its  destination. 

A BBOT,  the  superior  of  a monastery  of  monks,  erected  into  ] 
an  abbey  or  priory.  There  are  various  classes  of  Abbots,  as 


mitred,  crotiered,  ecumenical,  cardinal,  regular,  and  commt nda- 
tory  Abbots. 

ABB  REV  I ATE  of  Adjudications,  in  Scotch  law,  nu  abridg- 
ment, or  abstract,  of  a decree  of  adjudication,  which  is 
recorded  in  a register  kept  for  that  purpose. 

ABBREVIATION,  or  Abbreviature,  the  contraction  of  a 
word  by  dropping  some  letters,  or  of  a passage,  by  the  omis- 
sion of  some  words:  hs,  A.  U.  C.  ab  *rbe  condita,  from  the 
Building  of  the  City  ; I.E.  id  est,  that  is  ; E.G.  exsmpla  gratia , 
for  example;  A.M.  before  noon;  P.M.  afternoon. 

Abbreviation  of  Fractions,  reducing  them  to  lower  trims. 
See  Fractions. 

ABBREV1ATOR,  tbc  Person  who  shortens  or  abridges  any 
work.  The  Abbreviatures  of  the  chancery  at  Rome  arc  72 
clerks,  who  abridge  all  petitions,  ice.  for  the  Pope’s  perusal, 
previously  to  the  said  documents  being  passed  into  bulls,  or 
ecclesiastical  mandates. 

ABBITTAI-S,  the  buttings  or  bounding*  of  land  tow  ards 
any  point,  distinguished  anciently  by  artificial  hillocks. 

AliCEOARY  Psalms,  J*c,  whose  parts  me  arranged  accord- 
ing to  the  order  of  the  letters  of  the  Hebrew  alphabet:  as. 
Psalm  2ft,  34.  1 19. 

ABDICATION,  the  action  whereby  a magistrate,  or  person 
in  office,  renounces  or  gives  up  the  same  before  the  term  of 
service  is  expired  ; and  in  this  wise  differs  from  resignation, 
which  implies  » giving  up  in  fas  our  of  some  other  person. 
Diocletian  abdicated  ; the  Emperor  Charles  V.  resigned. 

ABDUCTOR,  in  Anatomy,  the  muscle  that  withdraws, 
opens,  or  pulls  back,  the  parts  to  which  it  is  attached. 

A DELE,  the  hoary  or  white  poplar,  which  grows  very  fast, 
and  sometimes  to  the  height  of  70.  80.  and  100  feet.  It 
flourishes  well  in  a clayey  soil,  on  the  low  hanks  of  streams, 
or  on  the  margin  of  ponds;  and  the  wood,  which  is  soft  and 
white,  is  much  used  by  turucis.  Horses,  sheep,  and  goats, 
brow  se  upon  the  leaves,  but  cows  avoid  them. 

ABERRATION,  in  Astronomy,  an  apparent  motion  of  the 
celestial  bodies,  produced  by  the  progressive  motion  of  light, 
and  the  earth’s  annual  motion  in  her  orbit. 

Aberration  of  the  Planets,  is  equal  to  the  gcoccntrie 
motion  of  a planet ; the  space  it  appears  to  move,  as  seen  from 
the  earth,  during  the  passage  of  light  from  it  to  the  earth. 
Thu*,  in  the  sun  the  aberration  in  longitude  is  20"  constantly, 
that  being  the  space  moved  by  the  earth  in  8'  7"  of  time,  the 
interval  in  which  light  passes  from  the  sun  to  the  earth. 

ABETTOR,  in  Law,  one  who  encourages  another  to  the 
performance  of  some  action.  In  Scots  law.  art  and  part. 

ABEYANCE,  in  Law,  the  expectancy  of  an  estate:  hence 
we  may  say,  “ sac'  property  is  in  abeyance.** 

ABIB,  the  first  month  in  the  Jewish  year,  commencing  at 
the  vernal  equinox. 

ABIDING  bg  llVifiWr,  in  Scots  law,  compelling  a per- 
son to  abide  by  a false  deed,  ns  if  it  were  true. 

ABINTESTATE,  in  Civil  Law,  applied  to  the  prison  who 
inherit*  the  right  of  one  who  died  intestate,  or  willuuii  will. 

ABJURATION,  an  oath  disclaiming  all  allegiance  with  a 
pretender:  the  Abjuration  of  heresy,  is  the  solemn  recanta- 
tion of  any  doctrine  ns  false. 

ABLACTATION,  in  Gardening,  the  method  of  grafting  by 
approach  ; i.e.  the  sejon  of  one  tree  is  tor  some  time  joined  to 
the  stock  of  another,  and  afterwards  cut  off  aud  weaned  from 
the  parent  tree. 

ABLAQUEAT10N,  in  Gardening,  the  operation  of  exposing 
the  roots  of  trees  in  winter,  to  the  air,  ruins,  snows.  Kc. 

ABLUTION,  in  a general  sense,  washing ; in  a religious 
one,  the  purifying  of  the  body  by  w ater  before  the  performance 
of  some  act  of  devotion.  AMutions  arc  commanded  by  the 
Mosaic  law  ; enjoined  by  the  Pagan  ritual ; and  practised  hy 
the  Moslems,  agreeably  to  the  dictates  of  Mahomet.  The 
| priests  of  Egypt  used  daily  ablutions;  the  Grecians,  sprio- 
i Mings ; the  Romans,  lustrations  ; the  Jews,  washings  and  hap* 
tisms.  The  ancient  Christians  had  their  ablutions  before  rom- 
mu nion  : the  Roman  Catholic  bos  bis  before  mass,  sometimes 
after.  On  Good  Friday,  the  Syrians,  Copts,  &c,  have  solemn 
washings. 

I ABOARD,  the  inside  of  a ship  ; hence  the  phrase,  to  go  mi 
beard; — to  board , to  eater  u ship  ri  cl  ai  mis,  by  force  and  aims , 
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— to  fall  aboard,  to  encounter.  Aboard  main  tack,  the  order  to 
draw  the  main  tack;  i.r.  the  lower  corner  of  the  wain-sail 
down  to  the  chess-tree. 

ABOLITION,  in  Law,  the  repealing  of  any  statute.  2. 
Remitting  the  punishment  of  a crime.  3.  Leave  given  a cri- 
minal accuser  to  desist  from  further  prosecution  of  the  ac- 
cused. 

A BOM  ASUS,  the  fourth  stomach  of  ruminating  ani- 
mals. In  calves,  the  runuct  or  earning  is  formed  in  the  A bo- 
mas  us. 

ABOMINATION  of  Desolation,  foretold  by  Daniel,  the 
statue  of  Jupiter  Olympius,  which  Antiochus  Epiphancs 
caused  to  he  put  up  in  the  holy  temple  of  Jerusalem.  And 
the  Abomination  of  Desolation,  mentioned  by  the  Evangelists, 
signifies  the  ensigns  of  the  Romans,  when  Jerusalem  was 
besieged  by  Titos,  the  son  of  Yespasian. 

ABORIGINES,  the  primitive  inhabitants  or  a country  ; as 
the  blacks  of  Africa,  the  Indians  of  America. 

ABORTION,  the  premature  exclusion  of  a fietus.  The 
horrid  crime  of  procuring  abortion  was  prohibited  by  Solon 
and  Lycurgus  ; allowed  by  the  Romans  till  the  time  of  the 
emperors  Severns  ami  Antonine ; and  practised  by  dispensa- 
tion under  the  Roman  ecclesiastical  law  ! 

ABOUT  Skip : the  order  to  the  ship's  crew  for  tacking. 
The  situation  of  a ship  immediately  after  she  has  tacked. 

ABRAHAM ITES,  art  order  of  monks,  exterminated  by 
Thcophilus  in  the  9th  century.  Also  the  name  of  another  sect  of 
heretics,  who  had  adopted  the  errors  of  Paulus,  and  who  were 
thence  called  Paulicians. 

ABRASAX,  the  supreme  God  of  the  Basilidian  heretics  ; 
i.  e.  of  the  365  heavens,  or  365  revolutions  of  the  earth  on  its 
axis.  In  each  of  those  heavens  was  placed  an  angel  of  in- 
telligence, that  created  it,  and  each  angel  was  created  by 
lhat  immediately  above  it,  till  the  scale  reached  the  first 
Creator. 

ABRASION,  in  Medicine,  the  effect  of  sharp  corrosive  medi- 
cines in  humours,  in  wearing  nway  the  natural  mucus  lhat 
covers  the  intestines  and  stomach. 

ABRAIJM,  a red  clay  brought  from  the  Isle  of  Wight,  with 
which  cabinet-miikcrs  darken  and  polish  mahogany.  The  best 
thing  for  polishing  mahogany  is,  after  all,  linseed  oil,  aud 
regular  rubbing  with  a piece  of  flannel. 

ABREAST,  a Sea  term,  side  by  side,  or  opposite  to,  as 
when  two  ships  have  their  sides  parallel,  and  heads  equally 
advanced.  In  line  abreast,  a fleet  advances  uniformly,  equally 
distant  and  jparallcl,  the  length  of  each  ship  forming  a right 
angle  with  the  extent  of  the  squadron.  The  commander  is 
then  in  the  centre.  Abreast,  within  ship,  on  a line  with  the 
beam,  main  hatchway,  Ac.  From  this  point  we  reckon  our 
position/ore  or  aft,  as  we  stand  between  the  beam  and  the 
bows,  or  stern. 

ABRIDGMENT  the  reduction  of  any  thing  into  a smaller 
compass. 

ABROGATION,  in  Law,  the  act  of  abolishing,  by  authority 
of  the  law  maker. 

ABROMA,  in  Botany,  a stove  bark  tree,  that  grows  freely  in 
common  garden  soil,  and  may  easily  be  propagated  by  seeds 
or  cuttings. 

ABRUS,  in  Botany,  the  knobbed-rooted  wild  liquorice. 

ABSCESS,  in  Surgery,  a collection  of  poriform  matter  in  a 
part ; properly,  a cavity  containing  pus.  or  matter. 

ABSCISS,  Abscissa,  Absciss  in  Conics,  is  any  part  of  the 
diameter  or  axis  of  n curve,  comprised  between  any  fixed 
point,  where  all  the  nbscisscs  begin,  and  another  line  called 
the  ordinate,  which  is  terminated  in  the  curve.  Commonly  the 
abscisses  are  considered  as  commencing  at  the  vertex  of  the 
curve ; hut  this  is  not  necessary,  as  they  may  have  their  origin 
in  any  other  point ; but  generally,  when  no  condition  is  speci- 
fied. they  are  understood  ns  commencing  at  the  vertex.  Thus, 
if  AQ  be  any  curve,  and  A,  or  A',  or  A*, 
certain  fixed  points,  of  which,  in  tlio 
annexed  figures.  A ami  A'  are  at  the 
vertices,  but  A"  any  point  whatever  in 
the  axis ; also  PQ  any  line  perpendicu- 
lar. or  otherwise,  to  the  axis  A,  A',  and 
In  Lhc  curve;  then  is  PQ 


*- 

entitle  Aa**Or* 


an  ordinate,  and  A P,  A'  P,  A"  P, 
abscisses.  The  absciss  and  corre- 
sponding ordinate,  considered  toge- 
ther, are,  by  Geometricians,  called 
co-ordinates,  and  by  menu*  of  these 
the  equation  of  Uie  curve  is  defined. 

See  Ct'RVK. 

ABSCONSA.  a dark  lantern,  used  by  the  Mouks  in  buiying 
the  dead  at  night. 

ABSENCE,  in  Law.  non-appearance  when  cited  before  a 
court.  No  person  can  be  tried  criminally  in  absence. 

ABSINTHI ATEI),  in  Medicine,  tinged  with  wormwood.  >.x 
absinthium.  Tho  wormwood  wine  of  the  ancients,  infused  in 
draughts,  proved  beneficial  in  cases  of  indigestion,  or  debility 
of  the  stomach. 

A IIS  IS,  in  Astronomy,  the  same  with  apsis,  those  two  points 
of  a planet's  orbit,  where  it  is  at  its  greatest  and  least  distance 
from  the  sun,  Ac.  The  lino  • pra  $ % . 

connecting  these  points  is  call-  j 1 $ } 

ed  the  line  of  the  apsides.  The  J, 
apsis  at  the  greatest  distance  y; 
from  the  stm  is  called  the  aphe- 
lion, at  the  greatest  distance 
from  tho  earth,  the  apogee ; at 
the  least  distance  from  (he  sun,  the  )*erihilion ; at  the  least 
distance  from  the  earth,  the  perigee. 

ABSOLUTE  Term  or  dumber,  in  Algebra,  is  that  which  is 
completely  known,  and  to  which  all  the  other  part  of  the  equa- 
tion is  made  equal  ; thus  in  the  equation  y’+ax  —b,  the  latter 
quantity  b,  is  called  the  absolute  term,  which  in  every  equation 
is  equal  to  the  continued  pruduct  of  all  its  roots. 

ABSTRACT,  or  Pure,  MATU&HATlCfl,  Ircatof  the  properlies 
of  magnitude,  figure,  or  quantity,  absolutely  and  generally  con- 
sidered, without  restriction  to  any  species  in  particular,  such 
as  Arithmetic  and  Geometry.  It  is  thus  distinguished  from 
Mixed  Mathematics,  in  which  simple  and  abstract  quantities, 
primitively  considered  in  Pure  Mathematics,  are  applied  to 
sensible  objects,  as  in  Astronomy,  Mechanics,  Optics,  Ac. 

Abstract  Numbers,  are  assemblages  or  units,  considered 
independently  of  any  things,  that  they  might  otherwise  he 
supposed  to  represent.  For  example,  5 is  an  abstract  num- 
ber, while  it  remains  independent ; but  if  we  say  6 feet,  or 
5 miles,  it  is  no  longer  an  abstract,  but  a concrete  number. 

ABSOLUTION,  in  Civil  Law,  a sentence  pronouncing  an 
accused  person  innocent.  In  Canon  taw,  the  judicial  art 
whereby  the  priest  dcclaros  tho  sins  of  such  as  are  penitent  to 
be  remitted. 

ABSORBENT,  swallowing  up.  Absorbent  medicines  are 
testaceous  powders,  or  calcareous  earths,  as  chalk,  Ac.  which, 
taken  inwardly,  dry  up  acid  and  redundant  humours  in  the 
stomach. 

Absorbents,  or  Absorbing  Vessels,  in  Anatomy,  are  the 
lacteal,  lymphatic,  and  inhalent  arteries,  which  Imbibe  nil 
those  fluids  that  come  in  contact  with  thorn ; but  arc  themselves 
so  minute  as  to  escape  observation  in  ordinary  dissections. 

ABSTRINGBNT  Medicines,  such  as  are  used  for  resolving 
obstructions,  concretions,  Ac.  such  us  soap.  Ac. 

ABSURD,  or  ABSt'antiM.  a term  employed  in  demonstrating 
converse  propositions,  in  which  the  proposition  is  not  proved 
in  a direct  raauncr.  by  principles  before  laid  down  ; but  it 
proves  lhat  the  contrary  is  absurd,  or  impossible ; and  thus 
indirectly  demonstrates  the  trulh  of  the  proposition  itself.  The 
4th  proposition  of  the  1st  hook  of  Euclid  is  demonstrated  by  this 
method,  by  shewing,  (hat  if  the  extremities  of  two  right  lines 
coincide,  the  lines  themselves  will  coincide  in  all  their  parts, 
otherwise  they  would  enclose  a space,  which  is  absurd , Being 
contrary  to  the  10th  axiom.  Converse  propositions  arc  com- 
monly proved  in  this  way,  which  is  called  n ductio  ad  absurditm : 
but  it  is  unsatisfactory;  yet  it  would  be  difficult  to  devise  any 
system  of  geometry  in  which  such  a method  should  be  entirely 
excluded. 

ABUNDANT  Number,  in  Arithmetic,  a number,  the  sum  n| 
whoso  aliquot  parts  is  greater  than  the  number  itself:  thus, 
12  is  an  abundant  number;  for  the  sum  of  its  aliquot  parts 
1+2+3+4+6S  16,  which  is  greater  than  12.  It  is  thus  dis- 
tinguished from  a perfect  number,  which  is  equal  to  the  auui  of 
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nil  its  aliquot  pnrt>),  and  from  a deficient  number,  which  is  less 
than  the  sum  of  all  its  aliquot  parts. 

ABYSS,  somethin;;  profound,  and,  as  it  were,  bottomless, 
as  the  ocean,  hell ; but  more  properly,  the  temple  of  Proser- 
pine, on  account  of  the  vast  treasures  there  deposited. 

ABYSS,  ill  Heraldry,  the  centre  of  an  escutcheon : licnrc 
the  phrase,  “ he  bears  azure,  a flowcr-de-lis,  in  abyss;*'  i,  e.  in 
the  middle  of  the  shield,  clear  from  every  other  bearing. 

ACACIA,  in  Botany,  the  Egyptian  thorn,  one  of  the  hand- 
somest trees  that  adorn  our  pleasure-grounds.  Cuttings  strike 
in  sand,  under  a hand-glass,  in  the  bark  bed.  Of  the  flowers 
of  a species  of  the  Acacia,  the  Chinese  make  a fine  yellow 
<Jye.  The  process  is  merely  boiling  and  extraction,  with  the 
addition  of  a small  quantity  of  alum,  and  oyster  shells  calcined. 

Acacia,  in  the  Materia  Medica,  is  a mild  astringent,  useful 
in  the  spitting  of  blood ; imported  from  Egypt,  and  simply  the 
inspissated  juice  of  unripe  sloes. 

ACADEMY,  a School,  or  place  of  learning:  a collegiate 
seminary ; a riding-school,  Ac. ; a society  of  learned  men, 
established  for  the  improvement  of  the  sciences,  arts.  Ac. 

ACANTHA,  the  prickle  of  a plant,  or  spine  of  a prickly 
fin  on  n fish. 

ACANTHA  BOLUS,  in  Surgery,  an  instrument  for  pulling 
thorns  and  the  like  out  of  the  skin. 

ACANTHUS,  in  Botany,  the  plant  bear's  hrccch,  which,  ns 
a dye,  gives  a fine  yellow  ; in  Architecture,  an  ornament  repre- 
senting the  leaves  of  the  Acanthus,  and  decorating  the  capi- 
tals of  the  Corinthian  and  Composite  orders. 

ACAItAUNA,  a small  American  fish,  called,  by  our  sailors, 
aid  tri/e. 

AC  VRUS,  the  lick,  or  mile. 

ACATHARSIA,  an  impurity  of  the  blood  and  humours. 

ACAULIS,  applied  to  those  plants  whose  Rowers  are  with- 
out stalks,  and  rest  on  the  ground,  as  the  Carline  thistle. 

ACCAPITARE,  in  Law,  the  act  of  becoming  vassal  of  a lord, 
nr  of  yielding  him  homage  or  obedience  ; hence  A era  pit  um,  or 
money  paid  by  a vassal  upon  his  admission  to  n feu. 

ACCEDAS  ad  Curiam . n writ  lying  where  the  man  has  re- 
ceived, <>r  fears,  false  judgment  in  an  inferior  court. 

ACCELERATION,  in  Mechanics,  the  increase  of  velocity 
in  a moving  body.  Accelerated  motion  is  that  in  which  the 
v elocity  is  continually  increasing,  from  the  continued  action  of 
the  motive  power.  Uniformly  accelerated  motion,  is  that  in 
which  the  velocity  increases  equally  in  equal  times.  The 
increasing  velocity  w ith  which  a body  falls  to  the  earth,  is  an 
instance  of  accelerated  motion,  which  is  caused  by  the  constant 
action  of  gravity*  A cannon-ball  is  acted  on  by  a single  im- 
pulse of  the  powder,  and  the  accelerating  force  of  gravity; 
it  therefore  describes  a curve  : this  is  the  foundation  of  the 
art  of  gunnery.  A new  impression  being  made  upon  a falling 
body  at  every  instant,  by  the  continued  action  of  gravity,  and 
the  effect  of  the  former  still  remaining,  the  velocity  con- 
tinually increase*.  Suppose  a single  impulse  of  gravitation, 
in  one  instant,  to  give  a fulling  body  one  degree  of  velocity  ; if 
after  this  the  force  of  gravitation  were  suspended,  the  body 
would  continue  to  move  with  the  same  degree  of  velocity, 
without  being  accelerated  or  retarded.  But  because  the 
attraction  of  gravitation  continues,  it  produces  as  great  a velo- 
city in  the  second  instant  as  in  the  first ; which,  added  to  the 
first,  makes  the  velocity  in  the  second  instant  double  the  first. 
In  like  manner,  in  the  third  instant,  it  will  be  tripled  ; quad- 
rupled in  the  fourth  ; and  in  every  instant,  one  degree  of  velo- 
city will  be  acquired,  and  added  to  that  which  the  body  had 
before;  that  is,  the  motion  will  be  uniformly  accelerated. 

Hence,  then,  from  the  preceding  principles  and  reasoning, 
we  deduce  the  following  general  laws  of  uniformly  accelerated 
motions ; rir. 

The  velocities  acquired  are  constantly  proportional  to  tbo 
times. 

The  spaces  are  proportional  to  the  squares  of  the  times ; 
so  that  if  a body  describe  any  given  space  in  a given  time, 
it  will  describe  four  times  that  .space  in  a double  time,  nine 
times  that  space  in  a treble  time,  and  *15  on.  And  univer- 
sally. if  the  times  hr  in  arithmetical  proportion,  as  1,  2,  3,  4, 
tee.  1,  the  spaces  described  will  he  as  1.  4,  f).  Id.  &c.,  f». 
Thus  a body,  which  falls  by  gravity  through  IGA  feet  in  the  first 


serond,  will  fall  through  04J  feet  in  two  seconds,  and  so  on. 
And  since  the  velocities  acquired  in  falling  arc  os  the  t ints, 
the  spaces  will  he  ns  the  square  of  the  velocities  : and  both  iho 
times  mid  velocities  will  be  as  the  square  roots  of  the  spares. 

The  spares  described  by  a falling  body  in  a series  of  «qua! 
moments,  or  intervals  of  time,  will  be  as  the  odd  numbers,  I,  3, 
6,  ?,  0,  &c.  which  are  the  differences  of  the  squares  or  whole 
spaces ; that  is.  a body  which  falls  through  Htyj  feet  in  the  first 
second,  will  f.ilJ  through  3 x 10^  in  the  second,  6 x in 
the  third,  and  so  on. 

A CC  R MS  K A 1 0 \ of  11  adits  on  Inclined  Plnnrs.  The  same 
general  law  prevails  here  as  in  perpendicularly  falling  bo- 
dies: the  plane  merely  making  the  motion  slower;  hut  the 
inclination  being  every  where  equal,  the  retardation  arising 
therefrom  will  proceed  equally  in  all  parts  at  the  beginning 
and  the  ending  of  the  motion:  and  the  AccklekatIon  of  the 
Motion  of  Pendulums,  is  in  a less  ratio  than  that  of  bodies 
falling  perpendicularly.  The  Acceleration  of  the  Moon,  is 
her  increase  of  mean  motion,  from  the  sun,  compared  with  the 
diurnal  motion  of  the  earth:  being  about  UK'  in  loo  years. 

Acceleration  of  a Planet,  when  the  real  diurnal  motion 
exceeds  the  mean  diurnal  motion-  And  a planet  is  retarded 
when  the  mean  motion  exceeds  the  real  diurnal  motion. 
This  inequality  arises  from  the  change  in  the  distance  of  iho 
planet  from  the  son,  which  is  continually  varying;  the  planet 
moving  quicker  in  its  orbit  when  nearer  the  sun,  and  slower 
when  further  from  him. 

ACCENT,  in  Speaking,  an  inflexion  of  voice;  in  Grammar, 
a certain  mark  placed  over  a word  or  syllable. 

ACCEPTANCE,  in  Law.  agreeing  to  oilers  made  in  bar- 
gnining;  in  Commerce,  signing  one's  name,  or  making  one's 
self  debtor  for  the  sum  contained  in  a bill  of  exchange. 

ACCEPT! LATlON,  among  Civilians,  a discharge  given  by 
a creditor  to  the  debtor,  without  the  payment  of  any  value. 

ACCESSION,  in  Law,  the  property  of  the  accessory,  as 
the  calf  of  a row  becomes  the  property  of  her  ow  ner.  Acces- 
sion in  .Medicine,  the  paroxysm  of  a disease ; in  Politics,  it 
signifies  a prince’s  succeeding  to  the  throne  of  his  father  or 
predecessor. 

ACCESSORY,  something  that  accedes,  not  principal: 
guilty  by  participation,  before  or  after  the  fact. — Acctssory 
.Vow,  in  Anatomy,  arise  from  the  medulla  in  the  vertebras  of 
the  neck,  pass  through  the  skull,  and  distribute  themselves 
again  in  the  neck  and  shoulders. — Accessory,  in  Painting,  de- 
note* arms,  vases.  Sic.  which  in  historical  pieces  may  be  left  out. 

ACCIDENT,  in  Heraldry,  an  additional  point  in  a coat  of 
arms,  which  may  be  omitted  or  retaiued,  without  altering  the 
essence  of  the  armour. 

ACCI DENTAL  Point,  in  Perspective,  is  a point  in  the 
horizontal  line,  in  which  a right  line  drawn  from  the  eye, 
parallel  to  another  right  line,  intersects  the  picture  or  perspec- 
tive plane.  This  is  also  the  accidental  point  of  all  other  lines 
parallel  to  the  original  Hue,  since  the  same  lino  drawn  from  the 
eye  is  parallel  to  them  all ; and  the  representations  of  all  these 
parallels,  when  produced,  concur  in  the  accidental  point.  See 
Perspective. 

ACCLIVITY,  the  slope  or  steepness  of  a line  or  plane 
inclined  to  the  horizon,  taken  upwards,  in  contradistinction  to 
declivity,  which  is  taken  downw  ards.  So  the  ascent  of  a hill  is 
un  acclivity,  and  the  descent  of  tho  same  a declivity. 

ACCOMPANIMENT,  in  Music,  an  instrument  that  accom- 
panies the  voice  to  give  it  effect,  or  make  the  music  more  full. 
In  Painting,  such  objects  as  arc  added  for  ornament  or  fitness 
to  the  chief  figures,  as  dogs,  guns,  &c.  In  Heraldry  , any  thing 
added  to  the  shield  foi  ornament,  as  the  belt,  mantling,  sup- 
porters. 

ACCOMPLICE,  an  accessory,  privy  to  a crimewith  another. 
ACCOMPLISHMENT  of  Prophecy,  the  fulfilment,  under 
the  New  Testament,  of  events  foretold  by  the  Jewish  pro- 
phets under  the  Old  Testament. 

ACCORD,  in  Painting,  the  harmony  that  prevails  among 
the  lights  and  shadows  of  n picture. 

ACCOUNT,  or  Accompt,  a computation  or  reckoning  of 
any  thing  by  numbers,  as  a transaction  in  business : and 
Accountant  is  a person  skilled  in  accounts  ; 01  a bookkeeper 
to  the  South  Sea  or  East  India  Company. 
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ACCUMULATION  of  Degrees,  in  an  University,  the  taking 
of  several  degrees  together ; or  at  shorter  intervals  than  the 
rule*  of  the  academy  allow. 

ACE.  a card  or  die  with  one  point  only. 

ACENTATUM,  or  Acenteta,  a name  given  by  the  ancients 
to  the  purest  and  finest  kind  of  rook  crystal.  In  the  isle  of 
Arran,  there  are  found  rock  crystals  that  vie  with  Brazilian 
diamonds. 

ACER,  in  Botany,  the  Maple  nr  Sycamore  Tret.  See  Maple. 

ACBTABOLUM,  in  Anatomy,  a cavity  in  any  bone,  for 
receiving  the  protuberant  head  of  another.  In  Botany,  the 
trivial  name  of  a species  of  the  peziza.  or  cappeziza,  u genus 
belonging  to  the  cryptogamia  fungi  of  LiunaMis. 

ACETOSA,  Sorrel,— Acetosella,  a species  of  oxalis. — Ace- 
Tot.  s,  partaking  of  the  nature  of  vinegar. 

ACETATE  or  POTASH,  known  also  as  regenerated  tartar , 
essential  salt  of  urine,  Ac. : may  be  formed  by  saturating  car- 
bonate of  polasli  with  distilled  vinegar,  and  by  evaporating  the 
solution  slowly  to  dryness.  This  salt  has  a pungent  alkaline 
taste;  exposed  to  the  air,  it  becomes  moist;  is  soluble  in 
water ; when  heated,  it  melts  and  froths  up,  and  is  then  decom- 
posed and  charred. 

ACETUM,  vinegar,  tbc  vegetable  acid  of  chemists. 

ACH AN.  in  Medicine,  a species  of  herpes. 

ACtlAllNER,  a star  of  the  first  magnitude  in  the  constella- 
tion Erid  anus. 

ACHILLEA,  an  artificial  grass,  called  milfoil,  yarrow,  and 
sneeze  wort.  This  grass  succeeds  best  in  a good  lawn ; and 
may  be  sown  19  lbs.  to  an  acre. 

Texno  Achilles,  in  Anatomy,  a strong  tendon  of  the  heel 
of  the  foot. 

ACHROMATIC,  a term  applied  to  those  telescopes  in  which 
the  aberrations  of  light  are  remedied,  and  the  colours  justly 
reflected. 

ACID  for  Punch.  Bake  red  currants,  and  strain  them  as 
for  jellies  ; take  a gallon  of  the  juice,  put  to  it  two  quarts  of 
new  milk  ; crush  pearl  gooseberries  when  full  ripe,  aud  strain 
them  through  a coarse  cloth  ; add  two  quarts  of  the  juice,  and 
three  pounds  of  double-refined  sugar,  three  quarts  of  rum,  and 
two  of  brandy,  with  one  ounce  of  isinglass  dissolved  in  the 
liquor:  mix  it  all  up  together,  and  put  it  in  a little  cask.  Let 
it  stand  for  six  weeks,  and  then  bottle  it  for  use.  This  acid 
will  keep  for  many  years.  But,  after  all,  lemon  juice  is  the  best 
acid  for  punch. 

Acids  and  their  Salts.  Acids  arc  either  solid,  liquid,  or 
gaseous.  They  have  so  strong  an  attraction  for  water,  as  to 
be  generally  incapable  of  appearing  in  a solid  form. 

The  general  charaeteri*tic  Properties  of  Acids. 

1.  They  are  sour  wheu  applied  to  the  tongue. 

2.  They  change  vegetable  blues  to  a red  colour. 

3.  They  combine  with  metals  and  metallic  oxides:  among 
the  latter  arc  included  earths  and  alkalis  ; with  all  these  they 
form  salts. 

4.  They  combine  with  water  in  all  proportions.  In  this 
state,  they  are  said  to  he  diluted.  Very  many  contain  oxygen 
as  one  of  their  components:  hut  this  substauce  is  by  no  means 
a necessary  ingredient  in  acids  ; for  there  are  several  which 
possess  the  above  properties,  which  do  not  contain  oxygen. 

All  the  acids  combine  with  the  alkalis.  These  combinations 
have  been  termed  neutral  salts.  Example— sulphate  of  soda, 
which  is  produced  by  a combination  of  sulphuric  acid  with 
soda.  These  salts  are  easily  formed  by  art:  and  nature  ex- 
hibits a great  number,  especially  of  those  which  are  formed  by 
acids  of  simple  radicals  ; example — sulphate  of  lime. 

Neutral  salts  are  distinguished  by  two  names  ; one  express- 
ing the  arid,  and  the  other  the  alkaline  base ; example — sul- 
phate of  time  is  composed  of  sulphuric  acid  and  lime. 

All  metallic  substances  combine  with  at  least  some  of  the 
acids ; example — sulphate  of  iron  is  formed  by  the  union  of 
iron  with  sulphuric  acid. 

When  a metallic  substance  is  put  into  an  acid,  the  first 
requisite,  in  order  that  it  may  dissolve,  is,  that  it  become  oxi- 
dated in  it,  the  acid  first  giving  up  a part  of  its  oxygen  to  the 
metal ; or  rather,  by  decomposing  water  which  may  be  pre- 
jent:  the  oxygen  combining  with  the  metal,  whilst  the  hy  dro- 
gen is  set  free. 


In  metallic  solutions,  an  effervescence,  or  disengagement  of 
ga.s,  often  takes  place.  The  gas  disengaged  by  nitric  acid,  is 
nitric  gas ; that  disengaged  by  sulphuric  acid,  is  sulphurous 
acid  gas,  provided  this  acid  has  furnished  the  oxygen ; bat 
it  is  hydrogen  gas,  if  the  oxygen  has  been  furnished  by  tho 
water. 

In  general,  the  metals  do  not  take  from  these  acids  all  their 
oxy  gen  ; they  do  not  reduce  the  one  to  azote,  and  the  other  to 
sulphur  ; but  to  nitrous  gas,  and  sulphurous  acid,  which  can- 
not exist  but  in  u gaseous  state. 

Metallic  substances  dissolve  without  effervescence,  when 
they  have  been  previously  oxidated;  example — white  oxide 
of  lead  will  dissolve  in  acetic  acid  when  metallic  lead  will 
not. 

A metal  docs  not  dissolve  with  effervescence  in  oxygenated 
muriatic  acid,  or  chlorine. 

Silver,  mercury,  and  lead,  are  not  soluble  in  muriatic  acid, 
when  exposed  to  it  in  their  metallic  state  ; but  if  previously 
oxidated,  they  arc  exceedingly  soluble,  aud  the  solution  takes 
place  without  effervescence. 

Tabic  of  the  chief  acids,  whose  general  properties  deserve  to 
be  known. 

I.  Mineral  Acids  17.  Malic. 

1.  Sulphurous.  18.  Oxalic. 

2.  Sulphuric.  Iff.  Citric. 

3.  Nitrous.  20.  Tartaric. 

4.  Nitric.  21.  Benzoic. 

6.  Muriatic,  or  22.  Camphoric. 

Hydrochloric.  23.  Gallic. 

6.  Chloric.  24.  Succinic. 

7.  Carbonic.  25.  Suberic. 

8.  Fluoric.  IV.  Animal  Acids. 

ff.  Borncic.  20.  Phosphorous. 

II.  Metallic  Acids.  27.  Phosphoric. 

10.  Arscnious.  28.  Bonihic. 

11.  Arsenic.  29.  Scbacic. 

12.  Tungalie.  30.  Laccic. 

13.  Molybdic.  31.  Laotic. 

14.  Chromic.  32.  Saecho-lactic. 

15.  Columbic.  33.  Uric. 

III.  Vegetable  Acids.  34.  Prussic. 

16.  Acetic,  or  Acetous,  36  Pyroligneous. 

The  salts  produced  b>  the  anion  of  any  acids,  w hich  end  in 
out,  have  their  termination  in  ite.  Thus,  sulphurate*  acid  aud 
potash  form  sulphite  of  potash.  Neutral  salts  formed  by  acids 
ending  in  ic,  have  their  terminations  in  ate,  thus,  sulphuric 
acid  and  potash  form  sulphate  of  potash. 

Sulphurous  Acid  is  sulphur  combined  with  oxygen,  hut  not 
to  saturation.  It  is  the  sulphurous  acid  gas  when  absorbed  hy 
water.  The  salts  formed  by  the  combination  of  this  acid  with 
different  bases,  are  called  sulphites;  they  are  not  employed 
for  any  nseful  purpose. 

Sulphuric  Acid,  formerly  called  oil  of  vitriol,  is  formed  by 
the  combination  of  sulphur,  which  is  its  base,  and  oxygen. 
Sulphates  arc  neutral  salts,  formed  by  the  sulphuric  acid  with 
certain  bases.  Sulphate  of  potash,  formerly  called  variolated 
tartar,  is  produced  by  the  combination  of  the  sulphuric  acid 
and  potash.  It  is  found  frequently  in  mineral  waters.  Sul- 
phate of  soda,  commonly  called  Glauber's  suit,*  is  formed  hy 
the  combination  of  soda  with  the  sulphuric  acid.  The  sul- 
phates of  iron  and  copper  arc  used  in  dyeing,  Ac.  Sulphate  of 
lime,  or  plaster  of  Pans,  is  used  for  making  casts,  busts.  Ac. 

fiiUrcus  Acid  exists  in  the  state  of  gas.  in  the  form  of  a red 
vapour ; it  is  nitrous  gas  combined  with  a quantity  of  oxygen. 
Nitrous  acid  is  procured  from  sulphate  of  iron,  deprived  of  its 
w ater  of  crystallization  by  heal,  and  an  equal  weight  of  dry 
nitrate  of  potash.  It  may  also  be  obtained  by  decomposing 
nitrate  of  potash,  by  means  of  sulphuric  acid,  with  the  assist- 
ance of  heat.  The  salts  formed  with  this  acid  arc  very  little 
known. 

Xitric  Acid.  The  constituent  principles  of  this  acid  arc 
oxygen  and  nitrogen.  It  differs  from  the  last  mentioned  acid, 
only  in  not  having  any  nitrous  gas  in  a loosely  combined  state. 
Oxygen  and  nitrogen  with  caloric,  form  nitrous  gas.  This  gas, 
with  a greater  quantity  of  oxygen,  forms  nitric  ncid.  Nitric 
acid  is  transparent,  liquid,  and  colourless  ; sold  in  the  shops 


Digitized  by  Google 


G 


A C I 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


A C I 


b)  the  name  of  aquafortis.  It  is  procured  by  redistilling 
nitrous  acid  , or  at  least  heating  it  till  it  is  deprived  of  its  fumes. 
The  combination  of  nitric  acid  with  different  bases,  are  called 
nitrates.  Nitrate  of  silver  is  the  lunar  caustic  used  by  sur- 
geons. It  is  also  used  in  making  indelible  ink  fur  marking 
linen.  These  salts  have  the  property  of  detonating  with,  or 
inflaming,  charcoal,  and  other  easily  inflammable  bodies,  at  a 
red  beat.  It  is  upon  this  property  that  the  composition  of 
gunpowder  is  founded,  which  consists  of  flve  parts  of  nitrate  of 
potash,  or  salt-pctrc,  one  of  charcoal,  and  one  of  sulphur. 

Muriatic  or  Hydrochloric  Acid,  formerly  termed  marine  acid, 
or  spirit  of  salt,  is  composed  of  hydrogen  and  chlorine.  Its 
combinations  with  earths,  alkalis,  and  rnctals,  form  Imlrochlo- 
rates  or  muriates.  Muriate  of  potash,  formed  by  the  combina- 
tion of  muriatic  acid  with  potash,  is  found  in  sen-water  and 
old  plaster:  it  has  a strong,  bitter,  disagreeable  taste.  Muriate 
of  soda,  (marine,  common,  or  rork  salt.)  formed  by  the  combi- 
nation of  muriatic  acid  with  soda,  is  found  native  in  mines,  in 
many  places,  hut  particularly  in  Poland  and  Hungary.  It  is 
also  obtained  from  sea-water  by  evaporation,  Ac.  Muriate  of 
nmmonia,  or  sal-ammoniac,  formed  by  the  combination  of 
muriatic  acid  with  ammonia,  is  found  native  in  mines,  in  many 
parts,  particularly  in  the  neighbourhood  of  volcanoes.  Muriate 
of  lime  is  found  in  mineral  waters  of  the  sea,  to  which  it  con- 
tributes to  give  their  bitter  taste.  Muriate  of  barytes  is  not 
known  to  exist  native.  Muriate  of  lead  is  the  pigment  or  paint 
known  by  the  name  patent  yellow. 

Chloric  Acid,  formerly  called  oxygenated  muriatic  acid,  is 
muriatic  acid  deprived  of  its  hydrogen.  It  removes  the  stain 
of  common  ink,  though  it  does  not  affect  printer's  ink.  It  is, 
therefore,  used  for  cleaning  books  and  prints.  Half  an  ounce 
of  minium  or  red  oxide  of  lead,  being  added  to  three  ounces  of 
muriatic  acid,  w ill  render  it  fit  for  this  purpose.  Nitro-muria- 
lie  acid,  called  formerly  aqua-regia,  is  an  acid  analogous  to 
chloric  acid.  This  acid  has  the  property  of  dissolving  gold 
and  plntina,  which  cannot  be  acted  upon  by  any  other  arid. 
Chlorate  of  potash,  or  oxygenated  muriate  of  potash,  is  made 
by  introducing  the  chlorine  gas  into  a solution  of  potash.  This 
salt  has  the  property  of  detonating  with  sulphur,  charcoal,  Ac. 
and  has  been  used  for  making  gunpowder ; but  the  manufac- 
ture and  use  of  this  powder  are  very  dangerous. 

Carbonic  Acid  exists  in  the  gaseous  state,  and.  in  combina- 
tion with  different  bases,  constitutes  the  salts  termed  carbo- 
nates. Carbonate  of  potash  is  made  by  exposing  a solution 
of  potash  to  the  carbonic  acid  gas  until  saturated.  Carbonate 
of  soda  is  decomposed  by  quicklime,  by  the  acids,  and  bv  lire, 
so  also  is  the  former  carbonate.  Carbonate  of  ammonia,  or 
concrete  volatile  alkali,  may  be  obtained  from  any  animal  sub- 
stances. but  it  is  not  found  native;  it  is  a combination  of  car- 
bonic acid  with  ammonia.  Carbonate  of  ban  tea  has  no  taste, 
is  not  altered  in  the  air,  is  almost  insoluble  in  water,  hut  is 
decomposed  by  heat,  and  by  all  the  acids.  Carbonate  of  mag- 
nesia, or  common  magnesia,  is  obtained  by  precipitation  with 
the  carbonate  of  soda,  front  the  sulphate  of  magnesia.  It 
loses  its  water  and  acid  by  ralriuation.  the  residue  being  pure 
magnesia,  sometimes  called  calcined  magnesia. 

Fluoric  Acid  is  composed  of  fluorine  and  oxygen.  In  a 
gaseous  state,  it  forms  fluoric  arid  gas ; united  to  water,  it 
constitutes  liquid  fluoric  acid.  It  exists  completely  formed  in 
lluate  of  lime,  known  under  the  name  of  flour  or  Dcrbv shire 
spar.  The  distinguishing  property  of  the  fluoric  arid  is,  its 
power  of  dissolving  silex.  and  being  employed  for  etching  on 
glass. 

liorncic  Acid  is  a concrete  arid  extracted  from  borax,  n salt 
brought  from  India:  its  base  is  unknown.  Boracte  neid  exists 
iu  brilliant  white  scales,  soft,  and  unctuous  to  the  touch.  Its 
taste  is  bitterish,  with  a slight  acidity.  Borate  of  soda,  or 
borax,  formed  by  the  combination  of  the  bontcio  acid  with 
soda,  is  found  in  a crystallized  state  at  the  bottom  of  certain 
salt  lakes,  in  a barren  volcanic  district  of  the  kingdom  ot 
Thibet.  A still  purer  kind  comes  front  China.  When  reduced 
into  a white  opaque  light,  it  is  called  calcined  borax. 

A rsenioHt  Acid  is  metallic  arsenic,  oxygenated  in  the  first 
degree,  and  therefore  called  arsenious  arid.  The  white  arsenic 
of  the  chemists’  shops  is  chiefly  obtained  from  the  arsenical 
ores  of  cohalt. 


Artenie  Acid,  produced  only  by  art,  appears  in  the  form  of  a 
white  powder.  All  the  preparations  of  arsenic  are  deadly 
poisons;  the  hydro-sulpburets  are  the  best  antidotes.  A weak 
solution  of  bydro-sulphuret  of  potash,  sudn,  or  lime,  is  there- 
fore often  administered  with  success,  if  given  in  time,  to  per- 
sons who  have  been  poisoned  by  arsenic.  Sulphurous,  mineral, 
or  the  Harrow  Kale  water,  may  also  be  given.  In  such  cases, 
oil,  milk,  butter,  Ac.  which  are  too  often  resorted  to,  should 
never  he  employed,  if  a sulphurct,  or  bydro-sulphuret,  can 
possibly  he  procured. 

Tungstic  Acid  is  procured  from  a mineral  railed  tungsten, 
which  is  a combination  of  this  acid  with  lime,  (tungstate  of 
lime,)  or  from  wolfram,  which  is  this  acid  united  to  iron  and 
manganese. 

Molybdic  Acid  is  molyhdrna  oxygenated;  fur  this  metal  is 
susceptible  of  oxygenation  to  such  a degree  as  to  Leconte  a 
concrete  acid. 

Chromic  Acid  is  found  combined  with  oxide  of  lead,  in  the 
mineral  railed  chromate  of  lead,  or  the  red  h ad  of  Siberia ; also 
united  to  iron,  alomine,  and  silex,  in  the  substance  called 
chromate  of  iron.  This  acid  has  the  peculiar  properly  of  form- 
ing the  most  brilliant  colours  with  whatever  metal  it  combines: 
chromate  of  lead  is  an  intense  yellow,  chromate  of  mercury  a 
brilliant  red,  and  chromate  of  silver  a beautiful  violet, 

Columhic  Add  is  found  in  the  lately  discovered  ore  called 
colutiibium.  or  euluntbate  of  iron. 

Acetic, or  Acetout  Acid,  exists,  mixed  with  other  substances, 
in ronimon  \ ioegar.  Since  this  acid  is  very  volatile,  it  isobtnined 
pure  by  distilling  vinegar  in  a sand-heat.  In  this  state,  it  19 
called  distilled  vinegar.  Its  base  is  carbon,  hydrogen,  and 
oxygen.  The-  same  substances  form  the  bases  of  the  other 
vegetable  ncids,  but  in  different  proportions.  The  arelitcs  of 
potash  and  soda  are  obtained  bv  neutralizing  the  carbonates 
of  these  alkalis  with  acetous  acid,  and  evaporating  and  crys- 
tallizing the  solution.  Acetate  of  lead,  or  sugar  of  lead,  is 
composed  of  lend  and  acetic  acid  ; hence,  acetic  acid  for  pre- 
paring aromatic  vinegar,  is  usually  obtained  bv  pouring  sul- 
phuric arid  on  the  sugar  of  lead  in  a retort,  and  distilling  the 
acetic  acid  in  a receiver  prepared  for  the  purpose.  Here  we 
have  nu  example  of  decomposition ; for  the  sulphuric  acid 
must  combine  with  the  lead  before  the  acetic  acid  will  come 
over.  This  distillation  must  he  carried  on  in  a sand- hath. 
Aromatic  vinegar  is  merely  acetic  acid  with  a little  camphor 
and  oil  of  bergamot  dissolved  iu  it. 

Malic  Acid  is  found  in  the  juice  of  unripe  apples,  and  some 
other  fruits. 

Oxalic  Acid  i*  prepared  from  sugar  by  mixing  it  with  nitric 
acid.  It  is  highly  poisonous,  and  many  deaths  have  occurred, 
sometimes  through  the  negligence  even  of  druggists,  by  mis- 
taking it  for  Epsom  salts,  which  are  very  like  it. 

Citric  Acid  is  found  in  the  juice  of  lemons  and  oranges 
unripe  grapes,  and  other  sour  fruits.  It  is  also  called  concrete 
lemon  juice,  ami  is  used  for  a variety  of  purposes.  It  is  a very 
useful  substance  fur  taking  stains  of  ink  out  of  linen. 

Tartaric  Acid.  The  tarter  found  adhering  to  wine  casks, 
is  a salt  composed  of  a peculiar  acid  combined  w ith  potash, 
hut  iu  such  a manner,  that  Ihc  acid  is  iu  considerable  excess. 
The  salt  is  known  under  the  name  of  acidulous  tar; rite  of 
potash,  and  the  acid  which  enters  into  its  composition  is  the 
tartaric.  It  is  by  the  combination  of  this  acid  with  potash, 
that  the  acidulous  tartrite  of  potash,  usually  called  cream  of 
tartar,  is  formed  by  solution,  with  subsequent  filtration  and 
evaporation. 

ficttsoic  Acid  is  found  in  the  resin,  called  benzoin,  in  the 
balsam  of  Peru,  and  some  other  substances  of  this  kind.  It  is 
also  found  in  urine,  and  other  animal  substances. 

Camphoric  Acid,  is  camphor  oxygenated  to  acidity.  Camphor 
is  a concrete  essential  oil,  extracted  by  sublimation  Itom  a 
laurel  which  grows  in  Chinn  and  Japan. 

(iallic  Acid  is  found  in  gall-mils,  hark  of  trees,  and  in  ail 
those  vegetables  called  astringents. 

Succinic  Acid  is  obtained  from  amber,  and  is  therefore  called 
also  acid  of  amber.  Amber  is  a bituminous  substance  of  a 
yellow  ootoui,  which  is  found  chiefly  on  the  sen-coast  of  Prus- 
sia. It  takes  a line  polish,  and  is  used  for  various  ornaments. 
It  is  strongly  electrical 
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Suberic  Acid  exists  in  cork.  It  reddens  vegetable  blues, 
and  has  the  p *cn!iar  property  of  turning  tbc  blue  solution  of 
indigo  in  sulphuric  acid,  to  green. 

Phosphorous  Acid.  When  phosphorous  is  burnt  slowly,  and 
does  not  In-come  completely  saturated  with  oxygen,  it  forms 
phosphorous  acid.  Its  salts  arc  the  phosphites. 

Phosphoric  Acid  is  phosphorus  saturated  with  oxygen.  This 
aeid  is  obtained  from  bones,  which  arc  composed  of  phosphate 
of  lime,  and  gelatine.  It  tnav  also  be  obtained  by  the  rapid 
combustion  of  phosphorus  in  oxygen  gas. 

/iambic  Acid  is  obluined  from  the  silkworm.  It  is  very  little 
known. 

Pyroligneous  Aeid,  obtained  by  distillation  from  wood,  is 
sometimes  called  wood  vinegar.  This  aeid  is  said  to  preserve 
animal  food  for  any  length  of  time.  The  whole  carcase  of  a 
sheep  being  immersed  in  it,  was  found,  upon  examination 
many  months  afterwards,  to  he  perfectly  free  from  any  appear- 
ance of  putrefaction.  A leg  of  mutton,  declared  unsaleable 
by  the  butchers,  being  immersed  in  the  py  roligneous  acid, 
w as,  after  a twelvemonth,  perfectly  sweet,  nud  likely,  from  its 
appearance,  to  continue  so  many  years. 

Dr.  Jorg,  professor  of  Leipsic,  lias  made  many  successful 
experiments  of  the  same  nature,  lie  has  entirely  recovered 
several  anatomical  preparations  from  incipient  corruption,  by 
ponriug  this  acid  over  them.  With  the  oil  which  is  produced 
from  wood  by  distillation  in  the  dry  manner,  he  has  moistened 
pieces  of  lk-sh  already  advanced  in  decay  ; and,  notwithstand- 
ing the  heat  of  the  weather,  soon  made  them  as  dry  and  firm 
as  flesh  can  be  rendered  by  being  smoked  in  the  smoking- 
room.  All  traces  of  corruption  vanish  at  once  when  the 
vinegar  of  wood,  or  the  oil  of  wood,  is  applied  to  the  meat 
with  a brush.  The  professor  has  also  begun  to  prepare 
mummies  of  animals,  and  has  no  doubt  of  success.  He 
promises  great  advantages  to  anatomy,  domestic  economy 
and  even  to  medicine,  from  this  discovery,  for  the  remedy 
seems  very  fit  to  be  applied  internally  and  externally  in  many 
disorders. 

It  is  made  in  the  large  way  at  an  establishment  at  Batter- 
sea. of  one  uniform  strength  of  50  degrees,  by  the  new  excise 
autometer.  This  aeid  is  pronounced  to  be  pure  acetous  aeid, 
perfectly  free  from  sulphuric  and  all  other  mineral  acids,  ami 
from  mucilaginous,  earthy,  and  metallic  impurities.  It  is 
therefore,  when  diluted,  perfectly  wholesome  with  food,  and 
may  he  used  for  all  the  purposes  of  vinegar. 

The  pyroligneous  acid  admits  of  being  diluted  with  seven 
parts  of  water,  which  will  reduce  it  to  the  strength  of  common 
distilled  vinegar : it  is  then  well  qualified  for  pickling  vege- 
tables and  fish : the  latter,  particularly,  is  found  to  be  pre- 
served longer  with  this  vinegar,  and  to  eat  firmer  ami  better 
than  with  any  other.  This  acid  is  bright  and  colourless  as 
water;  but  it  readily  takes  any  colour  or  flavour.  It  will  keep 
for  any  length  of  time,  in  any  climate,  without  losing  its 
strength,  or  becoming  ropy  and  thick,  or  mothrry,  ns  it  is 
generally  termed.  At  sea,  it  is  particularly  useful  for  the 
scurvy  ; and  for  all  medical  purposes,  it  answers  the  uses  of 
the  best  distilled  vinegar, 

Sehacic  Acid , called  also  the  acid  of  fat,  and  obtained  from 
the  fat  of  animals,  is  concrete,  and  soluble  in  water.  It  is  sour, 
aud  without  odour. 

Lnccic  And,  lately  discovered  in  a substance  called  white 
lac.  is  formed  by  certain  insects  of  the  coccus  tribe. 

Lactic  Acid  is  found  in  the  whey  of  milk.  It  is  concrete, 
and  liquefies  in  the  air.  It  is  sour,  and  oxidates  the  metals. 

Saceho- Lactic  Acid,  discovered  by  Scheelc,  who  obtained  it 
by  treating  sugar  of  milk  with  nitric  acid  : it  is  also  obluined 
by  treating  gum-arabic  with  nitrous  acid. 

f/ric  Acid , also  called  lithic  aeid,  is  found  in  urinary  calculi, 
and  in  human  urine. 

Prttube  Acid  is  produced  by  exposing  the  horns,  hoofs,  and 
dried  blood  of  animals,  with  an  equal  quantity  of  fixed  alkali, 
to  a red  heat.  This  acid,  united  to  iron,  forms  that  beautiful 
pigment  called  Prussian  blue.  From  this  salt  the  acid  is 
frequently  obtained,  this  being  the  least  expensive  mode.  The 
pure  arid  is,  perhaps,  the  most  intense  poison  ever  known:  a 
glass  rod  dipped  in  it,  was  inserted  in  the  mouth  of  a dog, 
who  fell  dead,  as  if  struck  by  lightning,  the  instant  it  tuuchcd 


the  poor  animal’s  palate.  The  dog  had  been  a remarkably 
strong  one. 

ACbOWA,  a plant  used  by  the  natives  of  Guinea  to  enre 
the  itch.  The  Acopchoba  is  famous  among  them  for  its  cure  of 
the  small-pox,  which  is  administered  in  an  infusion  of  wine. 

ACOMTUM,  common  blue  monk’s-hood;  every  part  of  the 
fresh  plant  is  strongly  poisonous;  the  root  most  so.  It  >s  used 
in  medicine. 

ACORN,  the  fruit  of  the  oak  ; upon  which  both  man  aud 
beast  may  live. 

ACOKL'S,  in  Botany,  sweet  rush  ; generally  looked  upon 
as  a carminative  and  stomachic  medicine:  in  Natural  History, 
blue  coral,  w hich  grows  in  form  uf  a tree  on  the  const  of  Ikoin, 
in  Africa. 

ACOUSTICS  is  the  science  which  treats  of  the  nature,  phe- 
nomena, and  laws,  of  the  sense  of  sound.  It  extends  to  the 
theory  of  musical  concord  and  harmony,  and  is,  therefore,  a 
valuable  and  interesting  science.  Sound  is  considered  as 
arising  from  vibrations  in  the  air,  communicated  to  it  by  vibra- 
tions of  the  sounding  body,  acting  in  pulsations,  or  concentric 
waves,  like  the  surface  of  water  w hen  a stone  is  thrown  into  it. 
A sonorous  body,  whilst  sounding,  is  unquestionably  in  a state 
of  vibration,  and  the  air,  by  similar  vibrations,  communicates 
and  propagates  these  vibrations.  The  principal  causes  of  the 
variety  of  sounds,  are  : i First,  The  greater  or  less  frequency  of 
the  vibration.  Secondly,  The  quantity  or  force  of  the  vibrating 
materials.  And,  Thirdly,  The  greater  or  less  simplicity  of  the 
sounds.  Hence  arise  the  height,  the  strength,  and  the  modifi- 
cation, of  sounds.  The  vibrations  of  a sounding  body  continue 
for  a lunger  or  shorter  time,  according  as  tbc  body  is  more  or 
less  clastic,  or  as  it  is  thicker  or  thinner. 

Of  the  Velocity  of  Sound.  By  experiments,  we  know'  that 
sound  travels  1142  feel  in  a second,  or  13  miles  a minute  : water 
accelerates  its  velocity;  and  all  sounds  travel  at  the  same  rate; 
the  softest  whisper  flies  with  the  speed  of  the  loudest  thunder. 
The  velocity  of  sound  is  to  that  of  a brisk  wind  as  fifty  to  one. 

The  velocity  of  sound  has  been  applied  to  the  measurement 
of  distances. 

A ship  at  sea  in  distress  fires  a gun,  the  light  of  which  is 
seen  on  shore  20  seconds  before  the  report  is  heard,  therefore 
it  is  known  to  be  at  the  distance  of  20  times  1 142  feet,  or  little 
more  than  44  mites.  1 see  a vivid  flash  of  lightning  ; and  if  in 
three  seconds  ( hear  a tremendous  clap  of  thunder,  1 instantly 
knuvv  that  the  thunder  cloud  is  only  two-thirds  of  a mile  dis- 
tant. I should  therefore  retire  instantly  from  any  exposed 
situation.  The  pulse  of  a healthy  person  beats  about  70  times 
in  a minute;  if,  therefore,  between  the  flash  of  lightning  and 
the  thunder  l can  feel  I,  2,  3.  4,  &c.  beats  of  my  pulse,  I know 
the  cloud  is  900,  1#tX),  2700,  3000  lect  from  me. 

Smooth  and  clear  sounds  proceed  from  bodies  that  arc  homo- 
geneous, and  of  an  uniform  figure  : harsh  and  rough,  or  obtuse 
sounds,  from  irregular  bodies,  or  such  as  arc  made  of  mixed 
matter.  The  strength  of  sounds  is  greatest  in  cold  and  dense 
air;  and  least  in  that  which  is  warm  and  rarefied.  And  under 
an  exhausted  receiver,  a bell  give*  uo  sound.  Every  point 
against  which  the  pulses  of  sound  strike,  becomes  a centre 
from  which  a new  scries  of  pulses  are  propagated  in  every 
direction.  Hence  the  extraordinary  echoes  we  sometimes  hear. 

Of  reverberated  Sounds.  Sounds,  like  light,  after  it  has  been 
reflected  from  several  places,  may  be  collected  into  one  point, 
ns  into  a focus  ; it  will  there  he  more  audible  than  in  any 
other  part,  even  than  at  the  place  whence  it  proceeded.  On 
this  principle,  the 

Whispering  ( inllery , fig.  6,  is  constructed.  Its  form  is  that 
of  a concave  hemisphere,  as  A DC,  plo  g . 

and  if  a low  sound  be  uttered  at 
A,  the  vibrations  expanding  them- 
selves every  way,  impinge  on  the 
points  D.  D.  D.  P,  H.  E,  &c.  and 
from  thence  to  the  points  l7,  G,  till 
the)  all  meet  in  C,  where  the  sound, 
being  roll  cried  as  in  a focus,  will  be 
perfectly  well  heard.  Upon  this  principle,  the  whispering 
gallery  of  St.  Paul’s  Cathedral,  London,  is  constructed. 

The  Speaking  Trumpet  is  constructed  on  the  principle  of 
the  refection  of  sounds.  Thus,  the  voice  discharged 
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m B,  fig.  7,  is  con- 
lined  within  the  tube, 
and  the  vibration* 
striking  against  its 
hollow  sides,  arc  re- 
flected back  to  the 
angle  of  incidence, 
and  fall  into  the  di- 
rection of  the  vibrations  that  proceed  straight  forwards.  The 
w hole  of  the  vibrations  are  thus  collected  at  E,  and  if  the?  car 
be  situated  at  or  near  that  spot,  the  sound  is  prodigiously 
increased.  The  reflected  rays  fall  without,  the  rays  of  inci- 
dence within,  the  trumpet.  Every  one  knows  the  utility  of 
speaking  or  hearing 
trumpets,  fig.  8.  to  sso. ». 
deaf  persons.  The 
reason  is  obvious;  the 
speaker's  voice  at  the 
point  E,  is  reflected 
to  the  larger  end  of 
the  trumpet,  and  pas- 
ses  by  the  rays  of  in- 
cidence into  the  ear 
at  B. 

Of  Echoes. — An  echo  is  a reflerlion  of  sound  striking  against 
some  object,  as  an  imago  is  reflected  in  the  gloss : but  it  has 
been  disputed  what  are  the  proper  qualities  in  a body  for  thus 
reflecting  sounds.  It  is  in  general  known,  that  caverns,  grot- 
toes, mountains,  and  ruined  buildings,  return  this  reflection  of 
sound. 

Wc  have  heard  of  a very  extraordinary  echo,  at  a ruined 
fortress  near  Louvain,  in  Flanders.  If  a person  sung,  lie  heard 
only  his  own  voice,  without  any  repetition : on  the  contrary, 
those  who  stood  at  some  distance  beard  the  echo,  but  not  the 
voice;  but  then  they  heard  it  with  surprising  variations,  some- 
time* loader,  sometimes  softer,  now  more  near,  then  more 
distant.  There  is  an  account  in  the  Memoirs  of  the  French 
Academy,  of  a similar  echo  near  Rouen. 

Philosophical  Principle  of  an  Echo.  Fip.  9.— It  has  been 
already  observed,  that  every  point  against  which  the  pulses  of 
sound  strike,  becomes  the  centre  of  a new  series  of  pulses,  and 
sound  describes  equal  distances  in  equal  times  ; therefore, 
when  any  sound  is  propagated  from  a centre,  and  its  pulses 
strike  against  a variety  of  obstacles,  if  the  sum  of  the  right 
lines  drawn  from  that  point  to  each  of  the  obstacles,  and  from 
each  obstacle  to  a second  point,  be  equal,  then  will  the  latter 
be  a point  in  which  an  echo  will  be  heard.  Thus,  let  A be  the 
point  from  which  the  sound  is  pro- 
pagated in  all  directions,  and  let 
the  pulses  strike  against  the  ob- 
stacles C,  D,  E,  F,  G,  H,  1, 8tc.  each 
of  these  points  becomes  a new  cen- 
tre of  pulses  by  the  first  principle, 
and  therefore  from  each  of  them 
one  series  of  pulses  will  pass 
through  the  point  B.  Now  if  the 


several  sums  of  the  right  lines  A(!+CB+,  AD-fDII,  .it+EU, 


AG+GII,  AH+HB,  AI+IB,  &C.  be  all  equal  to  each  other, 
it  is  obvious  that  the  pulses  propagated  from  A to  these 
points,  and  ngain  from  these  points  to  H,  will  arrive  at  H at 
the  same  instant,  acrording  to  the  second  principle  ; and  there- 
fore, if  the  bearer  be  in  that  point,  his  car  will  at  the  same 
instant  be  struck  by  all  these  pulses. 

Now  it  appears  from  experiment,  that  the  ear  of  an  exer- 
cised musician  can  only  distinguish  such  sounds  us  follow  one 
another  at  the  rate  of  i)  or  10  in  a second,  or  any  slower  rate; 
and  therefore  for  a distinct  perception  of  the  directed  and 
reflected  sound,  there  should  intervene  the  interval  of  about 

- of  a second ; but  in  this  lime  sound  describes  or 

127  feet  nearly.  And  therefore,  unless  the  sum  of  the  lines 
drawn  from  each  of  the  obstacles  of  the  points  A and  B, 
exceeds  the  interval  AB  by  127  feet,  no  echo  will  be  heard  at 
B.  Since  the  several  sums  of  the  lines  drawn  from  the 
obstacles  to  the  points  A and  B are  of  the  some  magnitude,  it 


appears  that  (he  curve  passing  through  all  thr  p*  inis  C,  D,  E, 
F.  G,  H,  I.  kr.  will  be  an  ellipse . Hence,  all  the  points  of  the 
obstacles  w hich  produce  an  echo,  must  lie  in  the  surface  of  the 
oblong  spheroid,  generated  by  the  revolution  cf  this  ellipse 
round  its  major  axis. 

Diff  erent  Echoes  philosophically  areavvttd  for. — A 8 there  may 
be  several  spheroids  of  iliflctrnt  magnitudes,  so  there  may  be 
several  different  echoes,  of  ihc  same  original  sound.  And  as 
there  may  happen  to  be  a greater  number  of  reflecting  points 
in  the  surface  of  an  exterior  spheroid  than  that  of  un  interior, 
a second  or  a third  echo  may  be  much  more  pow  er  ful  than  the 
first,  provided  that  the  superior  number  of  reflecting  points, 
that  is,  the  superior  number  of  reflected  pulses  propagated  to 
the  ear,  be  more  than  sufficient  to  compensate  for  the  decay  of 
sound,  which  arises  from  its  being  propagated  through  a 
greater  space.  This  is  finely  illustrated  iu  the  celebrated 
echoes  at  the  lake  of  Killarnry  in  Ireland,  where  the  first 
return  of  the  sound  is  greatly  inferior  to  those  which  succeed 
it  immediately. 

From  what  has  been  laid  down,  it  appears,  that,  for  the 
most  powerful  echo,  the  sounding  body  should  be  in  one  focus 
of  the  ellipse,  which  is  the  section  of  the  echoing  spheroid,  and 
the  hearer  in  the  other.  However,  nn  echo  may  be  heard  in 
other  situations,  but  not  so  favourably,  as  such  a number  of 
reflected  pulses  may  arrive  at  the  same  time  at  the  ear,  as  may 
he  sufficient  to  excite  a distinct  perception.  Thus  a person 
often  hears  the  echo  of  Ins  own  voice;  but  for  this  purpose  he 
should  stand  at  least  <13  or  04  feet  from  the  reflecting  obstacle, 
acrording  to  what  has  been  said  before. 

At  the  common  rate  of  speaking,  we  pronounce  not  above 
three  syllables  and  a half,  that  is,  seven  half-syllables,  in  a 
second,  therefore,  that  tlic  echo  may  return  just  as  soon  as 
three  syllables  are  expressed,  twice  the  distance  of  the  speaker 
from  the  reflecting  object  must  be  equal  to  1000  feet ; for  as 
sound  describes  1 142  feet  in  a second,  i of  that  space,  that  is, 
1000  feet  nearly,  will  be  described,  while  six  half,  or  three 
whole  syllables  are  pronounced;  that  is,  the  speaker  must 
stand  500  feet  from  the  obstacle.  And  in  general,  the  distance 
of  the  speaker  frutn  the  echoing  surface,  for  any  number  of 
syllables,  must  be  equal  to  the  seventh  part  of  the  product  of 
1142  feet  multiplied  by  that  number. 

In  churches,  wc  never  hear  a distinct  echo  of  the  voice,  but 
a confused  sound  when  the  speaker  utters  his  words  too 
rapidly  ; because  the  greatest  difference  between  the  direct 
and  reflected  courses  of  such  a number  of  pulses  as  would 
produce  a distinct  sound,  is  never  in  any  church  equal  to 
127  feet,  the  limit  of  echoes.  But  though  the  first  reflected 
pulses  may  produce  no  echo,  both  on  account  of  their  being 
too  few  in  number,  and  too  rapid  in  their  return  to  the  ear  ; 
yet  it  is  evident,  that  the  reflecting  surface  may  be  so  formed, 
as  that  the  pulses  which  come  to  the  car  after  two  reflections 
or  more,  may,  after  having  described  127  feet  or  more,  arrive 
at  the  car  iu  sufficient  numbers ; and  also  so  nearly  at  the 
same  instant  of  time,  as  to  produce  an  echo,  although  the  dis- 
tance of  the  reflecting  surface  from  the  ear  be  less  than  the 
limit  of  echoes.  Fur  example,  as  you  enter  a small  grotto,  on 
the  banks  of  the  Dinan,  about  2 miles  from  CastSecombc,  in  the 
county  of  Kilkenny,  and  continue  speaking  aloud,  no  return 
of  voice  is  perceived  ; but  on  arriving  at  a certain  point  in  the 
cave,  about  14  or  15  feet  from  the  reflecting  surlacc,  a very 
distinct  echo  is  heard.  This  echo  is  produced  solely  by  those 
pulses  of  voice,  which,  after  being  reflected  several  times  from 
one  side  of  the  grotto  to  the  other,  (as  you  observed  in  the 
hollow  tube  of  the  trumpet.)  and  having  run  over  a greater 
space  than  127  feet,  arrive  at  the  ear  in  considerable  numbers, 
and  no  more  distant  from  each  other,  in  point  of  lime,  than  the 
ninth  part  of  a second. 

The  Invisible  Girt,  a deception  connected  with  the  convey- 
ance of  sound,  is  nn  acoustic  experiment,  which  may  thus  be 
scientifically  and  familiarly  explained. 

In  the  centre  of  a large  room  is  placed  an  apparatus,  as 
fig.  10,  with  a railing  surrounding  it,  about  five  fret  high,  aDd 
as  many  wide.  A,  A,  A,  A,  are  the  posts  united  by  the  cross- 
rail  B,  li,  near  the  top,  and  by  two  more  similar  rails  uear  the 
bottom.  The  plume  and  globe  are  supported  by  four  stout 
brass  wires.  The  globe,  or  ball  of  copper,  is  about  12  inches 
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diameter;  and  the  ribbons  which  suspend  it  to  the  bent 
wires  seem  to  cut  off  all  communication  with  the  frame. 
Fig.  10.  Apparatus  of  the  Invisible  Girl. 


Bound  this  ball  are  placed  four  trumpets,  at  right  angles  to 
rarh  other,  as  shewn  in  fig.  11,  haviug  their  mouths  opening 


externally.  Nothing  more  appears  in  the  room,  and  It  is  pre- 
tended there  is  within  the  globe  a little  lady,  who  will  answer 
you  any  nnestion  you  choose  to  propose  to  her ; and  the  pro- 
cess is  this : — 

When  the  question  is  proposed,  and  uttered  into  the  mouth 
of  one  of  the  trumpets,  nn  answer  immediately  proceeds  from 
all  the  trumpets,  so  distinctly  loud  as  to  be  heard  by  an  ear 
applied  to  any  one  of  them,  and  yet  so  remote  and  feeble,  that 
it  actually  seems  to  issue  from  f ho  twelve-inch  globe.  Hut 
the  deception  is  this : Fig.  12  represents  a section  of  the 


joined  to  it,  arc  hollowed  into  a lube,  the  end  of  which  opens  on 


the  inside  of  the  rail  opposite  the  centre  of  the  trumpet  on  that 
side.  This  hole  is  concealed  by  mouldings,  fee.;  the  tube  commu- 
nicates with  a tin  pipep.p,  half  an  inch  diameter,  concealed 
below  the  floor  of  the  room  f,f,  and  passing  up  the  wall  to  a 
large  deal  case,  A,  almost  similar  to  nn  inverted  funnel,  and 
large  enough  to  contain  the  confederate  or  invisible  girl,  and  a 
piano  on  which  she  plays.  A small  hole,  closed  with  glass,  is 
left  through  the  funnel  and  side-wall  of  the  room,  as  at  A, 
which  allows  her  to  comment  on  what  is  passing  among  the 
company.  Thus,  when  any  question  is  asked  at  one  of  the 
trumpets,  the  sound  is  conveyed  through  the  communicating 
tubes  into  the  funnel-shaped  case,  so  as  to  he  heard  by  the  con- 
federate, who  then  gives  the  answer,  which  in  like  manner  is 
conveyed  through  the  tube,  below  the  floor,  to  one  of  the 
trumpets,  and  is  heard  either  from  that,  or  any  of  the  rest. 

Philosophical  Acoustic  Experiments. 

I.  The  JEoliun  Harp,  fig.  13,  is  so  named  from  Jtalus,  the 
heathen  deity  of  winds,  as  it  produces  its  wild  and  often  exqui- 
site strains,  merely  by  the  action  of  the  wind.  It  is  thus  con- 
structed ; — Lot  a box  be  made  of  as  thin  deal  as  possible,  of 
the  exact  length  answering  to  the  width  of  the  window  in 
which  it  is  intended  to  he  placed,  five  or  six  inches  deep,  and 
seven  or  eight  inches  wide;  let  there  be  glued  upon  it  two 


pieces  of  wainscot.  A B,  CD,  about  half  nn  inch  high,  and  a 
quarter  of  an  inch  thick,  to  serve  as  bridges  for  the  strings ; 
and.  within  side,  at  each  end.  glue  two  pieces  of  beech,  nbout 
an  inch  square,  of  length  equal  to  the  width  of  the  box,  which 
arc  to  sustnin  the  pegs:  into  these  fix  ns  many  pins,  such  as 
arc  used  in  a harpsichord,  as  there  are  to  be  strings  in  the 
instrument,  7.  10,  or  15,— half  at  one  end  and  half  at  the  other, 
at  equal  distances:  it  now  remains  to  string  it  with  small 
catgut,  or  blue  first  fiddle-strings,  fixing  one  end  to  a small 
brass  pin,  and  twisting  the  other  found  the  opposite  pin. 
When  these  strings  are  tuned  to  one  and  the  same  note,  and 
the  instrument  placed  with  the  strings  outward  in  the  window 
to  which  it  is  tilted,  it  will,  provided  the  air  blows  on  that  win- 
dow, give  a charming  sound  like  a distant  choir,  increasing  or 
decreasing  according  to  the  strength  of  the  wind.  The  figure 
represents  an  instrument  with  ten  chords;  some  musicians 
direct  the  two  extreme  chords  to  be  two  octaves  below  the 
central  ones.  And  here  it  may  be  proper  to  remark,  that  two 
strings,  of  equal  length,  tension,  and  thickness,  by  performing 
their  vibrations  together,  will  sound  the  same  note,  or  he  in 
unison.  Two  pipes  of  the  same  length  and  diameter  will  agree 
in  the  same  manner.  Large  instruments  and  long  strings  pro- 
duce grave  or  deep  tones  ; small  instruments  and  short  strings 
produce  acute  and  high  tones. — In  the  case  of  the  strings,  the 
air  is  struck  by  the  body,  and  the  sound  is  excited  by  the 
vibrations:  in  that  of  the  pipes,  the  body  is  struck  by  the  air, 
but,  ns  action  and  re-aetion  are  equal,  the  effect  is  the  same. 
Let  a musical  string  of  any  length  be  divided  into  two  equal 
parts  by  a bridge  in  the  middle  ; and  the  sound  of  eitcli  half 
is  eight  notes,  or  an  octave,  higher  than  the  tone  of  the  whole 
string.  Organ  pipes  produce  grave  or  acute  tones  in  propor- 
tion to  their  length  and  siac.  It  is  the  shortest  string  of  a 
harpsichord  which  yields  the  highest  notes. 

2.  The  Conversing  Statue,  fig.  14,  consists  of  a concave  mir- 
ror, about  2 feet  diameter,  as  AB.  placed  in  a perpendi- 
cular direction : the  focus  of  the  mirror  being  from  15  to  18 
inches  from  the  surface.  At  the  distance  of  6 or  0 feet  is  a 
partition,  with  an  opening  E F,  of  the  same  sise  with  the  mirror ; 
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agiinjt  this  opening  place  a picture  painted  in  water  colours, 
on  a thin  cloth,  that  the  sound  may  easily  pass  through  it 


The  more  effectually  to  conceal  the  cause  of  this  illusion,  the 
mirror  A B.  may  he  fixed  in  (he  wainscot,  ami  a gauze,  or  any 
other  thin  covering,  thrown  over  it,  as  that  will  not  In  the  least 
prevent  the  sound  from  being  reflected.  An  experiment  of  this 
kind  may  be  performed  in  n field,  or  garden,  between  two 
hedges,  in  one  of  which  the  mirror  A H may  he  placed,  and  hi 
the  other  an  opening  artfully  contrived.  Behind  the  partition, 
at  the  distance  of  two  or  three  feet,  place  another  mirror.  G II, 
of  the  same  size  as  the  former,  and  let  it  be  diametrically  oppo- 
site to  it.  Both  the  mirrors  here  used  may  be  of  tin,  or  gilt 
pasteboard  ; this  experiment  not  requiring  such  as  are  very 
accurate.  At  the  point  C,  let  there  bo  placed  the  figure  of  a 
man  seated  on  a pedestal,  and  let  his  car  be  placed  exactly  in 
the  focus  of  the  first  mirror ; his  lower  jaw  must  be  made  to 
open  by  a wire,  and  shut  by  a spring ; and  there  may  be  another 
wire  to  move  the  ryes : these  wires  must  pass  through  the 
figure,  go  under  the  floor,  and  come  up  behind  the  partition. 
Let  a person,  properly  instructed,  be  placed  behind  the  partition 
near  the  mirror.  You  then  propose  to  any  one  to  speak  softly 
to  the  statue,  by  putting  his  mouth  to  the  car  of  it,  assuring 
him  that  it  will  answer  instantly.  You  then  give  the  signal  to 
the  person  behind  the  partition,  who,  by  placing  his  ear  to 
the  focus  1,  of  the  mirror  G H,  will  hear  distinctly  what  the 
other  said  ; mid  moving  the  jaws  and  eyes  of  the  statue  by  the 
wires,  will  return  an  answer  directly,  which  will,  in  like  man- 
lier, be  directly  heard  by  the  first  speaker, 

3-  7’Ar {'owmuaicafiVe  /Iiuir.ftg,  Ib.twoplaster-of-parisflgares, 
placed  on  pedestals,  on  the  opposite  sides  of  a room,  form  an 
elegant  and  amusing  illusion.  A tube,  one  inch  diameter, 
pa.-ucs  from  one  bead  to  the  other,  through  the  pedestals, 
ii tide r the  lloor,  and  the  whole  is  so  disposed  that  no  appear- 
ance of  communication  is  visible.  Hut  when  a stranger 
speaks  quite  low  into  tho  car  of  one  bust,  the  words  are  rever- 
berated through  the  tube, 


Tia  IS. 


and  are  very  distinctly  heard  issuing  from  the  mouth  of  the 
other  bust.  Two  tubes,  one  from  the  car  lo  the  mouth  of  each 
'tend,  afford  the  enjoyment  of  mutual  converse  to  two  persons, 
w hile  others,  standing  in  the  middle  of  the  room,  shall  not  hear 
what  is  spoken.— The  telegraphs  in  the  wails  built  by  tho 
Romans,  were  flues,  by  means  of  which  orders  were  given  from 
one  station  to  another,  on  the  foregoing  principle. 

4 The  Orarufar  Head,  upon  the  principle  just  laid  down,  may 
*iavo  also  a series  of  wires  to  move  the  eyes,  lips,  &c.  and  give 
the  image  all  the  appearance  of  animation  while  il  discourses. 
Such  machiucs  arc  exhibited  at  fairs,  and  sometimes  in  London. 

6.  The  Solar  Sonata,  composed  of  dials,  apri.ig  clocks,  and 
,lasx  tubes,  is  ns  complex  a piece  of  mechanism  as  an  organ, 
and  of  no  other  utility  than  to  shew,  that  the  rays  of  the  sun, 
rectifying  spirits  in  n glass  tube,  can  let  off  a trigger,  and  so 
act  a musical  clock  to  play. 

6.  The  Automaton  Harprickord,  is  a common  harpsichord, 
put  in  motion  by  means  of  a smoke-jack  ; the  wires  which 
oinmunicate  with  the  keys  of  the  instrument,  being  concealed 
'tom  the  public.  This  machinery  may  he  applied  to  any  other 
«;eytd  instrument,  U well  as  to  chimes,  and  to  many  other 
purposes  where  a regular  continued  motion  is  required.  An 


instrument  of  this  sort  may  be  considered  as  a perpetual  motion, 
according  to  the  vulgar  acceptation  of  the  term,  for  it  will 
never  cease  going  till  the  fire  be  extinguished,  or  some  parts  of 
the  machinery  be  worn  out 

7.  The  Ventral  Symphony,  fig.  lb,  may  be  erected  at  the  top 
of  a summer-house,  or  other  building:  let  there  be  fixed  u 
vane  A li,  on  which  is  the  pinion  C,  that  takes  the  toothed- 
whccl  D,  fixed  on  the  axis  EF,  which  at  its  other  end  carries 
the  wheel  G,  that  takes  the  pinion  H.  All  these  wheels  and 
pinions  arc  to  be  between  the  roof  and  ceiling  of  the  building. 
The  pinion  U is  fixed  to  the  perpendicular  axis  I K,  which 
goes  down  very  near  the  wall  of  the  room,  and  may  be  covered 
after  the  same  manner  as  bell  wires.  At  the  lower  end  of  the 
axis  I K,  there  is  a small  pinion  L.  that  takes  the  wheel  M,  fixed 
on  the  axis  of  the  great  wheel  N O.  In  this  wheel  there 


must  be  placed  a gTeat  number  of  stops,  corresponding  to  the 
tunes  to  be  played,  and  these  stops  arc  to  be  moveable,  that  the 
tunes  may  be  altered  at  pleasure.  Against  this  wheel  there 
must  hang  13  small  bells,  answering  to  tbc  notes  of  the  gamut. 
Therefoic,  as  the  wheel  turns  round,  the  stops  striking  against 
the  bells,  play  the  several  tunes.  But  there  should  be  a fly  to 
the  great  wheel,  to  regulate  or  equalize  its  motions,  when  the 
wind  is  strong.  The  wheel  N O may  be  enclosed  in  a case  ; 
and  of  the  several  bells,  one  may  be  a tenor,  another  a treble, 
a third  bass,  in  order  to  play  different  tunes,  according  lo  the 
' size  of  tbc  wheel : and  the  bells  being  small,  their  chimes  will 
be  the  more  pleasing,  if  they  are  cast  of  silver  alone  ; or 
glasses  may  be  used,  aud  so  disposed  as  to  move  freely  at  the 
sound  of  the  stops.  This  machinery  may  be  applied  to  a 
barrel-organ,  and  many  other  uses. 

ACRE,  the  universal  measure  of  land,  containing  4 square 
roods;  each  rood  being  40  perches,  or  16$  feet.  In  some 
places,  the  perch  or  pole  runs  from  16J  ’<2#  feet.  The  acre 

is  divided  into  10  square  chains,  of  2*2  yards  each,  i.  e.  4H-R> 
square  yards.  The  acre  in  Scotland  contains  6 square  row!.*; 
one  rood  contains  40  square  falls  ; one  square  fall  3G  square 
ells;  one  square  ell  0 feet  square,  and  73  square  inches ; one 
square  foot  144  square  inches.  The  Scots  acre  contains  also 
10  square  chains:  the  chain  24  ells,  of  100  links,  each  8^ 
inches;  and  therefore  one  square  chain  contains  10,000 square 
links.  The  French  acre,  arpent,  contains  11  English  acre,  or 
£4,450  square  feet. 

ACROMION,  io  Anatomy,  the  upper  part  of  the  shoulder 
blade. 

ACRONICAL,  in  Astronomy,  the  rising  or  setting  of  a star 
when  the  suo  is  setting, 

ACKOSPIKED,  in  malt-making,  is  the  grains  shooting  both 
at  the  root  and  hlado  end. 

ACROSTERIA,  in  Architecture,  small  pedestals  usually 
without  bases,  serving  lo  support  statues.  Also  the  sharp 
pinnacles  placed  in  ranges  about  fiat  buildings,  with  t ails  and 
balusters. 

ACROSTICHL'M,  in  Botany,  a genus  of  plants,  in  the 
class  Cryptogamia,  order  Filices. 

ACT  of  PAM.UMF.Nr.  A law  passed  by  the  two  bouses  of 
parliament,  and  sanctioned  by  the  royal  signature. 

ACTS  or  the  Apostles,  one  of  the  sacred  books  of  the  New 
Testament  written  by  St.  Luke,  about  the  (Hth  year  of  the 
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Christian  era.  Among  tlic  spurious  Act*  of  the  Apostles,  sc 
may  reckon,  1.  The  Acts  of  Ahdins.  bishop  of  Babylon ; 2.  the 
Acts  of  St.  Peter;  3.  the  Act*  of  St.  Paul ; 4.  of  St.  John  ; 6.  of 
St.  Andrew ; fl,  of  St.  Thomas ; 7,  of  St.  Philip ; and,  8,  of  St. 
Matthias. 

ACTjBA,  a plant  producing  bane-bcrrics,  whose  juice  gives 
a line  deep  black,  if  fixed  with  alum. 

ACTION,  in  Painting  and  Sculpture,  is  the  attitude  or  posi- 
tion of  the  several  parts  of  the  face,  body,  and  limbs,  to  shew 
that  the  subjects  are  really  actuated  by  the  passions. 

ACL'LER.  in  tha  Manege,  the  motion  of  n horse,  when,  in 
working  upon  volts,  he  goes  not  forward  enough  at  each  move- 
ment, so  that  his  shoulders  arc  not  advanced  enough,  and  his 
croup  comes  too  near  the  centre  of  the  volt. 

ACL'TE  Angle,  an  angle  less  than  a right  angle.  Acute- 
angled,  A.  a triangle  having  all  its  angles  acute.  Acute-angled 
cone,  a right  cone  whose  axis  makes  a right  angle  with  its 
side.  Acute  tone,  in  Music,  a lone  high  or  sharp  in  comparison 
of  some  other  tone.  Acute,  in  diseases,  such  as  conic  rapidly 
to  a crisis. 

AD  VALOREM,  in  Commerce,  according  to  value. 

ADAGIO,  in  Music,  softly,  leisurely. 

ADAMI  Pom i'M,  a protuberance  in  the  forepart  of  the 
throat,  formed  by  the  or  hgeides,  and  vulgarly  attributed  to  a 
piece  of  the  forbidden  apple  that  stuck  in  our  great  progeni- 
tor's throat. 

ADANSONIA,  a plant,  the  Ethiopian  sour-gourd. 

ADATAIS,  a very  fine  muslin  of  India. 

ADDEPHAGIA,  the  disease  of  gluttony. 

ADDER,  the  viper.  Adder-stung  ; for  the  cure  of  such 
bites,  some  use  oiutment  made  of  dragon’s  blood,  with  a little 
barley  meal  and  the  whiles  of  eggs.  Adder  wort,  the  same  as 
snakeweed. 

ADDITION,  the  joining  or  uniting  "T  two  or  more  things 
together ; or  the  finding  of  one  quantity  equal  to  the  sum  of 
any  number  of  other  things  taken  together. 

Addition,  in  Arithmetic,  is  the  first  of  the  four  fundamental 
rules  of  that  science;  ami  consists  in  finding  a number  equal 
to  several  others  taken  together ; which  number  is  generally 
called  the  sum.  Addition  is  either  simple  or  compound  ; the 
first  relates  to  quantities  which  are  all  of  the  same  kind  or 
denomination;  aud  the  latter,  to  quantities  of  different  deno- 
minations. 

Simple  Addition,  is  the  method  of  collecting  several  num- 
bers of  the  same  denomination  into  one  sum. — Rule  1.  Place 
the  number*  under  each  other,  so  that  unit*  may  stand  under 
units,  ten*  under  tens,  and  hundreds  under  hundreds,  and  so 
on ; drawing  a line  hetow  them. 

2.  Add  up  the  figure*  in  the  row  of 
units,  and  find  how  many  tens  are 
contained  in  their  sum.  3.  Set  down 
what  remain*  above  the  tens,  or.  if 
nothing  remains,  a cipher;  ami  carry 
as  many  units  as  there  arc  tens,  to 
the  next  row.  4.  Add  up  the  second 
row,  together  with  the  number  car- 
ried, in  the  same  manner  as  the  first; 

and  proceed  thus  till  the  whole  is  ■■  

finished. 

Proof  of  Addition.  Cast  up  the  several  lines  a second 
time,  omitting  one  of  them  ; and,  finally,  add  the  line  thus 
omitted  to  the  sum  of  the  oilier  quantities;  and  if  iu  this  man- 
ner the  same  result  is  obtained  as  in  the  first  operation,  it  is 
highly  probable  that  the  work  is  right.  Other  methods  of  proof 
nmv  be  seen  in  most  authors  on  this  subject. 

Compound  Addition,  is  the  method  of  collecting  several 
qiiaulilics  of  different  denominations  into  one  sum.— Rule  I. 
Place  the  quantities  so  that  those  of  the  same  denominations 
stand  directly  under  each  other ; and  draw  a line  below  them. 
2.  Add  up  the  figures  in  the  lowest  denomination,  and  find  how- 
many  units  of  the  next  higher  denomination  arc  contained  in 
their  sum.  3.  Write  down  the  remainder,  and  carry  these 
units  to  the  next  higher  denomination ; which  add  up  in  the 
same  manner  as  before;  and  thus  proceed  through  all  the  dif- 
ferent denominations  to  the  highest : and  this  sum.  together 
with  the  several  remainders,  will  give  the  answer  required. 


Ex.  1, 

Ex.  2. 

7408 

2408 

3417 

1367 

6432 

9135 

0847 

2408 

4132 

. 7623 

148!# 

0814 

28<  86  Sums 

29706 

£• 

f. 

d. 
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Example  1.  84 

13 

4 

Example  2. 

17 

1 

11 

04 

9 

iu 

16 

2 

no 

14 

9J 

13 

1 

17 

16 

71 

14 

0 

«l 

19 

13 

6k 

20 

0 

0 

26 

10 

0 

18 

2 

9 

69 

16 

8 

10 

1 

7 

42 

12 

9 

19 

0 

6 

361 

6 

2 

Sums 

136 

2 

71 

The  method  of  proof  is  the  same  as  in  the  former  rule. 

Addition  of  Fractions,  is  the  adding  into  one  sum  several 
fractions  of  the  same,  or  of  different  denominations. — Rule  I. 
If  the  fractions  are  of  different  denominations,  they  must  be 
first  reduced  to  the  same  denomination.  2.  Reduce  all  mixed 
numbers  to  improper  fractions ; and  all  fractions  having  dif- 
ferent denominators,  to  the  same  denominator.  3.  Add  all  the 
numerators  into  one  sum  ; which,  placed  over  the  common 
denominator,  will  be  the  answer  required. 

Examples. — 1.  Add  together  the  fraction  $ and  4. 

, li  , 14  , 10  „ U , 14  10  119 

,r*  ’ *""70’  '70,^""7U*  ,cn’  70  + 70**"  70  7u‘ 

2.  Required  the  sum  of  f of  a shilling,  J of  a guinea,  and  { 
of  a pound. 

} of  a guinea  = ^ of  a shilling,  i of  a pound  =:  y of  a shilling. 

Therefore,  1 J-  “ + “ = A + ^+lT=-^r=a3f*  1,1 *■ 
rz  £1.  13s  1 1 d. — For  the  method  of  reducing  the  fractions,  see 
Reduction* 

Addition  of  Decimals , is  finding  the  sum  of  several  quan- 
tities, consisting  partly  of  integers  and  partly  of  decimals,  or 
of  decimals  only, — Rule  1.  Arrange  all  the  quantities,  so  that 

Ex.  2. 
•1170 
♦1344 
744 
•1468 


the  several  decimal  points  may  fall  pyatnnt  » 
in  a lino  directly  under  each  other.  ’ 

* .1.4  #»._  i i : ♦**  17 


ID-143 
107-13 
143  6 


303  043  Sums.  1*1428 


2.  Add  up  the  several  lines  as  i 
simple  addition,  and  place  the  deci- 
mal point  in  the  result  exactly  under 
those  in  the  numbers  proposed,  nnd 
it  will  be  the  sum  required. 

Addition  of  Circulating  Decimals,  is  the  finding  the  sum  of 
any  number  of  circulating  decimals. — Rule  I.  Reduce  all  the 
decimals  to  their  equivalent  fractions ; and  the  sum  of  these 
will  be  the  fractions  required. — Rule  2.  Carry  on  the  repe- 
tends  till  they  become  conterminous;  that  is,  till  they  all  begin 
their  periods  of  circulation  in  the  same  line,  and  let  also  the 
circulation  of  each  be  carried  two  figures  beyond  this  place : 
then  add  as  above,  but  do  not  set  an>  figure  down  iu  the  first 
two  places : carry  their  proper  number,  however,  to  the  conter- 
minous period,  nnd  the  result  w ill  give  the  true  period  of  cir- 
culation in  the  sum  required. 

Example.  Add  3 0;  78  3470;  4284;  16  6 together. 


a-o  = a-ooooofio 

78-3470  = 78  347017G 


4281  = 42-8484818  48 

16-6  = 15  5000000  [ 00 


The  Sum. 


1 40  ”3027001 


Addition,  in  Algebra,  is  finding  the  sum  of  several  alge- 
braic quantities,  and  connecting  those  quantities  by  their 
proper  signs. 

Case  1.— When  the  quanti- 
ties have  like  signs,  add  all 
the  co- efficients,  and  annex 
the  common  letter  or  let- 
ters, and  prefix  the  com- 
mon sign. 


Example. 

6 a 

3«  + 2 

x — 40 

8 a 

2d  3 

x — 30 

lo  a 

12  a + 17 

* — 1MJ 

18  d 

a + 

x — 0 

42  a 

18  a -f  23 

x — 274 
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Case  2. — When  the  quantities  arc  alike,  hot  have  tinlike 
signs,  collect  the  positive 
ro-eflicients  into  one  sum, 
am)  the  negative  ones  into 
another.  From  the  greater 
of  these  sums  subtract  the 
less,  and  to  the  remainder 
prefix  the  sign  of  the  great- 
er, and  annex  the  common 
letters.  If  the  aggregate 
of  the  positive  terms  be 
equal  to  that  of  the  nega- 
tive ones,  their  sums  will  be  = 0. 

The  manner  in  which  we  generally  calculate  a person's  pro- 
perty, is  an  apt  illustration  of  this  rule.  Wc  denote  what  a 
man  really  possesses  by  positive  numbers,  using  the  sign  + ; 
whereas  his  debts  are  represented  by  negative  numbers,  or  the 
sign — , affecting  those  numbers.  When  it  is  said  of  any  one 
that  he  has  100  crowns,  hut  owes  50.  his  real  possession 
amounts  to  1(H)—  60,  or,  which  is  the  same  tiling  + 100—  60, 
that  is  to  say,  60.  And  if  he  has  In  possession  ‘JO  crowns,  but 
owes  00,  his  real  possession  amounts  to  90—20,  or  + ‘JO—  'JO 

0.  He  has  nothing  ; hut  owes  nothing.  But,  on  the  other 
hand,  if  he  owes  70  crowns,  and  has  in  his  possession  only  40, 
his  real  property  would  be  expressed  thus  — 70  + 40.  Here 
his  debt  is  represented  by  the  negative  number  — 70,  while  his 
real  possession  is  represented  by  the  positive  number  -f-  40. 
He  has  30  crowns  less  than  nothing;  and  we  might  express 
the  state  of  his  finances  — 30;  for  if  any  one  were  to  make  him 
a present  of  30  crowns  to  pay  this  debt,  or  — 30,  he  would 
only  be  at  the  point  nothing  (0),  though  really  richer  than 
when  — 30  stood  against  liis  future  prospects  and  exertions. 
Debts,  or  money  owing,  are  therefore  ns  much  real  sums  of 
money  as  credits,  and  the  sign  + , or  — , governs  the  quantity 
or  number  that  follows  it. — In  the  language  of  Algebra,  a and 
b may  stand  for  any  two  nnmbers  whatever,  and  therefore, 
<*  + 6 stands  for  a made  more  by  h.  Again,  a — b stands  for  a 
made  less  by  b ; that  is,  for  the  difference  of  a nnd  b,  (where 
b is  supposed  less  than  a.)  Now,  by  the  rule  of  Case  *J. 
« + b and  a-—  b.  added  together, make  twice  * (2  a) ; therefore 
we  derive  this  Theorem  : If  the  sum  and  difference  of  any  two 

numbers  be  added  together,  the  whole  will  be  twice  the  greater 
number  ; for  if  a + b be  added  to  0—  6,  the  sum  is  2*. 

Addition  »f  Algebraic  Fractions,  is  finding  the  sum  of  any 
number  of  fractions  expressed  by  means  of  intermediate  Id- 
ler**— Rule.  Reduce  all  the  given  fractions  to  a common 
denominator,  and  then  add  the  numerators  together  for  the 
sum  required. 

Example  1.  Add  together  OJL  4.  4- 

6i'  T 44  T 12  6* 

6a  _ 10*6  t 3 **  _ 0 «*6* . 6c  __  6c 
66*“  126*  * 46  126*  ' 12 A*  “ 126' 

10*6  On* 6*  , 5c_  _ 10*5  + 9*»6*  + 6c 

126*  + 126*  + 126*  126* 


Examples. 


1.  2. 


_ 

3x 

+ 

4 

—7*6  + 36c—  xy 

+ 

X 

— 

6 

• — *6  + 26c  + 4x$ 

5x 

+ 

1 

! 3*6 — 6c  + 2x * 

+ 

‘lx 

— 

4 

— 2*6+  4 6c  — 3 xy 

— 

4x 

+ 

13 

| 5 *6  — 8 6c  + x$ 

_ O.r  A-  9 1 —2*6  » + 3 jry 


,,  , , , c . lx  . Ax  21  a-  . 44  t_  65 r 

Example  2.  Thus  also  we  find,- — + — = \-  . — “ — — 

' 11$  3*  33  y 33$  33$ 

r > n 7r  + 4y  , Sar-fltf 7cr  + 4 ry  w 

A"rt'— uT-  + ~VbT 3.4c  x 

l_5r—  9y 7 rx  + I Ax  + 4 ry  — 0$ (7c  -f  15)x  + (4c  — P)y 

3a6c  ’ 3 *6c  3«6c 


Addition  of  Surds,  is  the  finding  the  sum  of  any  number  of 
surd  expressions,  which  arc  inexpressible  in  rational  numbers. 
— Rule.  Reduce  all  the  given  quantities  to  their  simple  form; 
then  add  the  co-efficients  of  the  equal  radicals  for  the  sum 
required.  Thus, 

\/  8 + ^/  18  = 2 N/  2 + 3 ^2=6^2 
124-  ,/  27  :=  2 x/  3 + 3>/3=a^3 
# lC8(i*+  v"32«=  3a  ^4«  + 2 y 4*=(3a  x 2)  */  4a. 


Rot*.  When  the  qnantities  are  reduced  to  their  lowest 
terms,  or  simplest  form,  and  have  different  radicals,  they  can 
only  be  added  together  by  means  of  the  sign  + placed  between  ; 
them.  Thus,  y/  18  + 108  ZZ  y/  2 + 6 y/  3.  cannot  he  rc-  j 


duccd  to  a simpler  form  than  that  above;  and  the  same  with 
various  others. 

ADDITIONS,  in  Heraldry,  are  things  added  to  arms  as 
marks  of  honour;  as  bordure,  quarter,  canton,  gyron,  pile,  kc. 

ADBNANTHKRA,  in  Botany,  bastard  flower-fence. 

ADHESION,  in  Mechanical  philosophy,  tlm  same  with 
cohesion,  denotes  that  attraction  which  takes  place  betw-een 
bodies,  only  when  they  are  at  very  small  distances  from  each 
other.  See  Cohesion. 

ADIT,  a passage,  or  entrance.  The  adits  of  mines  arc  those 
holes  or  apertures  by  which  they  are  entered,  or  bv  which 
the  ores  and  waters  are  carried  away:  and  the  adit  is  some- 
times merely  an  air-shaft. 

ADJUDICATION,  in  Scots  law,  the  name  of  the  action  by 
which  a creditor  attaches  the  heritable  estate  of  his  debtor. 

ADMINISTRATOR,  he  to  whom  the  ordinary  commits  the 
administration  of  the  goods  of  a person  deceased,  in  default  of 
an  executor. 

ADMIRAL,  a great  officer  of  the  navy;  the  commander-in- 
chief  of  a fleet. 

ADORATION,  the  act  of  performing  the  religious  worship  o! 
the  Almighty. 

ADVANCED  Ditch , in  Fortification,  that  trench  which 
surrounds  the  glacis  or  esplanade  of  a place.  Advanced  guard, 
the  first  line  of  an  anuy  ; usually  a party  of  horse  stationed 
before  thr  main  guard. 

ADYTUM,  the  most  secret  part  of  a heathen  temple. 

jEGILOPS,  the  name  of  a tumor  that  sometimes  gathers  in 
the  great  angle  of  the  eye,  either  with  or  without  inflammation. 
The  method  of  cure  is  the  same  ns  that  of  the  ophthalmia  ; but 
before  it  has  reached  the  lachrymal  passages,  it  is  managed 
like  other  ulcers.  If  the  rgilops  he  neglected,  it  bursts,  and 
degenerates  into  a fistula,  which  eats  into  the  hone. 

.EG  I PH  I LA,  in  llolany,  goat's  friend. 

J£QOPODIUM,  small  wild  angclioa,  goat  wort,  or  goat’s 
foot. 

AEOLUS,  in  Mechanics,  a small  portable  machine,  for 
refreshing  and  changing  the  air  in  rooms,  adapted  in  its  dimen- 
sions to  supply  the  place  of  a square  of  glass  in  a sash  window; 
and  executed  in  so  small  a compass,  as  to  project  but  a little 
way  from  the  sash  ; and  in  so  neat  a manner,  as  to  be  an  ele- 
gant ornament  to  the  place  where  it  is  fixed.  It  works  with- 
out the  least  noise,  requires  no  attendance,  and  occasions 
neither  trouble  nor  expense  to  keep  it  in  order.  It  throws  in 
only  such  a quantity  of  air  as  is  agreeable ; and  leaves  off 
working  of  itself  whenever  the  door  or  window  is  opened. 

A*'RA,  in  Chronology,  or  Epochs,  is  a certain  fixed  point  of 
time,  made  famous  by  some  remarkable  event,  from  which,  as 
from  a root,  the  ensuing  years  are  numbered  or  computed. 

1.  The  ifira  of  the  Creation,  according  to  the  Jewish  calcula- 
tion, is  the  year  of  the  Julian  period  963,  answering  to  the 
year  3701  before  Christ,  nnd  commencing  on  the  7th  of  Octo- 
ber. Archbishop  Usher  fixed  the  creation  of  the  world  4004 
years  before  the  birth  of  Christ. 

2.  The  JEra  of  the  Olympiads.  This  method  of  computation 
had  its  name  from  the  Olympic  games,  which  were  celebrated 
every  4 th  year,  near  the  city  of  Olympia,  in  Peloponnesus.  The 
first  Olympiad  commenced,  according  to  some  chronologers,  in 
the  year  3038  of  the  Julian  period  ; the  year  from  the  creation 
3174,  the  year  before  Christ  774.  and  24  years,  (as  some  will 
have  it  23  years.)  before  the  building  of  Rome.  The  Olympiads 
were  also  called  Anas  Iphiti,  from  Iphitus,  who  instituted,  or  at 
least  renewed,  the  solemnity  of  the  Olympic  games.  Wc  do 
not  find  any  computation  by  Olympiads  after  ihc  364th,  which 
ended  with  the  year  of  Christ  440,  except  that,  in  a charter  of 
our  king  Elhelbcrt,  the  years  of  his  reign  are  said  to  bo 
reckoned  by  Olympiads.  This  method  of  reckoning  w as  fol- 
lowed by  the  ancient  Greeks. 

3.  The  JEra  of  the  Building  of  Rome  ; which  took  place  A.M. 
(i.  c.  in  the  year  of  the  world)  3197,  and  13.  C.  (before  Christ) 
762  or  763.  This  has  also  been  called  the  Varrontan  epoch*. 
being  first  introduced  by  Terentius  Varro.  The  ancient  Roman 
historians  usually  follow  this  epoch,  which  i*  referred  to  thns, 
A.  U.  C.  (that  is.  Anno  Vrbis  Vondittt,  or  the  Yrcar  of  Building 
the  City.) 

4.  The  JEra  of  Seleueus  was  followed  by  the  Syro-Mace- 
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donians;  Seleucns  the  Great  bating  disused  the  tern  of  the  j 
Olympiads,  and  reckoned  from  the  beginning  of  his  own  reign, 
which  was  twelve  years  after  the  death  of  Alexander.  The  sera 
of  Sclcucus  commences  with  the  retaking  of  Hah)  Ion  by  1 
Selcucus  in  the  year  or  the  world  3602.  and  before  Christ  312. 

5.  The  JEr a of  Diocletian  was  introduced  in  honour  of  the 
emperor  of  that  name ; it  has  also  been  called  the  .Era  of  the  i 
Martyrs,  from  the  vast  number  of  Christians  who  were  put  to  ! 
death  during  the  Dioclcsian  persecution.  This  *ra  commenced  | 
in  (he  year  of  Christ  284,  and  was  long  followed  in  the  west. 

6.  The  Vulyar  or  OriitisN  iEVi,  (or  of  A.  D.)  This  was  not 
fully  settled  till  the  year  627;  when  Dionysius  Kxiguus,  a 
Roman  ahhot,  fixed  it  to  the  4713th  vear  of  the  Julian  period, 
which  was  four  years  too  late.  It  is,  however,  now  so  gene- 
rally received,  that  this  gross  error  in  calculation  is  disregarded. 

7.  The  Hr;/ tea,  or  Turkish  -Era , took  its  rise  from  the  false 
prophet  Mohammed’s  night  from  Mecca  to  Medina,  on 
Friday,  July  16,  A.D.  622.  It  is  a lunar  year,  beginning  with 
the  new  moon  of  that  time,  which  is  the  reason  of  the  re- 
gard for  crescents  in  the  East,  where  they  rise  on  every 
mosque.  In  order  to  know  in  what  year  of  the  vulgar  «ra 
any  given  year  of  the  Hegira  falls,  the  student  should  reduce 
the  lunar  years  into  solar  years,  and  add  the  number 
622.  Thus,  the  year  1221  of  the  Hegira  corresponds  with  the 
year  1806  of  the  vulgar  tern;  it  commenced  on  the  21st  day 
of  March,  I HOG.  and  terminated  on  the  Itth  of  March,  1807. 

8.  'The  .Era  of  the  French  Revolution, — As  this  wra  is  con- 
stantly referred  to,  by  French  writers,  during  the  period  that 
France  was  under  republican  government,  a few  particulars 
concerning  it  may  assist  the  reader's  historical  studies.  The 
a'ra  in  question  was  substituted  for  the  vulgar  or  Christian 
icra,  in  all  public  and  civil  instruments,  by  virtue  of  the  decree, 
issued  by  the  National  Convention,  on  the  5th  October,  1783. 
It  commenced  with  the  epoeba  of  the  foundation  of  the  repub- 
lic, i.r.  on  the  22d  of  September,  1782,  of  the  vulgar  »*ra;  on 
the  morning  of  which  day  the  sun  arrived  at  the  truo  autumnal 
equinox,  at  18  minutes  and  30  seconds  past  nine  o'clock. 
(Paris  time.)  In  the  new  calendar,  the  months  consisted  of 
30  days  each,  divided  into  three  decades  ; with  five  intercalary 
days  to  complete  the  year.  The  names  of  the  months  were 
adapted  to  the  climate  of  Paris,  thus:  Vcndemiaire,  or  vintage 
month ; Brumaire , or  foggy  mouth;  Frimaire,  or  sleety  month ; 
Air  arc,  or  snowy  month ; Pluviose,  or  rainy  month ; Ventote,  or 
windy  month;  Germinal,  or  budding  month  ; Floreal,  or  llowcry 
month  ; Prairial , or  meadow  month ; Mettidor , or  harvest 
month ; Thermidor,  or  hot  month ; and  Fructidor,  or  fruit 
month.  This  <cra  (the  experiment  of  an  infidel  philosophy) 
was  abolished  by  Buonaparte,  and  the  Christian  sera  recom- 
menced with  1806. 

AERIAL,  Perspective,  is  that  which'  represents  bodies 
diminished  and  weakened  in  proportion  to  their  distance  from 
the  eye;  but  it  relates  principally  to  the  colours  of  objects, 
u Inch  are  less  distinct  the  greater  the  distance  at  which  they 
arc  viewed. 

AEROLITHS,  air-stones,  a name  given  to  those  solid  semi- 
metallic  substances  which  fall  from  the  atmosphere.  The 
descent  of  such  bodies  had  been  long  reported  ; but  the  fact 
was  not  considered  authentic  till  within  a few  years:  it  is  now 
so  well  established,  that  there  is  no  longer  any  doubt  on  the 
subject,  several  cases  having  been  attested  by  eve- witnesses 
of  undeniable  veracity.  The  larger  stones  have  been  seen  as 
luminous  bodies,  moving  with  greut  velocities,  descending  in 
oblique  directions,  and  frequently  with  a loud  hissing  noise, 
resembling  that  of  a mortar-shell  when  projected  from  a piece 
of  ordnance they  arc  sometimes  surrounded  with  a flame, 
tapering  off  to  a narrow  stream  at  the  hinder  part,  arc  heard 
to  explode,  and  seen  to  fly  in  pieces.  The  velocity  with  which 
they  strike  the  earth  is  very  great,  frequently  penetrating  to  a 
considerable  depth,  and  when  taken  up.  have  been,  in  some 
cases,  found  to  be  still  hot,  and  bearing  evident  marks  of 
recent  fusion.  Such  falls  have  happened  during  a thunder 
storm,  or  when  the  sky  has  been  clear  and  serene ; whence  wc 
infei  that  these  phenomena  are  unconnected  with  the  state  of 
the  atmosphere.  The  most  remarkable  characteristics  of  these 
stones  is,  that  they  resemble  each  other ; yet  they  are  totally 
different  from  any  known  terrestrial  substance;  and  present, 
fi. 


in  all  cases,  the  same  appearance  of  semi -metallic  matter, 
coated  on  (he  outside  with  a thin  black  incrustation.  It  is  not, 
however,  in  appearance  only  that  their  similarity  is  discovered  ; 
they  have  been  submitted  to  chemical  analysis,  in  all  cases 
yielding  the  Mime  substances,  and  in  very  nearly  the  same 
proportions.  The  stone  which  fell  at  I/Aiglo  in  France,  in 
1803,  was  found  to  coutain  54  parts  of  silica;  3G  of  axyde  of 
iron;  9 of  magnesia ; 3 of  oxydeof  nickel;  2 of  sulphur;  I of 
lime.  And  all  that  have  been  analyzed  have  given  nearly  the 
same  results.  The  specific  gravity  of  these  bodies  is  also 
nearly  the  same,  exceeding  common  stone,  and  approarhiug 
that  of  metallic  ores,  being  about  3.490,  or  nearly  3J  times 
that  of  common  water.  These  general  constant  characters 
indicate  a common  origin,  and  hypotheses  have  been  advanced 
to  account  for  these  singular  phenomena.  Some  attribute 
them  to  teriestrial,  and  others  to  lunar,  volcanoes  ; they  have 
again  been  supposed  to  be  concretions  formed  in  the  regions 
of  our  alniospht'te ; while  others  have  considered  them  as  small 
planets  rimilating  about  the  sun  or  earth,  which  coining  in 
contact  with  our  atmosphere,  take  lire  from  the  resistance  and 
friction  they  experience  in  passing  through  it. 

With  regard  to  the  first  supposition,  viz.  that  these  slones 
proceed  from  terrestrial  volcanoes,  it  will  lie  suSicit  nt  to 
observe,  that  no  remarkable  eruption  has  been  known  to  have 
happened  at  or  near  the  time  of  their  fall,  and  that  such  bodies 
have  been  found  at  the  distance  of  some  thousand  miles  from 
any  known  volcano;  besides,  the  immense  force  that  would  he 
necessary  to  project  bodies,  some  of  them  of  many  hundred 
weight,  to  so  great  a distance,  far  exceeds  any  force  that  wc 
can  conceive  to  arise  from  volcnuic  eruptions. — As  to  the 
theory,  that  they  proceed  from  volcanoes  in  the  moon,  it  has  a 
greater  degree  of  probability.  The  same  force  that  w ould  pro- 
ject a hotly  from  the  moon  to  the  earth,  would  not,  if  it  were 
exerted  at  the  earth’s  surface,  send  the  same  body  to  the  dis- 
tance of  ten  miles;  in  consequence  of  the  superior  gravity  of 
our  plAnet,  and  the  density  of  the  atmosphere.  It  is  computed, 
that  a body  projected  from  a favourable  spot  on  the  moon’s 
surface,  say  the  centre  of  her  disc  opposite  the  earth,  wi'.h  a 
velocity  about  four  times  that  commonly  givon  to  a cannon 
bull,  or,  8220  feet  per  second,  would  carry  it  beyond  the  centre 
of  attraction,  and  consequently  into  the  sphere  of  the  earth’s 
activity  ; whence  it  must  necessarily  either  fall  to  the  suifaec 
of  the  earth,  or  circulate  about  us  us  it  satellite.  The  time  a 
body,  so  projected,  in  its  passage  from  the  moon  to  the  earth, 
would  take  three  days;  which  is  not  so  long  bill  that  it  might 
retain  its  heat,  particularly  as  it  is  doubtful  whether  in  passing 
through  a vacuum,  or  very  attenuated  medium,  it  would  be 
possible  for  the  caloric  to  escape,  not  to  say  that  it  might 
acquire  a fresh  accumulation  of  beat,  by  passing  through  the 
denser  parts  of  our  atmosphere.  Besides,  eruptions,  resem- 
bling those  of  our  volcanoes,  have  been  frequently  observed  in 
the  moon,  and  her  atmosphere  is  extremely  rare,  presenting 
but  little  resistance  to  projected  bodies:  it  will  then  be  seen 
that  this  hypothesis,  though  apparently  extravagant,  is  much 
more  probable  than  the  one  wc  before  examined. — With  regard 
to  the  theory  of  these  bodies  being  concretions  formed  in  the 
air.  there  is  otic  principal  objection,  vis.  that  the  velocity  with 
which  they  strike  the  earth,  estimated  by  the  depth  to  which 
they  have  been  known  to  penetrate,  If  so  great  as  to  indicate 
their  having  fallen  from  heights  far  exceeding  the  limits  of  the 
terrestrial  atmosphere. — It  only  remains  to  notice  the  supposi- 
tion of  their  being  little  planets,  which  in  the  course  of  their 
revolutions  get  entangled  in  our  atmosphere,  and  by  the  resist- 
ance they  experience,  have  their  projectile  velocity  destroyed, 
which  brings  them  to  the  earth.  On  this  hypothesis  it  is  dilli- 
cult  to  account  for  the  strong  appearance  of  recent  fusion  that 
these  bodies  possess,  which  can  hardly  be  attributed  to  the 
friction  experienced  in  passing  through  the  medium  of  our  air. 
Besides,  it  would  exhibit  the  first  mark,  which  any  v.  here 
appears,  of  want  of  order,  uniformity,  and  durability,  in  the 
works  of  the  Deity  : to  have  this  grand  machine  thus  falling 
to  pieces  and  to  decay,  from  the  mere  operation  of  external 
causes,  but  ill  accords  with  that  wisdom,  power,  and  omni- 
science, which  are  so  strongly  indicated  in  all  the  works  n|  the 
creation.  The  difficulties  however,  arc  fairly  stated,  and  tho 
reader  of  court*  will  draw  his  own  conclusions 
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The  following  is  an  ABSTRACT  of  a TabLR,  dr«wn  up  by  M.  IziRK,  a Philosopher,  who  has  paid  great  attention  to  this  t abject ; it 
exhibit!  a collection  of  the  beet  authenticated  modern  instances  of  these  phenomena. 


SUBSTANCES. 


PLACES  WHERE  THEY  PELL.  PERIOD  UP  THEIR  PALL. 


TESTIMONY. 


Shower  of  stones 

Shower  or  stones  

Shower  of  iron 

Shower  of  mercury  

A very  large  stone  ......  

Three  large  stones  

Large  stone  of  2()0lb 

Mass  of  iron,  1-4  quint. 

About  1200  stones;  one  of  1201b, 

another  of  001b 

Stone  of  60il>  

Two  large  stones 

Stone  of  721b 

Shower  of  sand  for  15  hours 

Shower  of  stones  

Shower  of  stones  

A stony  mass  

Two  stones  of  200  and  3001b 

A stone  of  ?)tfc 

A stone 

A stone 

Great  shower  of  stones 

Twelve  stones 

A stone  of  56lb 

A stone  of  101b 

A stone  of  20lb 

Shower  of  stones 

A stone  of  201b 

Mass  of  iron,  70  cub.  ft.  ........... 

Several  stones,  from  10  to  17lb. .... 


. ..  .at  Rome .Tullius  Hostilius Livy. 

....  at  Rome  Cons.  C.  Mar.  and  M.  Torq..  .J.  Obscquens. 

. . . .in  Lucania Age  of  Crassus  lJliny. 

, ...  in  Italy unknown Dion. 

...  .near  the  river N egos, Thrace,  .second  year  78  Olympiad. . . . Pliny. 

...  .in  Thrace before  Christ  452 Ch.  of  Count  Marcellin. 

Ensisheim.  Upper  Rhine November  7,  141/2 Rutenschoen. 

....Abakank,  Siberia very  old .Pallas,  Chladni,  Ac. 

| * Padua,  In  Italy in  1510 Cardan,  Yascit. 


...On  Mount  Vaiscr  Province . .November  27, 1027. 

• ..Ireland  in  1605  

...Macedonia January,  1706  . . . . . 

...in  the  Atlantic April  6,  1700 

.. . Uarhoutan.  near  Roquefort.  -July,  17M 

. . .at  Plann.  llohemia. July  3.  1753 

...Niort,  in  Normandy in  1750 

. . .near  Verona in  1702 

...at  Luce,  in  Lc  Maine September  13,  1768 

...at  Aix,  in  Artois in  1768  

. . .in  La  Contentin. in  1768 

...Environs  of  Agcu July  24.  1790 

. ..Sienna,  Tuscany July,  1794 

. . .Wold  Cottage,  Yorks. Deermber  13,  1795. 

...in  Portugal February  19,  1796., 

I ' 8 Rb«™  !’.“r!B,“‘ ,°f.  .‘h?  I ’ ' «*•"*  »».  in* .. . . 

♦ ...Benares,  East  Indies December  19,  1798. 

...  .Sales,  near  Villa  Francho March  12,  1798  .... 

America. April  5,  1800...... 

. . . .near  I'Aiglc,  Normandy April  26,  1803 


.Gassendi. 

. Musschenbroeck. 

. Paul  Lucas. 

. Pfrc  la  Feuillfe, 

. Pared,  jun.  Lomrt,  &c. 

. B.  de  Born. 

. De  Lalande. 

. Acad,  de  Bourd. 

. Ilachelay. 

.Gurson  de  Boyaval. 

. Morand. 

.St.  Amand,  Haudin,  &c. 
.Earl  of  Bristol. 

.Captain  Topham. 

■ Southey. 

.De  Dr6o. 

.Lloyd  Williams,  Esq. 

. Ze  Urie. 

.Philosophical  Magazine. 
.Fourcroy. 


AEROGRAPH  Y,  a description  of  the  air,  or  atmosphere,  as 
to  its  limits,  dimensions,  properties,  kc. 

AEROMETRY,  the  science  of  measuring  the  air,  its  powers, 
and  properties ; including  the  laws  of  motion,  gravitation, 
pressure,  elasticity,  refraction,  condensation,  kc.  of  the  atmo- 
spheric fluid.  See  PviOUTlOi 

AERONAUT,  a person  who  floats  aloft  in  the  air  in  a 
balloon. 

AEROSTATION,  the  art  of  navigating  the  air,  both  in  its 
principles  and  practice,  in  aerostatic  machines,  or  air  balloons. — j 
No  discovery  was  ever  made,  which  drew  after  it  more  general 
admiration,  or  excited  more  extravagant  hopes,  than  the  art 
of  aerostation  ; yet,  after  the  lapse  of  40  years,  slender  indeed 
have  been  the  additions  made  to  science  by  its  discoveries, 
while  humanity  has  had  to  mourn  over  the  loss  of  several  indi- 
viduals of  spirit  and  enterprise. 

The  Principles  of  Aerostation  are  simply  these: — 1.  Any 
body  which  is  specifically  lighter  than  the  air,  bulk  for  bulk, 
will  be  buoyed  up  by  it,  and  ascend,  till  it  enters  a stratum  of 
the  atmosphere  in  which  the  weights  are  equal,  and  then  it  will 
remain  stationary,  or  float  horizontally,  or  descend.  An  air 
balloon,  then,  is  a machine,  the  whole  mass  of  which  is  of  less 
specific  gravity  than  the  air  in  which  it  rises.  2.  Heat  rarefies, 
expands,  and  lessens  the  specific  gravity  of  air.  till  its  weight  is 
proportional  to  the  heat ; and  435  degrees  of  heat  will  jnst 
double  the  bulk  of  a volume  of  air.  If.  therefore,  the  air 
enclosed  in  any  kind  of  covering  be  heated,  and  consequently 
dilated,  to  such  a degree  as  that  the  excess  of  the  weight  of  an 
equal  bulk  of  common  air  above  the  weight  of  the  heated  air, 
is  greater  than  the  weight  of  the  covering  and  its  appendages, 
this  whole  muss  will  ascend  in  the  atmosphere  ; till,  by  the 
cooling  and  condensation  of  the  included  air,  or  the  diminished 
density  of  the  surrounding  fluid,  it  becomes  of  the  sume  spe- 
cific gravity  with  the  air  in  which  it  floats,  and  withoat  renewed 
heat  it  will  then  gradually  descend.  If,  instead  of  heating  com- 
mon air,  enclosed  in  any  covering,  and  thus  diminishing  its 
gravity,  the  covering  be  filled  with  an  clastic  fluid  lighter  than 
atmospheric  air,  so  that  the  excess  of  the  weight  of  an  equal 
bulk  of  the  latter,  above  that  of  the  enclosed  elastic  fluid,  be 


greater  than  the  whole  burden  of  the  machine  with  its  accom- 
paniments, the  whole  mass  will  mount  into  the  air,  as  in  the 
former  case,  and  continue  to  rise  in  it  till  it  attains  an  alti- 
tude at  which  the  surrounding  air  is  of  the  same  specific  gravity 
with  itself. 

Inflammable  Air,  for  balloons,  is  obtained  by  applying  acids 
to  metals  ; or  subjecting  animal,  vegetable,  and  mineral  sub- 
stances in  a dose  vessel,  to  a strong  heat ; or  by  transmitting 
the  vapour  of  certain  fluids  through  red-hot  tubes  ; or,  finally, 
from  carburettcd  hydrogen  gas,  which  is  nothing  more  than 
the  smoke  of  coal  purified.  In  the  first  of  these  methods,  iron, 
zinc,  and  vitriolic  acid,  are  the  materials  most  commonly  used : 
the  vitriolic  acid  must  be  diluted  with  about  five  or  six  parts 
of  water.  Iron  may  be  expected  to  yield,  in  the  common  way, 
about  1700  times  its  own  bulk  in  gas:  or  4)  ounces  of  irou. 
the  liko  weight  of  oil  of  vitriol,  and  22|  ounces  of  water,  will 
produce  one  cubic  foot  of  inflammable  air:  six  ounces  of  zinc, 
and  an  equal  weight  of  oil  of  vitriol,  and  30  ounces  of  water, 
are  necessary  for  producing  the  same  quantity.  It  is  more 
proper  to  ose  the  turnings  or  ohippings  of  great  pieces  of  iron, 
than  the  filings  of  that  metal ; because  the  heat  attending  the 
effervescence  will  be  diminished,  and  the  diluted  acid  will 
pass  more  readily  through  the  interstices  of  the  turnings  when 
they  arc  heaped  together,  than  through  the  filings,  which  stick 
closer  to  one  another.  The  weight  or  the  inflammable  gas  thus 
obtained  in  the  common  way,  by  means  of  acid  of  vitriol,  is 
generally  about  one-aeventh  of  the  weight  of  common  air ; but 
with  the  necessary  precautions  for  philosophical  experiments, 
it  will  be  less  than  one-tenth  of  the  weight  of  the  same  fluid. 
The  other  elastic  fluids  that  are  generated  with  the  inflam- 
mable air,  may  be  separated  from  it  by  passing  the  inflam- 
mable air  through  water  in  whirli  quicklime  has  been  dis- 
solved ; the  water  will  absorb  these  fluids,  cool  the  inflam- 
mable air,  and  prevent  its  over-heating  the  balloon  when  it  is 
introduced  into  it.  But,  at  a much  cheaper  rate,  gas  for  bal 
loons  may  be  had  from  pit-coal,  asplialtum,  amber  rock  oil,  oak, 
and  other  minerals.  A pound  of  pit-coal  exposed  to  a red  heat, 
yields  3 cubic  feet  of  gas  : or,  according  to  Glegg's  improve- 
ments, one  chaldron  of  Wallscttd  coals  will  yield  25,000  cubio 
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feet  of  gas ; and  the  specific  gravity  of  this  gas  is  0*565,  atmo- 
spheric air  being  1* ; though,  in  sonic  books,  you  are  told  pit 
coal  gas  weighs  only  | of  common  air. 

To  Make  the  Gas  for  Balloons. —Small  balloons  may  be 
filled  with  gas,  aftcT  passing  it  through  water.  See  the  an- 
nexed apparatus,  fig.  17.  A It 
a bottle  that  contains  the  In- 
gredients mentioned  above.  B, 

C,  is  a tube  which  convey* 
the  gas  through  the  water  in 
the  bottle  I>.  In  the  cork  at 
B,  another  lulie  allows  the  gas  E 
to  pass  into  the  balloon ; or 
two  small  casks  may  be  used 
in  place  of  bottles. — Another 
method  for  producing  the  hy- 
drogen gas  is  represented  in 
fig.  18.  ABC  is  a vessel  of 
clay  or  iron,  into  which  the 
materials  yielding  the  gas  are 
introduced,  so  as  to  occupy 
4~&tbs  of  its  cavity.  This  ves- 
sel is  subjected  to  the  action 
of  fire,  if  it  contain  coal ; the  ga* 

C D,  and  also  through  the  water  in  tl 

Balloon  Gas  Apparatus. 


vessel  E F,  to  the  upper  apertwe  of  which  the  balloon  O is  tied 
to  receive  the  gas.  The  fire  should  be  at  a considerable  dis- 
tance from  the  tub  H.  that  the  inflammable  air,  if  any  escape, 
mav  not  explode  and  do  mischief. 

The  old  apparatus  for  filling  an  inflammable  air  balloon  of 
the  largest  dimensions,  is  represented  in  fig.  10.  A,  A are  two 
tubs,  or  gasometers,  about  three  feet  in  diameter  and  nearly 
two  feel  deep,  inverted  in  larger  tabs ; at  the  bottom  of  each 
of  the  inverted  tubs  there  is  a bole,  to  which  is  adapted  a tin 
tube.  K,  about  seven  inches  in  diameter,  and  seven  or  eight 
inches  long.  To  these  tubes  the  silken  tubes  of  the  balloon 
arc  tied.  Each  of  the  tubs,  B,  is  surrounded  by  several  strong 
casks,  so  regulated  in  number  and  capacity,  as  to  be  less  than 
half  full  when  the  materials  are  equally  distrihated.  In  the 
top  of  each  of  these  cask*  are  two  holes;  and  to  one  of  the 
holes  is  adapted  a tin  tube,  formed  so  as  to  pass  over  the  edge 
of  the  tub  B,  and  through  the  water,  and  to  terminate  with  its 
aperture  under  the  inverted  tub  A.  The  other  hole,  which 
serves  for  supplying  the  cask  with  materials,  is  stopped  with  a 
wooden  plug-  These  tin  tubes  may  be  about  three  inches  and 
a half  diameter,  and  the  other  holes  may  be  smaller.  Two 
masts,  with  a rope,  Sec.  are  used  for  this  machine,  although 
they  are  not  absolutely  necessary ; because  the  balloon,  by 
means  of  a narrow  scaffold,  or  other  contrivance,  may  be 
elevated  five  or  six  feet  above  the  level  of  the  tubs  A,  A. 
When  the  balloon  is  to  be  filled,  the  net  is  put  over  it,  and 
suspended  as  exhibited  in  C D F : and  having  expelled  all  the 
common  air  from  it,  its  silk  tubes  are  fastened  round  the  tin 
tubes  E E,  and  the  materials  in  the  casks  arc  properly  propor- 
tioned, the  iron  being  first  put  in,  then  the  water,  and  lastly 
the  vitriolic  acid.  The  balloon  will  soon  be  inflated  by  the 
inflammable  air.  and  support  itself  without  the  aid  of  the  rope 
G H,  As  the  filling  advances,  the  net  is  adjusted  round  it ; the 
cords  proceeding  from  the  net  are  fastened  to  the  hoop  M N • 
the  boat,  IK,  is  suspended  from  the  hoop  MN,  and  every 
thing  necessary  for  the  voyage  is  deposited  in  it.  When  the 
balloon  is  a little  more  than  three-quarters  full,  the  silken 
tubes  are  separated  from  the  tin  tubes,  and  their  extremities 


being  tied,  they  are  placed  in  the  boat.  Finally,  when  the 
aeronauts  are  seated  in  the  boat,  the  lateral  ropes  are  slipped 
Fig.  19. 


of  inflammable  air  as  is 
necessary  for  a balloon 
of  30  feet  in  diameter, 
whose  capacity  is  14,137 
cubic  feet,  there  will  be 
required  about  3900  lbs 
of  iron  turnings  3900  lbs 
of  vitriolic  acid,  and 
19.500  lbs  of  water,  with 
which  the  balloon  will 
not  be  above  three-quar- 
ters full.  The  usual  way 
uow  of  filling  a balloon 
with  the  carbonated,  or 
carburetted,  hydrogen 
gas,  tbo  same  as  the 
streets  are  lighted  with, 
is  to  introduce  it  through 
any  service  pipe  into  the 
balloon,  from  any  of  the 
station  pipes  connected 
with  the  gasometer  of 
any  of  the  great  gas 
manufactories  in  the. 
neighbourhood  of  the  aeronaut's  ascent.  Of  course,  all  the 
apparatus  of  casks,  Ac.  is  done  away  with  : but  some  degree 
of  caution  is  requisite  in  managing  the  machine  when  alloat, 
and  highly  elevated  ; for  should  the  larger  valve  in  the  top  of 
the  balloon  be  opened  by  the  aeronaut  in  place  of  the  smaller 
one,  as  unfortunately  was  done  by  the  late  Mr.  Harris,  too 
much  gas  may  escape,  and  the  vehicle  be  precipitated  with 
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great  velocity  perpendicularly  to  the  ground.  Mr.  Harris 
ascended  from  the  City-Road,  London,  May  26,  1824,  and  in 
the  neighbourhood  of  Croydon,  Surrey,  his  balloon  came 
rapidly  to  the  ground,  from  his  having  pulled  the  cord  of  the 
larger  in  place  of  that  of  the  smaller  valve,  to  descend  ; and  he 
was  killed  on  the  spot.  His  fair  companion,  a young  lady, 
was  very  much  injured  by  the  fall. 

CViutrMrfH'n  of  Unlloi/ns. — The  balloon  itself  is  composed  of 
gores  of  silk.  fig.  21,  covered  with  caoutchouc  varnish,  and 
robably  30  feet  diameter.  A net  is  spread  over  the  whole 
cmispbertcal  surface.  To  this  a car  or  boat  is  suspended  by 
ropes,  so  as  to 
hang  a few  feet 
below  the  bal- 
loon ; and  in  or- 
der to  prevent  the 
bursting  of  the 
machine,  a valve  is  placed  in  it;  sometimes  two  valves,  one 
within  the  other,  to  allow  the  gas  to  escape  when  the  aeronaut 
wishes  to  descend.  The  basket  may  be  8 feet  long,  4 wide, 
and  3|  deep,  of  wickerwork  ; and  the  weight  of  the  whole 
apparatus  about  6J  cwt.  including  the  voyager. — The  conduct 
of  balloons  has  been  attempted  to  be  placed  under  the  power 
of  the  aeronaut,  by  means  of  wings  or  oars,  fig.  22.  Blanchard 
used  this  sort  of  wing 
of  silk,  stretched  upon 
cane,  and  used  edge- 
wise in  the  direction 
in  which  the  balloon  ia 
driven.— Lunardi  tried 


shutters  of  silk,  or  rather  valves,  a,  b,  c,  as  fig.  23,  to  open  on  one 
side  only,  and  be  moved  on  . 

the  flat  side  in  the  direction  in  "P25-  - * 

which  the  machine  is  impel- 
led. But  the  aeronaut  has 
little  or  no  power  over  the 
machine  when  it  is  suspended 
in  the  air. — Baldwin,  who  ascended  from  Chester  in  1786,  com- 
pares the  sensation  of  ascending  to  that  of  a strong  pressure 
from  the  bottom  of  the  car  upwards  against  the  soles  of  the 
feet.  At  the  distance  of  one  mile  he  fancied  he  had  gone 
seven.  The  river  Dee  appeared  red,  the  city  diminutive,  the 
town  blue,  and  all  reduced  to  one  grand  enchanting  level  - the 
clouds  seemed  a sea  of  fleecy  cotton,  the  thunder-clouds  like 
the  dense  smoke  of  cannon.  The  shadow  of  the  balloon  upon 
the  white  floor  of  clouds,  was,  at  times,  no  bigger  than  an  egg ; 
at  others,  greatly  increased,  and  surrounded  with  the  most 
captivating  iris  or  ruinhow.  At  four  miles  high  the  air  was 
warmer  than  on  earth : the  sun  was  hottest  when  the  balloon 
was  stationary  .--Mr.  Sadler,  who,  in  the  summer  of  1824, 
ascended  from  Liverpool,  erected  an  extensive  apparatus  for 
filling  his  balloon  with  gas,  of  a nualitv  sufficiently  buoyant  to 
bear  up  more  than  the  usual  weight.  The  apparatus  consisted 
of  a large  boiler,  healed  by  two  furnaces,  and  a number  of 
cylindrical  retorts,  communicating  by  pipes,  leading  to  a gene- 
ral conduit ; — the  w hole  being  on  the  principle  of  simply  decom- 
posing water  by  means  of  heated  iron  filings,  borings,  and 
turning*.  The  balloon  was  31  feet  diameter,  by  42  feet  high, 
covered  with  660  square  yards  of  silk,  containing  28,000  cubic 
feet  of  gas,  which  would  raise  12  cwt.  from  the  earth.  The 
balloon  arose  at  3 p.  m.  and  took  a S.E.  course  towards  Ches- 
ter, near  which  place  it  descended  between  6 and  6 p.  m.  The 
mountains  of  Wales  were  visible  to  Mr.  Sadler  and  his  com- 
panion; hut  the  sea  was  hid  by  clouds. — On  the  14th  of  June, 
1824,  Messrs.  Green  and  Sparrow  ascended  from  the  gas- 
works of  Oxford,  about  3 p.  rn.  The  balloon  travelled  22  miles 
towards  Henley,  where  it  was  brought  down.  Mr.  Sparrow  was 
thrown  out  of  the  car,  when  the  balloon  came  first  in  contact 
with  the  earth,  but  received  no  injury. — A Mr.  Graham  and  his 
wife,  about  the  same  period,  ascended  from  London,  and 
descended  about  1 1 miles  fiom  Brighton,  after  a voyage  of 
1 hour  and  20  minutes,  without  experiencing  any  accident. — 
Since  the  above  was  written,  poor  Sadler  was  killed  in  one  of 
bis  enterprising  voyage*. 

iCSCULUS,  in  Botany,  borse-chesnul.  which,  a*  a powder, 
excites  sneezing:  infused,  it  is  good  for  complaints  in  the 


head  and  eyes.  The  bark  of  the  tree  is  considered  a good 
febrifuge. 

ESTIVAL,  belonging  to  summer,  as  the  sestival  solstice, 
sign,  Ace. 

ESTHER,  in  Chemistry,  a tight,  volatile,  and  very  inflam- 
mable liquid,  produced  by  distillation  of  acids  w ith  spirits  of 
wine.  The  too  frequent  use  of  wither  is  very  injurious  to  the 
nervous  system  ; yet  many  people  take  it  freely. 

vKTHUSA,  fool’s  parsley,  possesses  poisonous  qualities. 

AET1TES,  eagle  stones,  flinty  ernstated  pebbles,  of  a yellow 
colour,  hollow  within,  and  containing  a nucleus,  which  rattles  if 
the  stone  be  shaken. 

AFFERERS,  in  Law,  persons  appointed  in  courts  lert, 
courts  baron,  Ate.  to  settle  the  fines  upon  those  who  have  been 
guilty  of  faults  arbitrarily  punishable. 

AFFETTUOSO,  or  Con  A ffietto,  in  Music,  whatever  is  played 
in  a moving  style. 

AFFIDAVIT,  in  Law,  an  oath  in  writing,  sworn  before  a 
competent  anthority. 

AFFINITY,  in  Chemistry,  is  that  power  which  tends  con- 
tinually to  bring  particles  of  substances  together  which  arc 
disunited,  and  which  retains  in  connection,  with  more  or  less 
force,  those  already  in  a state  of  combination.  When  olive 
oil  and  water  are  shaken  together,  they  refuse  to  act  upon 
each  other,  and  separate  according  to  the  order  of  their  den- 
sities, the  oil  swimming  above  the  water.  Oil  and  water  will 
not  mix  intimately ; they  will  not  combine;  and  are  said  to  have 
no  chemical  attraction  or  affinity  for  each  other.  But  if  oil 
and  soap  lees,  or  solution  of  potash  in  water,  be  mixed,  the 
oil  and  the  solution  blend  together,  and  a species  of  soap  will 
be  formed,  which  may  be  procured  as  a soft  solid  substance 
by  evaporating  a part  of  the  water.  This  is  an  instance  of  com- 
bination ; and  solution  of  potash  and  oil  arc  said  to  attract  cacti 
other  chemically,  or  to  have  an  affinity  for  each  other.  A 
spoonful  of  salt,  thrown  into  a vessel  of  water,  diffuses  itself 
through  the  whole  of  the  fluid,  and  the  salt  is  combined 
with  the  water ; the  water  and  the  salt  have  an  affinity  for  each 
other,  and  cannot  be  separated  by  any  mechanical  means:  hot 
if  another  substance  be  introduced,  to  which  water  has  r 
greater  affinity  than  it  has  to  the  salt,  it  will  quit  the  salt,  to 
unite  to  this  third  substance.  If  alcohol  be  the  third  body, 
the  water  will  leave  the  salt  to  join  the  spirit;  and  the  salt, 
by  its  superior  gravity,  will  be  precipitated  in  the  vessel. 
Alcohol  will  dissolve  camphor,  and  the  fluid  be  perfectly  clear, 
which  is  another  instance  of  chemical  combination  ; the  two 
substances  have  a strong  affinity  for  each  other:  but  the  spirit 
has  a still  stronger  affinity  for  water  than  for  the  camphor; 
and  if  a little  of  that  fluid  be  added  to  the  solution,  the  cam- 
phor will  fall  down  in  flakes,  that  is,  in  a solid  form.  Differ- 
ent bodies  unite  with  different  degrees  of  force ; and  hence, 
one  body  is  capable  of  separating  others,  from  certain  combi- 
nations : and  in  consequence  of  the  same  circumstance,  mutual 
decoinposi lions  of  different  compounds  take  place.  This  ha* 
been  calk'd  double  affinity,  or  complex  chemical  attraction.  Thus, 
if  an  aqueous  neutral  solution  of  lime  and  nitric  acid,  and  n 
like  solution  of  magnesia  and  sulphuric  acid,  be  mixed  toge- 
ther, the  lime  will  quit  the  nitric  acid,  to  unite  to  the  sulphuric 
acid,  and  the  magnesia  will  leave  the  sulphuric  acid,  to  com- 
bine with  the  nitric  add.  The  combination  of  nitric  acid  and 
magnesia  will  remain  in  solution ; but  the  compound  of  lime 
and  sulphuric  acid,  being  only  slightly  soluble  in  water,  will,  for 
the  most  part,  be  precipitated  in  the  form  of  a white  powder. 
Every  substance  has  its  peculiar  affinities  to  the  various  other 
substances  presented  to  it.  If  all  bodies  had  the  same  degree 
of  affinity  with  each  other,  no  change  could  take  place  amongst 
them ; and  wc  should  not  be  able  to  displace  any  principle  by 
presenting  one  body  to  another.  It  is  in  consequence  of  this 
difference  in  tire  affinities,  that  all  chemical  decompositions  aro 
affected  ; and  all  the  operations  of  nature  and  art  arc  founded 
upon  it.  flcncc  arises  the  terms,  txmple  affinity,  double  affinity, 
Ate.  Two  principles  united,  and  then  separated  by  means  of 
a third,  afford  an  example  of  simple  affinity : it  consists  in  dis- 
placing one  principle  by  the  addition  of  a third.  The  body 
disengaged  is  called  the  precipitate ; the  substance  used  In 
separate  the  compound,  is  called  the  precipitant.  An  alkali 
precipitates  metals  from  thrir  solutions.  Sometimes  the  new 
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oomponnd  itself  is  precipitated,  as  when  the  vitriolic  arid  is 
poured  on  a solution  of  the  muriate  of  lime.  At  other  times, 
the  disengaged  body,  and  the  new  compound,  arc  precipitated  . 
together,  as  when  Epsom  salt  is  dissolved  in  water,  and  pre- 
cipitated by  means  of  lime  water.  The  compound  of  two  I 
principles  cannot  be  destroyed  either  by  a third  or  fourth  body 
separately  applied:  but  if  those  two  bodies  be  united,  anil 
then  brought  into  contact  with  the  same  compound,  a decom- 
position will  take  place.  This  phenomenon  constitutes  double 
affinity,  as  when  vitriolated  tartar  is  decomposed  by  nitric  acid 
combined  with  lime. 

AFFIRMATION,  in  Law,  an  indulgence  allowed  to  the  peo- 
ple denominated  Quakers:  giving  them  the  privilege  of  depos- 
ing upon  their  mere  word  of  honour,  what  other  sects  must 
attest  upon  oath.  If  the  Quaker  in  this  perjures  himself,  he 
suffers  accordingly. 

AFFRONTER,  in  Heraldry,  an  appellation  given  to  animals 
fronting  one  another  in  an  escutcheon. 

AFRICA,  [jl/dp,]  one  of  the  four  great  divisions  of  the 
earth,  extending  from  north  to  south  about  70°,  or  4200  geo- 
graphical miles.  This  vast  continent  occupies  about  00°  of 
longitude,  or  4140  geographical  miles.  It  is  divided  into 
Abyssinia.  Egypt,  the  Mahometan  States  in  the  North,  the 
Western  Coast,  the  Cape  of  Good  Hope,  and  the  countries  on 
the  Eastern  shores.  The  islands  are.  Madagascar,  Bourbon, 
Mauritius,  Kerguelen's  Land,  St.  Helena,  the  islands  of  Cape 
Verd,  the  Canaries,  and  Madeira.  The  ruling  religion  is 
Mahommetaninm.  The  climate  in  the  north  is  hot,  in  (he  south 
temperate.  We  know  of  no  navigablo  rivers  and  lakes  that 
can  diffuse  commerce  from  the  shores  to  the  centre  of  Africa. 
The  chief  rivers  are  the  Nile,  the  Niger,  the  Senegal,  the  Zahir 
of  Congo,  and  the  Zambezi  of  Mocaranga.  The  mountains 
are  those  of  Allas,  Abyssinia,  and  the  Cape.  And  the  great 
desert  of  Zaara  stretches  from  the  shores  of  Africa  to  the  con- 
fines of  Egy  pt,  in  length  26TK)  geographical  miles,  by  a breadth 
of  720 ; and  though  interspersed  with  fertile  spots,  it  is  a vast 
ocean  of  sand,  that  defies  every  exertion  of  human  industry. — 
[N.B.  The  geographical  portion  of  this  Dictionary  is  from  one  of 
the  Editor’s  own  works— the  Grammar  or  Geography.] 

Abyssinia,  is  bounded  on  the  north  and  west  by  the  moun- 
tains and  forests  of  Kordofan  and  Scnnaor ; on  the  south, 
deserts  and  mountains  separate  it  from  Gingiro  and  Alaba, 
and  the  Red  Sea  skirts  its  eastern  margin.  It  is  divided  into 
the  provinces  of  Tigri,  Gojam,  Dembea,  and  Gondar,  the  capi- 
tal. The  religion  is  the  Christian ; the  population  may  amount 
to  three  millions  ; and  the  government  is  absolute  and  heredi- 
tary monarchy.  The  climate  is  greatly  diversified ; for  from 
April  to  September  there  are  heavy  rains,  and  though  the  six 
following  months  be  dry,  the  nights  arc  cold.  No  country  can 
match  Abyssinia  in  mountains  and  detached  precipitous  rocks. 
The  African  Alps  are  crowned  with  eternal  snow,  and  from 
those  of  Kumri,  issue  the  unexplored  sources  of  the  Nile.  The 
ehief  lake  is  that  of  Tzana,  called  also  Dembea,  and  lakes 
Zawaja  and  Haik.  The  horses  of  Abyssinia  are  small,  but 
spirited  ; cattle  and  buffaloes  are  numerous  ; the  elephant, 
the  rhinoceros,  the  lion,  the  panther,  the  Camelopardalis,  are 
met  will) ; hywnas  infest  Gondar  at  night;  wild  boars,  gazelles 
or  antelope*,  and  monkeys,  swarm  in  the  woods;  the  lakes 
and  rivers  abound  in  hippopotami  and  crocodiles. 

Egypt,  celebrated  from  all  antiquity  , is  about  500  miles  long, 
and  nearly  250  broad.  The  entire  country  is  a narrow  vale, 
bisected  by  the  Nile,  and  hemmed  in  by  parallel  ridges  of 
mountains.  The  prevailing  religion  is  Mahommetanism,  but 
there  arc  many  Christians,  who  havo  their  priests  and  monas- 
teries. The  population  is  about  two  millions  and  a half.  The 
government  is  in  the  hands  of  a viceroy  of  the  Ottoman  power ; 
though,  in  Cairo,  a powerful  ariatocracy  directs  the  affairs  of 
domestic  policy.  The  people  are  in  general  filthy  ; the  Copts, 
or  original  Christian  inhabitants,  are  the  men  of  business. 
The  climate  is  peculiar,  rain  being  uncommon,  the  heat 
extreme,  enforcing  an  abstemious  diet;  the  soil  rich,  agricul- 
ture of  the  simplest  kind,  the  inundations  of  the  Nile  render- 
ing vegetation  luxuriant  without  much  manual  labour.  The 
chief  city  is  Grand  Cairo,  a dirty  place,  filled  with  300,000 
souls,  pent  up  in  narrow  streets  ; Alexandria,  Rosetta,  and 
Damietta.  Egypt,  once  the  focus  of  oriental  trade,  and  the 


I granary  of  Rome,  still  exports  vast  quantities  of  wheat,  rice. 

I and  (lax,  and  many  black  slaves;  and  from  Tunis  and  Tripoli 
it  receives  oil,  red  caps,  and  fine  (lunnel  ; from  Syria,  cotton, 
silk,  soap,  and  tobaccos  from  Constantinople,  white  slaves, 
Circassians  or  Georgians,  the  males  being  the  far-famed  but 
ill-used  Mamelukes.  The  chief  river  Is  the  Nile,  about  one 
quarter  of  a mile  broad,  and  twelve  feet  deep,  of  muddy  water, 
but  abundant  in  a species  of  salmon,  eels,  and  crocodiles.  T ie 
chief  lakes  arc  those  of  Mcozala,  Berrios,  and  Eiko,  in  the 
north;  Rerun  in  the  west,  and  the  Natron  lakes,  producing 
mineral  alkali.  The  mountains  lie  rhicily  between  the  Nile 
and  the  Red  Sea.  The  py  ramids  are  constructed  of  fice-stone, 
like  that  used  at  Bath  ; and  the  ancient  obelisks  were  dug 
out  of  quarries  of  red  granite  near  Syenr.  The  lotus  or  water 
lily  decorates  the  Nile  ; the  cypress  overshadows  the  tombs  of 
the  dead  ; the  sycamore  flourishes  with  vigour  even  on  the 
sandy  frontiers  of  the  desert ; and  the  papyrus,  sacred  to  litera- 
ture, is  found  in  the  marshes  of  the  Delta. 

Nubia,  or  Ethiopia.  (MX)  miles  in  length,  and  500  in  brendth, 
is  an  extensive  tract  between  Egypt  and  Aby  ssinia.  Its  states 
are,  Pnngola  in  the  north,  and  Senaar  in  the  south.  Nubia  is  n 
miserable  country,  and  its  people  deceitful  and  ferocious. 

The  Mahominclan  States  in  the  North,  arc,  Tripoli,  Tunis. 
Algiers,  and  Morocco,  extending  from  Cahcs  to  the  confines 
of  Egypt.  Tripoli  is  governed  by  a Bey,  subject  to  the  Porte 
or  Sultan.  The  town  is  situate  iu  a low  spot,  and  is  in  a state 
of  rapid  decay.  Tunis,  the  central  region  of  northern  Africa, 
w;  s once  the  seat  of  the  Carthaginiun  power.  The  ruins  of 
Carthage  arc  not  far  from  Tunis  the  capital,  a town  about 
three  miles  in  circumference,  and  containing  50,000  souls,  the 
most  polite  and  civilized  among  the  Mahometan*  of  Africa. 
Lions,  panthers,  hy;eriax,  and  other  ferocious  animals,  are  found 
here.  Algiers  is  governed  by  a Dey  r»r  Pasha,  who  exacts  tri- 
bute from  the  maritime  states  of  Christendom ; and  whose 
country  is  a nest  of  robbers.  The  kioguuiu  ul  Algiers  cont- 
priscsthe  Nnmidia,  and  part  of  the  Mauritania,  of  the  ancients; 
and  the  productions  arc  wool,  lead,  oil,  leather.  There  are 
many  salt  springs  and  rivers  in  the  kingdom  of  Algiers,  and 
there  is  one  salt  hill  near  the  lake  called  Manks.  The  empire 
of  Morocco,  which  includes  also  the  kingdom  of  Fez,  is  peo- 
pled by  civilized  Moors,  and  wandering,  but  hospitable  Arabs  ; 
but  the  Brebers,  from  whom  Barbnry  takes  Its  name,  are  fierce 
and  obstinate  descendants  of  the  aboriginal  inhabitants.  Tlic 
universal  food  consists  of  hits  of  paste  cooked  by  the  steam  of 
boiled  meat  and  vegetables,  sewed  up  in  an  carthern  dish, 
will)  butter  and  spices,  and  eaten  alike  by  the  peasant  and  the 
monarch.  The  chief  sca-portis  Tctuun.  Morocco  is  the  capi- 
tal. But  on  the  south  of  these  Mahommetnn  states,  there  are 
the  countries  of  Drab.  Sijelmissn,  and  the  Land  of  Dates. 

The  Western  Coast,  is  peopled  by  (lie  J aloft  and  Foulahs,  an 
the  hanks  of  the  Senegal  and  Gambia.  Guinea  is  divided  into 
the  grain,  the  ivory,  and  the  gold  coast.  Benin  and  Calabar, 
Congo  and  Angola,  come  next  in  otder.  The  sovereign  of 
Benin  is  said  to  lie  able  to  bring  into  the  field  100,000  warrior*. 
Lnungn.  on  the  north  of  Congo,  possesses  an  industrious 
population,  expert  in  weaving,  smith’s  work,  and  the  manufac- 
ture of  canvass,  caps,  and  beads.  The  Congoexc  have  the 
negro  colour,  without  the  features : and  these  people  practise 
the  strange  custom  of  opening  the  graves  annually,  to  decorate 
the  bones  of  the  dead.  These  countries  are  well  watered,  and 
the  naual  tropical  plants  abound  : rice,  yams,  gourds,  pota- 
toes, and  melons,  arc  the  chief  food  of  the  inhabitants. 

The  Colony  of  the  Cape  of  Good  Hope.  The  territory  of  this 
colony  is  about  660  miles  in  length,  and  233  in  breadth,  com- 
prising a population  of  about  20,000  souls.  The  country  is 
more  fertile  towards  the  east  than  on  the  western  const ; and 
the  chief  roadsteads  are  False  Bay  on  the  south,  anti  Table 
Bay  on  the  north,  which  opens  to  Cape  Town.  The  botany  of 
southern  Africa  is  peculiarly  rich  and  magnificent,  a*  is  proved 
by  the  beautiful  plants  from  thence,  which  decorate  our 
British  green-houses.  And  wolves,  hyarnas,  antelopes,  eagles, 
vultures,  kites,  crows,  turtle  doves,  lions,  anti  hippopotami, 
rank  in  the  natural  history  of  the  Cape  of  Good  Hope. 

The  Eastern  Coast,  includes  the  country  of  the  Kaffres,  or 
Koussis.  and  the  Tambookics.  The  coast  of  Natal  is  follow- 
ed by  the  Bay  of  Dclagoa.  Opposite  to  Madagascar  are 
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Sahia,  Sofala,  Mocaranga.  Then  the  coasts  of  Mozumhico  and 
Zangucbar ; and  the  desert  and  obscure  coasts  of  Ajnn  and 
Adel,  complete  the  circuit  of  Africa.  The  country  around  the 
Bay  of  Dclagoa  abounds  in  cattle  and  poultry,  and  Uie  fish  arc 
numerous  and  excellent:  Deer  Island  affording  abundance  of 
turtle.  The  natives  arc  Kaffres,  that  is,  Pagans,  of  a bright 
black  colour,  tall  and  stout,  good  humoured  and  harmless. 
Mocaranga  is  inhabited  by  a civilized  people,  who  arc  never- 
theless supcrstitiously  afraid  of  magical  charms.  The  king  is 
yntarded  by  females.  The  spade,  the  emblem  of  agriculture, 
ts  worn  by  the  king  on  days  of  ceremony,  in  place  of  a sword. 
An  officer  Is  sent  annually  to  each  province,  and,  in  token  of 
his  fidelity,  leaves  his  children  as  hostages  at  court.  The  pco- 

Sle  of  the  province,  on  the  officer’s  appearance,  extinguish  their 
res,  but  again  light  them  from  the  officer's  torch,  in  token  of 
their  loyalty.  On  the  coasts  of  Ajan  and  Zangucbar  there  are 
considerable  numbers  of  Moors:  Mozambique  is  subject  to 
the  Portuguese ; Zangucbar  abounds  in  elephants.  Of  the 
other  states  little  is  known.  Madagascar,  Hp>  miles  long,  and 
220  broad,  abounds  in  grand  and  picturesque  scenery,  strik- 
ingly diversified  with  precipices,  cataracts,  and  immense 
forests.  The  chiefs  of  tribrs  in  Ibis  island  are  distinguished 
from  their  elan  by  redcaps;  the  villages  are  fortified  places, 
constructed  on  eminences ; the  magicians  have  an  amazing  sway 
over  the  more  ignorant  natives;  and  the  most  honourable 
trade  is  that  of  a butcher. — The  islands  of  Pemba,  Zanzibar,  and 
Monsia,  arc  opposite  to  the  coast  of  Madagascar;  and  the 
isles  of  Mahc.  and  Almiranti.  arc  considerably  to  the  cast. 
The  isles  of  Comoro  arc  Angaxzia.  Anzuan,  Ac.  governed  by 
Mahometan  chiefs,  tributary  to  the  Portuguese  ; and  the 
domestic  animals  arc,  in  general,  like  the  European.  The 
islands  of  Mauritius,  or  France  and  Bourbon,  now  in  the  pos- 
session of  Great  Britain,  are  to  the  east  of  Madagascar. 
These  islands  produce  yearly  two  crops  of  wheat  and  Indian  corn, 
and  Bourbon  is  celebrated  for  its  sugar  canes,  cattle,  bread- 
fruit, nutmeg  and  cinnamon  trees.  Kerguelen's  Land,  or  the 
Island  of  Desolation,  situate  in  the  centre  of  the  great  Southern 
Ocean,  is  noted  chiefly  as  the  resort  of  ships  on  the  seal 
fishery  : for  its  wildness  and  sterility  set  industry  at  nought. 
St.  Helena  has  only  one  harbour,  and  that  is  difficult  of  access. 
This  island  is  the  regular  resort  of  the  East  India  Company's 
ships,  and  was  lately  remarkable  as  the  residenre  of  liuona- 
parte.  The  island  of  Ascension  has  an  excellent  harbour,  and 
abounds  ill  turtle  and  sea  fowl ; but  the  country  is  mountain- 
ous, and  the  soil  barren.  The  isles  of  St.  Matthew,  Annabon, 
St.  Thomas.  Prince’s  Isle,  and  Fernando-  Po,  are  near  the 
African  shore. 

The  Interior  Parts  of  Africa.— Darfur,  a kingdom  in  the 
interior  of  Africa,  has  a capital  called  Cobbe,  and  the  inha- 
bitants are  almost  alt  merchants  and  foreigners.  The  flocks 
of  sheep  and  of  goats  here  arc  numerous ; cows  and  camels 
abound:  lions,  leopards,  hyaenas,  wolves. jackals,  wild  buffa- 
loes. elephants,  rhinoceroses,  antelopes,  and  ostiichcs,  arc 
plentiful.  Copper  and  iron  arc  met  with  in  vast  mines  ; tama- 
rinds and  fruit-trees  arc  common.  The  government  is  heredi- 
tary monarchy  ; but  the  Darfurs  arc  a dissolute,  wanton  pco- 

Ele,  amounting  to  about  two  millions  of  souls.  The  Moorish 
ingdom  of  Ludamar,  that  of  Brcroo,  Tombuctoo,  Kaarta.  and 
Bambarra,  have  been  described  by  that  enterprising  and  inge- 
nious traveller,  Mungo  Park.  Also  the  kingdoms  of  Houssa. 
Kassina,  Gotto,  Bnedoo,  and  Manianu;  Kulla,  Bcrgoo,  Fur, 
Bornnu,  and  Ashantec,  by  other  travellers. 

AG  ALLOC  HUM,  a fragrant  medicinal  wood,  brought  from 
the  East  Indies. 

AGAPE,  n love-feast,  or  feast  of  charity,  as  practised  by 
the  first  Christians,  who  had  all  things  common.  This  feast  has 
been  revived  by  the  Wesley au  Methodists,  and  by  some  sects 
of  Particular  Anabaptists. 

AGARIC  Earth,  found  in  fissures  of  rocks, roofs  of  caverns, 
fcc.  and  sometimes  used  as  an  astringent  in  fluxes,  haemorr- 
hages, &c. 

AGARICUS,  the  botanical  name  of  the  mushroom. 

AGATE,  a precious  stone,  either  yellow  or  green,  lead- 
coloured,  or  sanguine.  Agates  may  be  obtained  artificially 
with  solution  of  silver  in  spirit  of  nilrc,  and  afterwards  expos- 
ing the  part  to  the  sun.  The  most  remarkable  agate  was  that 


of  Pyrrhus,  in  which  was  depicted  the  nine  muses,  and  Apollo 
plac  ing  on  a harp.  There  is  one  on  the  continent,  in  Austria, 
wc  believe,  fashioned  into  a cup  nearly  an  ell  in  diameter. 

AG  AYE,  the  American  aloe. 

AGE,  ill  ancient  Chronology,  the  space  of  30  years ; thus, 
Nestor  lived  3 agrs,  or  00  years;  but  sometimes  it  denotes  100 
years.  In  Law,  a certain  period  of  life,  as  21  years,  when  a 
person  is  said  to  be  rente  of  aye. 

AG  HR,  a Rinnan  acre  of  land. 

AGKRATt'M,  bastard  hemp  agrimony. 

AGGER,  in  aueient  warfare,  a fortified  work  to  defend  a 
camp  or  position  ; in  modern  tactics,  the  lines  of  approach,  or 
trenches,  correspond  with  the  aggne  of  the  anrienta. 

AGGREGATE,  the  sum  of  several  things  added  ; and  Aggre- 
gation is  the  mass,  as  aheap  of  sand,  of  ruins,  Lc. 

AGIO,  in  Commerce,  the  difference  between  bank  stock  and 
current  coin,  in  Holland  and  Venice. 

AG  MEN,  n Roman  army  in  march,  which  consisted  of  three 
agmina.  or  divisions;  van.  main  body,  and  rear. 

’ AGNUS  Castvs,  a plant,  upon  which  the  Athenian  ladies, 
who  made  a profession  of  chastity,  used  to  lie  during  the  feasts 
of  Ceres. 

AGRICULTURAL  Instruments,  arc  the  plough,  harrow, 
roller,  fkc.  &c. 

1.  The  Plough,  fig.  24,  is  a machine  drawn  by  horses,  and 
guided  by  a husbandman,  for  turning  up  the  soil,  and  preparing 
it  to  receive  the  corn,  &c.  The  chief  parts  of  this  instrument  are, 
the  coulter,  W E F ; the  sock,  C,  fixed  on  the  base  CM:  M is 
the  heel.  The  sock  and  coulter  arc  of  iron.  A L is  the  sheath ; 
PQ  the  stilt;  R LK  the  beam  ; H the  coulter  stay.  There  are 


The  Plough. 


ploughs  of  a different  construction  to  this;  bat  the  most 
remarkable  are,  the 

2.  Four-eoultertd  Plough,  fig.  25,  moving  on  two  wheels,  of 
which  the  left-hand  one  is  20,  and  the  right-hand  one  24  inches 
diameter;  separated  2 feet  6 inches  from  each  other.  The 
plough  beam  is  10  feet  long. 


3.  The  Paring  Plough,  represented  in  fig.  26,  will  be  readily 
understood  from  the  fi- 
gure : its  use  is  to  pare 
off  the  rough  stubble,  or 
surface  of  the  ground,  in 
order  to  its  being  burnt. 

E is  the  paring  plate ; 
the  beam  is  seven  feet 
long. 

5.  The  Chain  Plough,  fig.  27,  so  termed  because  drawn  by  a 
chain,  fixed  to  the  back  part  of  the  beam  immediately  before 
the  coulter,  has  two  advantages;  first,  by  means  of  a muzzle, 
it  makes  the  plough  go  deep  or  shallow  ; and,  next,  it  stresses 
the  beam  less  than  if  fixed  to  the  point,  and  therefore  a 
slenderer  beam  is  sufficient.  This  plough,  of  a smaller  size 
than  ordinary,  can  be  drawn  by  a single  horse,  and  is  the 
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most  proper  for  horse-hoeing,  making  dong-furrows,  drills, 
JScc.  Ac. 


5.  The  Brake,  fig.  28,  a 
large  weighty  harrow,  is 
used  to  reduce  stubborn 
soils.  It  consists  of  four 
pieces  of  oak,  feet  long, 

6 inches  square  ; with  teeth 
17 inches  long,  bending  for- 
ward like  a coulter. 

6.  The  Common  Harrow 
is,  in  figure,  like  the  brako, 
but  much  lighter  made  : the 
teeth  may  be  wood  or  iron, 
from  ten  to  twelve  inches 
asunder. 

7.  The  Chain  and  Screw  Harrow,  fig.  29,  designed  to  bend 
with  the  ridges,  either  from  their  crow  ns,  or  from  their  furrows, 
even  if  the  sides  of  the  ridges  be  18  feet  broad.  This  harrow 
may  be  differently  made;  as  by  joining  two  common  harrows 
by  a chain,  so  that  they  shall  bend  to  the  curvature  of  the 


ridges.  In  the  same  way,  a grass  harrow  may  be  framed  when 
the  land  is  not  laid  down  in  meadow  form,  perfectly  level. 

8.  The  Roller , made  of  stone,  wood,  or  cast  iron,  should 
weigh  200  stone,  without  shafts  ; but  constructed  of  cast  iron, 
it  is  sometimes  a ton  and  a half  weight.  A piece  of  beech 
wood,  surrounded  with  three  rows  of  felloes,  lined  with  planks 
equally  long,  and  the  whole  clasped  together  with  iron  rings 
31  feet  diameter,  makes  a good  agricultural  roller. 

0,  The  Patent  Universal  Sowing  Machine,  may  be  made  to 
be  worked  by  hand,  drawn  by  a horse,  or  fixed  to  a plough. 
Simple  in  its  construction,  and  therefore  not  readily  pul  out  of 
order,  having  but  one  movement  to  direct  the  whole,  it  requires 


no  skill  in  working;  and  will  sow  wheat,  barley,  oats,  rye, 
clover,  turnip  seed,  Ac.  with  an  accuracy  hitherto  unknown. 
Fig.  30  represents  the  machine  fixed  to  a double-furrow 
creasing  plough,  and  prepared  for  drilling. 

10.  The  Scythe,  fig.  31,  is  a well  known  instrument  in  hus- 
bandry ; and  the  Siletian  Scythe,  which  we  will  here  describe, 
differs  little  from  that  commonly  used  in  mowing  grass,  except 
that  the  blade  is  rather  smaller  ; to  it,  four  teeth  of  wood  are 
attached  parallel  to  the  blade,  fixed  and  secured  in  a proper 


manner,  and  designed  to  keep  the  corn  together  after  it  is  cut; 
so  that,  instead  of  its  felling  in  a confused  state,  the  reaper  can 
lay  it  down  in  a regular  and  compact  manner.  The  handle, 
a b,  is  4 feet  3 inches  long ; the  blade,  h c,  about  2 feet ; the 
upright,  bd,  1 foot  10  inches. 

11.  Iu  the  Collector  Scythe , fig.  32,  the  handle,  a,  is  4 feet 
1 inch  ; the  blade,  b,  2 feet  8 inches  ; the  upright,  12inches:  the 
collector  is  of  cloth,  and  may  be  added  to  the  common  scythe 


with  a piece  of  sheet  iron  at  the  tip  of  the  blade.  The  collector 
is  fixed  on  by  stout  iron  wires,  c.  and  will  be  well  enough  un- 
derstood from  our  engraving.  This  instrument  is  preferable  to 
the  above,  though  both  are  excellent. 

12.  The  Irrigating  Machine,  is  an  instrument  designed  to  raise 
water  to  a great  height  for  the  irrigation  of  land,  in  such  situa- 
tions as  have  the  advantage  of  a small  fall;  it  depends  on  the 
principle  of  Hero’s  fountain,  and  it  may  properly  be  inserted 
here.  See  Hero's  fountain,  article  Jet  d’Eui.  Fig.  33,  a,  b,  i* 
the  stream  of  water  : b,c,e,  represents  the  waterfall,  supposed 
to  be  10  feet : d,e,  are  two  leaden  or  cast  iron  vessels,  contain- 
ing about  4 or  6 gallons  of  water,  and  f.g,  h,i,  h,  l,  are  leaden 
or  Iron  vessels  holding  about  two  ouarts  each  : o,  p,  are  two 
cocks,  each  of  which  passes  through  two  pipes,  opening  the 
one,  and  closing  the  other : «,  r,  is  a water  balance,  which 
works  on  its  centre  t,  and  by  which  the  cocks  o and  p are  alter- 
nately turned  : t,  u,  and  w,  x,  are  air-pipes  made  of  lead,  both 
H inch  diameter  internally  ; and  y,  r ; y,  s : y,  x ; *TO 
pipes,  each  1 inch  diameter.  The  pipe  b,e,e,  is  always  full 
from  the  stream  a,  b;  the  small  cisterns,  g,  i,  l,  and  the  large 
one.  H,  are  supposed  to  have  been  previously  filled  with  water. 
The  fluid  may  theu  be  admitted  by  turning  the  cock  ot  through 
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the  pipe  <•,  e,  into  the  larger 
cistern  e.  The  water  wiii  then 
press  the  air  confined  in  the 
cistern  e,  up  the  air-pipe  w,  x, 
and  force  the  fluid  out  of  the  * 
cisterns  y,  i,  l,  into  those  mark- 
ed A,  A,  Uc.  At  the  same  time,  # 
by  opening  B,  the  water  aud 
condensed  air,  which  previ- 
ously existed  in  the  large  cis- 
tern d,  and  in  the  less  onca 
/,  A,  A,  will  be  discharged  at  B. 

In  a short  time,  the  water  ba- 
lance, q,rt  s,  will  turn  the  cocks 
o,  p,  and  push  out  the  water, 
opening,  during  this  operation,  ® 
the  opposite  ones  ; the  cisterns 
/,  A,  A,  are  emptied  in  their 
tnrnsby  the  condensed  air  from 
the  cistern  d,  as  the  water  pro- 
gressively enters  the  latter  pipe 

b,  e. These,  and  many  more, 

which  our  limits  compel  us  to 
omit,  are  the  most  useful  ma- 
chines used  in  agriculture. 
Carts,  waggons,  threshing  mills. 

See.  we  shall  describe  in  their 
proper  placej,  agreeably  to  the 
alphabetical  arrangement  of  this 
Dictionary. 


JRIMONIA,  Agrimony  ! hemp  and  water-hemp  agrimony, 
occur  in  botany.  Common  agrimony  is  aperient  and  deter- 
gent; good  in  scorbutic  disorders,  and  debility  of  the  intes- 
tines. Digested  in  whey,  it  makes  a good  and  useful  diet- 
drink  for  the  spring. 

AGROSTEMMA,  wild  lichens, or  campions. 

AGROSTIS,  bent  grass,  Agrostoyraphia,  the  history  or 
description  of  grasses. 

AGUE,  n periodical  fever,  which,  according  to  the  different 
returns  of  the  feverish  paroxysms,  is  denominated  tertian, 
quartan,  and  quotidian. 

AHEAD,  a sea  term,  expresses  the  situation  of  any  object  in 
advance  of  the  ship;  and  is  used  in  opposition  to  astern,  which 
denotes  the  position  of  any  object  behind  the  ship. 

AHULL,  the  situation  of  a ship  when  all  her  sails  are 
furled,  on  account  of  the  violence  of  the  wind,  and  when,  hav- 
ing lashed  her  helm  on  the  lee  side,  she  lies  nearly  with  her 
aide  to  the  wind  and  sea,  her  head  being  somewhat  inclined  in 
the  direction  of  the  wind. 

AIDS,  in  the  Manege,  oherishings  used  to  avoid  the  neces- 
sary corrections.  The  inNer  aids  are  the  inner  heel,  leg,  rein, 
&c  ; the  outer  aids,  the  outer  heel,  leg,  rein,  4cc. 

AIGHKNDALE.  in  Lancashire,  a liquid  measure  of  7 quarts. 

AIGUISCE,  in  Heraldry,  a cross  with  its  four  ends  sharp- 
ened into  obtuse  angles. 

AIR,  a thin,  elastic,  transparent  fluid;  ponderous,  compres- 
sible, and  dilatable.  . 

Aia,  in  Music,  melody  in  general,  a tune. 

Air- Pipes,  an  invention  duo  to  Mr.  Sutton,  a brewer,  of 
London ; being  intended  for  olearing  the  holds  of  ships,  and 


other  close  places,  of  their  foul  air.  The  principle  upon  which 
this  contrivance  is  founded,  is  well  known ; being  no  other  than 
the  rarefying  power  of  heat,  which  by  causing  a diminution  in 
the  density  ot  the  air  in  one  place,  allows  that  which  is  in  con- 
tact with  it  to  rush  in,  and  to  be  succeeded  by  a constant  sup- 
ply from  remoter  parts,  till  the  air  becomes  every  where  equally 
elastic.  If,  therefore,  one  end  of  a long  tube  be  placed  in  the 
hold,  or  place  to  be  purified,  while  the  other  end  of  the  tube  be 
sufficiently  heated,  the  foul  air  will  be  constantly  drawn  up, 
and  supplied  by  fresh  air  from  above. 

AiR-/*um/?,  a popular  pneumatic  machine,  that  draws  out  or 
exhausts  the  air  in  u proper  vessel.  The  construction  of  this 
machine,  and  its  principle  of  action,  may  be  thus  explained, 
fig.  34: — Let  B represent  a section,  (the  section  of  a perfectly 
uniform  metallic  barrel  or  pipe.)  com 
municating  with  the  glass  receiver  A, 
by  means  of  the  inferior  tube  i.  t ; let 
P be  a piston,  attached  to  the  rod  R, 
and  fitting  the  barrel  air-tight ; ■ and 
v,  are  two  valves  opening  upwards, 
one  in  the  piston,  the  other  in  the  end 
of  the  tube  tt.  CD  supports  the 
receiver,  which  is  placed  on  wet  lea- 
ther collars.  When  the  piston-rod  is 
pushed  down,  the  air  in  the  barrel  is  c 
compressed,  the  lower  valve  shut,  but 
the  valve  of  the  piston  opens,  and 
allows  the  air  in  the  barrel  to  rush  out.  When  the  piston  is 
drawn  up,  its  valve  is  shut  by  the  external  atmosphere  ; but  the 
air  in  the  receiver  pushing  up  the  valve  r of  the  tube,  rushes 
into  the  barrel,  which  is  again  filled  with  air  as  much  rarer 
than  before,  as  the  contents  of  both  barrel  and  receiver  exceed 
that  of  the  receiver  alone.  Every  stroke  diminishes  the  den- 
sity of  the  confined  air  in  a constant  proportion,  namely, 
as  much  as  the  whole  content  exceeds  that  of  the  cylinder  or 
barrel ; and  consequently,  the  sum  of  as  many  diminutions  as 
there  arc  strokes  ot  the  piston,  will  shew  the  whole  diminution 
by  all  the  strokes.  So,  if  the  capacity  of  the  barrel  be  equal 
to  that  of  the  receiver,  in  which  the  communication-pipe  is 
alway  s to  be  included,  then,  the  barrel  being  half  the  sum  of 
the  whole  content,  half  the  air  will  be  drawn  out  at  one  stroke  ; 
and  consequently,  the  remaining  half,  being  dilated  through 
the  whole  or  first  capacity,  will  be  of  only  half  the  density  of 
the  first ; in  like  manner,  after  the  second  stroke,  the  density 
of  the  remaining  contents  will  be  only  half  of  that  after  the  first 
stroke,  that  is,  only  1 of  the  original  density : continuing  this 
operation,  it  follows  that  the  density  of  tlic  remaining  air  will 
be  A after  3 strokes  of  the  piston,  -fa  after  4 stroks,  ^ after  6 
strokes,  and  so  on,  according  to  the  powers  of  the  ratio  1 ; that 
is,  such  pow-er  of  the  ratio  as  is  denoted  by  the  number  of  the 
strokes.  In  like  manner,  if  the  barrel  be  1 of  the  w hole  con- 
tents, that  is,  the  receiver  double  of  the  barrel,  orf  of  the 
whole  contents  ; then  the  ratio  of  diminution  of  density  being 
|,  the  density  of  the  contents,  after  any  number  of  strokes  of 
the  piston,  will  be  denoted  by  such  power  of  |,  whose  exponent 
is  that  number ; namely,  the  density  will  be  1 after  one  stroke, 
(1)*  or  j after  two  strokes,  (f)1  or  ft  after  three  strokes,  and  in 
general  it  will  be  (})■  after  n strokes : the  original  density  of 
the  air  being  1. . 

The  Common  Air-Pump,  fig.  36,  is  both  portable  and  con- 
venient. E,  F,  G,  H,  is  a square  table  of  wood;  A,  A.  two 
strong  barrels  of  brass  firmly  fixed  by  tbe  head  bar  T,  T, 
and  the  pillars  N,  N.  These  barrels  communicate  with 
two  tubes,  as  shewn  in  diagram  34,  each  having  its  valvo 
opening  upwards,  as  have  also  the  pistons  their  valves.  In 
this  machine  the  pistons  are  worked  by  a cog-wheel  fixed 
in  the  bar  TT,  and  turned  by  the  handle  B.  The  teeth  of  tbe 
wheel  work  in  the  piston  racks  C, C.  PQ,  n circular  brass 
plate  to  hold  the  receiver,  has  a hole  in  its  centre  that  commu- 
nicates with  the  piston  tubes.  In  the  piece  D,  at  V there  is  a 
screw  which  closes  the  orifice  of  one  pipe  for  the  purpose  of 
admitting  the  external  air  when  required.  L M is  the  glass 
receiver,  out  of  which  the  air  is  to  be  exhausted,  when  placed 
on  the  plate  P Q,  which  is  previously  covered  with  a wet  sheep- 
skin, or  smeared  with  wax,  to  prevent  the  air  from  insinuating 
under  tbe  edge  of  the  glass.  When  the  handle  B is  turned. 
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one  of  the  pistons  is  raised,  and  tbe  other  depressed;  conse- 
quently a void  space  is  left  between  the  raised  piston  and  the 
lower  valve  in  the  correspondent  barret : the  air  contained  in  the 
receiver  L M communicating  with  the  barrel  by  the  orifice  K,  im- 
mediately raises  tbe  lower  valve  by  its  spring,  and  expands  into 
tbe  void  space,  and  thus  a part  of  tbe  air  in  the  receiver  is  ex- 
tracted. The  handle  then,  being  turned  the  contrary  way,  raises 
*he  other  piston,  and  performs  the  same  act  in  its  correspond- 


ent barrel:  while,  in  the  mean  time,  the  first-mentioned  piston 
being  depressed,  the  air  by  its  spring  closes  the  lower  valve,  and, 
raising  the  valve  in  the  piston,  makes  its  escape.  The  motion  of 
the  handle  being  again  reversed,  the  first  barrel  again  exhausts, 
while  the  second  discharges  the  air  in  its  turn : and  thus,  during 
the  time  tbe  pump  is  worked,  one  barrel  exhausts  the  air  from 
the  receiver,  while  the  other  discharges  it  through  the  valve  in 
its  piston.  Hence  it  is  evident,  that  the  vacuum  in  the  receiver 
of  this  air-pump  (and  the  same  may  be  said  of  all  others)  can 
never  be  perfect ; that  is,  the  air  can  never  be  entirely  ex- 
hausted : for  it  is  the  elasticity  of  the  air  in  the  receiver  that 
raises  tbe  valve,  and  forces  air  into  the  barrel ; and  the  barrel 
at  each  exsoction  can  only  take  away  a certain  part  of  the 
remaining  air,  which  is  iu  proportion  to  tbe  quantity  before  the 
stroke,  as  the  capacity  of  the  barrel  to  the  sum  of  the  capacities 
of  the  barrel,  receiver,  and  communicating  pipe.  And  wc 
have  shewn  the  ratio  of  exhaustion,  going  on  in  geometrical 
progression,  until  the  elasticity  of  the  included  air  is  too  feeble 
to  push  up  the  valve  of  the  piston,  when  the  receiver  is  said  to  be 
exhausted. — The  speciGc  gravity  of  air  may  be  very  accurately 
ascertained  by  means  of  this  machine,  and  the  method  is  as 
follows  : To  the  neck  of  a glass  bottle,  made  in  the  form  of  a 
Florence  flask,  adapt  a cap  and  valve  opening  outwards, 
screw  it  on  the  pump,  and  exhaust  it  to  a known  degree,  which 
will  be  shewn  by  the  gauge  attached  to  the  pump  for  that  pur- 
pose;  then  from  the  weight  of  the  bottle  before  and  after 
exhaustion,  we  have  the  weight  of  the  exhausted  air ; and  from 
the  ratio  of  the  height  of  the  mercury  in  the  gauge  to  the 
standard  altitude,  we  know  the  proportion  which  the  exhausted 
part  bears  to  the  whole  air  originally  in  the  vessel,  whose 
weight  is  therefore  known.  Subtracting  this  weight  from  the 
weight  of  tbe  vessel  when  full  of  air,  there  will  remain  the 
weight  of  the  vessel  itself : fill  it  with  water,  and  weigh  it,  and 
subduct  the  weight  of  the  vessel  from  this  weight ; the  remain- 
der is  the  weight  of  a bulk  of  the  same  magnitude  with  the  air 
which  fills  the  vessel,  and  whose  weight  was  also  previously 
ascertained.  Following  this  method,  it  has  been  found  by  a 
mean  of  several  experiments,  that  the  specific  gravity  of  air  is 
to  that  of  water  as  I 222  to  1000,  very  nearly,  when  the  baro- 
meter stands  at  30  inches,  and  in  the  mean  temperature  of  65 0 
of  Fahrenheit's  thermometer.  This  agrees  with  the  result 
already  given. — Some  of  tbe  principal  effects  and  pheno- 
3 


mena  of  the  air-pump  are  the  following -.—That,  in  the  ex- 
hausted receiver,  heavy  and  light  bodies  fall  equally  swift ; so, 
a piece  of  metal  and  a feather  fall  from  tbe  top  of  a tall  receiver 
to  the  bottom  exactly  together:  That  most  animals  die  in  a 
minute  or  two:  but,  however,  that  vipers  and  frogs,  though 
they  swell  much,  live  an  hour  or  two ; and  after  being  seem- 
ingly quite  dead,  come  to  life  again  in  the  open  air:  That 
snails  survive  about  ten  hours;  efts,  or  slow-worms,  two  or 
three  days  ; and  leeches  five  or  six  : That  oysters  live  for  24 
hours : That  the  heart  of  an  cel  taken  out  of  the  body,  con- 
tinues to  beat  for  a good  part  of  an  hour,  and  that  mote 
briskly  than  in  the  air:  That  warm  blood,  milk,  gall,  ttc. 
undergo  a considerable  intumescence  and  ebullition  : That  a 
moose,  or  other  animal,  may  be  brought,  by  degrees,  to  sur- 
vive longer  in  a rarefied  air,  than  it  docs  naturally  : That  air 
may  retain  its  usual  pressure,  after  it  is  become  unfit  for 
respiration : That  the  eggs  of  silk-worms  hatch  in  vacno : That 
vegetation  stops  : That  fire  extinguishes,  the  flame  of  a candle 
usually  going  out  in  one  minute,  and  live  charcoal  in  about 
five  minutes. 

Cutkberiton'i  Air-Pump , is  exhibited  in  fig.  36.  with  its  two 
principal  gauges  screwed  into  their  places ; but  these  are 
seldom  used,  except  when  gTcat  delicacy  is  required ; for  in 
the  common  experiments  one  of  them  is  removed,  and  a stop- 
screw  put  in  iu  place : and  when  all  tbe  three  gauges  are 
used,  tbe  stop-screw  B admits  the  air  into  tbe  receiver.  The 
dotted  lines  represent  a transverse  bar  that  keeps  the  barrels 
steady  : N,  N,  are  two  slips  of  wood  that  keep  this  bar  down : 
0,0,  are  screws  that  fix  it. 


Fig.  37  is  a section  of  one  of  tbe  barrels  with  all  its  internal 
parts,  and  figs.  38,  30,  40,  and  41,  are  different  parts  of  tbe  pis- 
ton. proportioned  to  the  sixe  of  the  barrel,  and  to  one  another. 

In  fig.  37,  C D represents  tbe  barrel,  F the  collar  of  leathers, 

G a hollow  cylindrical  vessel  to  contain  oil.  R is  also  an  oil- 
vessel  to  receive  the  oil  which  is  drawn,  along  with  the  air,  * 
through  the  hole  a a,  when  the  piston  is  drawn  upwards;  and, 
when  this  is  full,  the  oil  is  carried  over  with  the  air,  along  the 
tube  T,  into  the  oil-vessel  O.  re  is  a wire  which  is  driven 
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upwards  from  the  hole  a a by  the 
passage  of  tho  air;  and  as  soon 
as  this  has  escaped,  it  falls  down 
again  by  its  own  weight,  shuts  up 
the  hole,  and  prevents  all  return 
of  the  air  into  the  barrel.  At  dd 
are  fixed  two  pieces  of  brass,  to 
keep  the  wire  e c in  a vertical  di- 
rection, that  it  may  accurately  shut 
the  hole.  H is  a cylindrical  wire 
or  rod  which  carries  the  piston  I, 
and  is  made  hollow  to  receivo  a 
long  wire  q q,  which  opens  and 
shuts  the  hole  L ; and  on  the  other 
end  of  the  wiro  O is  screwed  a 
nut,  which,  by  stopping  in  tbe  nar- 
rowest part  of  the  bole,  prevents 
the  wire  from  being  driven  up  too 
far.  This  wire  and  screw  are  more 
clearly  seen  in  fig.  42  and  41  ; they 
slide  in  a collar  of  leather  rr,  fig. 

42  and  40,  in  the  middle  piece  of 
tho  piston.  Fig.  38  and  40  are  the 
two  mean  parts  which  coraposo 
the  piston,  and  when  the  pieces 
30  and  41  aro  added  to  It.  the 
whole  is  represented  by  fig.  42. 

Fig.  40  is  a piece  of  brass  of  a 
conical  form,  with  a shoulder  at 
the  bottom.  A long  hollow  screw 
is  cot  in  it.  about  two-thirds  of  its 
length,  and  the  remainder  of  tbe 
hole,  in  which  there  is  no  screw, 
is  of  about  the  same  diameter  with 
the  screwed  part,  except  a thin 
plate  at  the  end,  which  is  of  a 
width  exactly  equal  to  the  thick- 
ness of  g q.  The  part  of  the  inside 
of  the  conical  brass  in  which  no 
thread  is  cut,  is  filled  with  oiled 
leathers,  with  holes  through  which 
q q can  slide  >tillh  . There  is  also  M 

a male  screw  with  a hole  in  it, 

fitted  to  qq,  senring  to  compress  the  leathers  rr.  In  fig. 
3B,  a an  n is  the  outside  of  the  piston,  the  inside  of  whirh  is 
turned  so  as  exactly  to  fit  the  outside  of  fig.  40.  b b arc  round 
leathers  about  60  in  number,  ec  is  a circular  piece  of  brass  of 
tbe  size  of  the  leathers,  and  dd  is  a screw  serving  to  compress 
them.  The  screw  at  the  end  of  fig.  39  is  made  to  fit  the  screw 


in  fig.  40.  Now  if  fig.  41  be  pushed  into  fig.  40,  this  into  fig. 
38,  and  fig.  39  be  screwed  into  the  end  of  fig.  40,  these  will 
compose  the  whole  of  tbe  piston,  as  represented  in  fig  42. 
H in  fig.  37  represents  the  same  part  as  H in  fig.  42,  and  is  that 


to  which  the  rack  is  fixed.  If.  therefore,  this  be  drawn 
upwards,  it  will  cause  fig.  40  to  shut  close  into  fig.  38,  and  drive 
out  the  air  above  it:  and  when  it  is  pushed  downward,  it  will 
open  as  far  as  the  shoulder  a a w ill  permit,  and  suffer  air  to 
pass  through.  A A,  fig.  43,  is  the  receiver  plate.  B B is  a 
long  square  piece  of  brass,  screwed  into  the  under  side  of  the 
plate,  through  which  a hole  is  drilled  corresponding  to  that  in 
the  centre  of  the  recciver-nlate,  and  with  three  female  screws 
h,  b,  c.— The  rarefaction  of  the  air  in  the  receiver  is  effected  as 
follows:  Suppose  the  piston  at  the  bottom  of  the  barrel.  Tho 
inside  of  the  barrel,  from  the  top  of  the  piston  to  a,  contains 
common  air.  When  the  rod  is  drawn  up,  the  upper  part  of  the 
piston  sticks  fast  in  the  barrel  till  the  conical  part  connected 
with  the  rod  shuts  the  conical  hole,  and  its  shoulder  applies 
close  to  its  bottom.  The  piston  is  now  shut,  and  therefore  tbe 
whole  is  drawn  up  by  the  rack-work,  driving  the  air  before  it 
through  the  hole  a «,  into  the  oil  vessel  at  R,  and  out  into  the 
room  by  the  tube  T.  The  piston  will  then  be  at  the  top  of  the 
barrel  at  a,  and  the  wire  q q will  stand  nearly  as  represented 
in  the  figure  just  raised  from  the  hole  L,  and  prevented  from 
rising  higher  by  the  nut  O.  During  this  motion  the  air  will 
expand  in  the  receiver,  and  conic  along  the  beat  tube  m into 
the  barrel.  Thus  the  barrel  will  bo  filled  with  air.  which,  as 
the  piston  rises,  will  be  rarefied  in  proportion  as  the  capacity 
of  the  receiver,  pipes,  and  barrel,  is  to  the  barrel  alone.  When 
the  piston  is  moved  down  again  by  the  raek  work.it  will  force 
the  conical  part  of  fig.  40  out  of  the  hollow  part  fig.  38,  as  far 
as  the  shoulders  a a.  Fig.  42  will  rest  on  a a,  fig.  38,  which  will 
then  be  so  far  open  as  to  permit  the  air  to  pass  freely  through 
it.  while  at  the  same  time  the  end  of  q q is  forced  against  the 
top  of  the  hole,  and  shuts  it,  in  order  to  prevent  any  air  from 
returning  into  the  receiver.  Thus,  the  piston  moving  down- 
wards suffers  the  air  to  pass  out  between  the  sides  of  fig.  38 
and  40;  and,  when  it  is  at  the  bottom  of  the  barrel,  will  have 
the  column  of  air  above  it:  and,  consequently,  when  drawn 
upwards  it  will  shut,  and  drive  out  this  air  and,  by  opening  tbe 
hole  L at  the  sagic  time,  will  give  a free  passage  to  more  air 
front  the  receiver.  This  process  being  continued,  the  air  of  the 
receiver  will  be  rarefied  as  far  as  its  expansive  power  will 
permit.  For  in  this  machine  there  arc  no  valves  to  be  forced 
open  by  the  elasticity  of  the  air  in  the  receiver,  which  at  last 
it  is  unable  to  effeet.  There  is,  therefore,  nothing  to  prevent 
the  air  from  expanding  to  its  utmost  degree. 

MendeUtohnt  Air-Pump. — It  has  been  objected  to  Cuthbert- 
son’s  air-pump,  that  its  complex  structure  renders  it  diflirult 
to  be  cleaned  and  put 
together,  and  kept  in  FiyU. 

proper  order  for  ex- 
periments. Accord- 
ingly, Mr.  Mendels- 
sohn, a mathematical 
instrumcnt-maker.re- 
siding  in  Great  Sur- 
rey - street,  Mark- 
friars'  - Road,  having 
reflected  upon  tho 
difficulties  just  allud- 
ed to,  w as  led  to  the 
construe  tion  of  a more 
simple  air-pump,  ca- 
pable of  being  easily 
put  together  when- 
ever cleaned,  and  re- 
quiring that  opera- 
tion seldom.  He  re- 
jects the  tube,  in  com- 
mon air-pumps,  lead- 
ing from  the  valves 
to  the  receiver,  toge- 
ther with  the  cock 
that  shuts  this  pipe : 
the  receiver  is  put  im- 
mediately upon  the 
valves  whicharc  in  the 
top  of  tbe  barrels;  and 
the  rack-work  and  pinion  being  underneath,  the  whole  initrn- 
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moolis  in  verteJ.  In  fig.  44  you  hare  a full  sight  of  Mendelssohn’s 
air-pump,  wherein  AH,  CD,  are  cylinders  of  glass,  ground  nnd 
polished  inside.  E and  F,  valves  allowing  the  cylinders  to 
communicate  with  the  receiver  O,  through  two  very  shorl 
canals  ah,  ed,  fig.  46.  and 
the  cock  G.  Two  other 
valves  that  open  into  the 
atmosphere,  arc  within 
the  covers  i and  A,  as  may 
be  seen  in  fig.  45,  where 
a represents  one  of  them. 

M N , the  receiver  plate. 

P Q barometer  gauge. 

If  K and  I L.  brass  pil- 
lars that  support  the 
whole.  RSVW.tbeusual 
rack-work,  with  a double 
winch  Im.  The  w hole  in- 
strument is  fixed  upon 
a mahogany  table.  k8, 

W V,  support  the  racks 
and  the  diagonals,  on 
which  the  pinion  of  the 
cog-wheel  moves.— To 
shew  Itow  this  pump  acts, 
it  will  be  sufficient  to  ex- 
plain the  action  of  one 
eylinder.bccause  the  other 
is  in  all  parts  like  it.  B 
is  a conical  metallic  valve,  from  which  a canal  goes  through 
the  cock  G up  to  the  receiver,  as  is  seen  in  fig.  46  and  4rt,  where 
all  the  parts  arc  marked  with  the  same  letters.  ET  is  a steel 
rod  going  through  a leather  box  in  the  piston  V.  Tbc  top  of 
this  rod  is  fixed  to  the 
valve  E,  nnd  its  bottom 
part  slides  in  a small  bole 
with  an  allowance  of  0-t 
inch  np  and  downward, 
consequently  the  valve  E 
ean  move  no  farther. 

When  the  piston  de- 
scends, it  opens  the  valve 
by  pushing  the  rod  to  the 
bottom  of  the  hole.  Then 
it  slides  down  the  rod  ET, 
and  the  air  from  the  re- 
ceiver has  access  to  the 
cylinder.  When  the  pis- 
ton returns,  it  lifts  the  rod 
ET,  and  shuts  up  the 
valve.  Then  the  piston 
slides  along  the  rod  to 
the  top  of  the  cylinder, 
condensing  the  air  above 
it,  which,  by  the  least 
condensation,  opens  a 
val  ve  e.  fig. 46.  and  escapes 
freely  into  the  atmosphere.  This  last  valve  has  neither  spring 
nor  additional  weight  to  shut  it,  hut  shuts  by  its  own  weight, 
(about  a quarter  of  an  ounce.)  as  soon  as  the  piston  is  arrived 
at  the  top  of  the  cylinder.  Tbc  cylinders  arc  made  of  glass, 
and  the  piston*  of  tin,  to  W«U  fitted  as  to  lv  air-tight,  without  the 
interposition  any  leathers.  The  friction  of  these  two  bodies 
Is  remarkably  small;  a sufficient  proof  that  they  will  be 
durable.  They  possess  the  further  advantage  of  being  capable 
of  standing  for  even  six  months  ; after  which  time  they  will 
serve  without  being  cleaned  or  repaired,  because  they  arc  not 
liable  to  be  corroded  by  the  oil  which  they  contain,  an  incon- 
venience too  general  in  brass  cylinders.  If  the  present  pump 
should  want  cleaning,  take  off  the  top  piece  gh,  by  unscrewing 
the  nuts  II  aifd  I,  when  this  piece,  with  all  tbc  apparatus  upon 
it,  will  come  off.  Then  each  cylinder  may  be  siid  off  from  the 
piston,  wiped  and  replaced,  after  having  greased  it  inside  with 
a little  sweet  oil ; the  top  is  then  pul  in  its  place,  and  the  two 
nuts  H and  I being  screwed  upon  it,  the  instrument  is  ready. 
Neither  racks  nor  pinion  need  to  be  taken  out  of  their  places, 


the  cylinders  standing  above  them.  The  cock  is  constructed 
so,  that,  being  in  the  situation  represented  in  fig.  46,  the  com- 
munication is  open  between  the  cylinders,  the  receiver,  and  the 
barometer-gauge,  and,  by  a quarter  of  a revolution,  the  cylin- 
ders are  excluded,  the  receiver  and  gauge  being  still  left  in 
communication.  A little  stopper,  ground  into  the  cock,  being 
open,  air  is  admitted  into  tbc  receiver,  if  it  is  required. 
The  glass  cylinders,  the  method  of  the  valves  opening,  are  new ; 
the  metallic  pistons,  without  leathering,  add  to  their  durabi- 
lity. and  lessen  the  labour  of  pumping.  In  short,  tbc  whole  is 
vastly  superior  to  the  common  pump. 

AIR  Lvmp,  a pneumatic  machine,  formed  by  the  combina- 
tion of  hydrogen  gas  and  electricity,  which  by  turning  a stop- 
cock, produces  a flame  that  may  be  regulated  at  plrasurr. 

AIK  Guv,  fig.  47.  a pneumatic  instrument,  which  will  drive 
a bullet  with  great  violence  by  means  of  condensed  air  forced 
into  an  iron  hall.  I),  by  means  of  a condenser.  The  operation 
depends  upon  the  elastic  power  of  air,  w hich  increases  in  pro- 
portion to  the  degree  of  condensation  imposed  on  it.  Now 
the  elastic  power  of  fired 
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gunpowder  being  equal 
to  the  pressure  of  1000 
atmospheres,  or  1000 
times  greater  than  that 
of  common  air,  it  fol- 
lows. that  in  order  to  produce  the  same  effect  with  an  air-gun 
as  with  a firelock,  the  air  must  be  compressed  into  ooe- 
tbousandth  part  of  its  natural  bulk  ; and  for  all 
inferior  degrees  of  condensation,  the  effect  will 
he  proportionally  diminished ; and  as  the  velo- 
cities with  which  equal  balls  are  impelled,  are 
directly  as  the  square  roots  of  the  forces  acting 
upon  them,  we  shall  be  able  always  to  estimate  the 
effect  previous  to  any  explosion  taking  place. 

The  Condenser,  fig.  48,  forces  the  air  into  the  ] 
ball  li ; at  ibe  end  a is  a male  screw,  on  which 
the  hollow  hall  B is  screwed,  in  order  to  be  filled 
with  condensed  air.  You  set  your  feet  on  the 
rod  A A,  take  the  handle  it  into  vour  hand,  and 
pump  the  ball  A full  of  air,  which  the  screw  a 
secures  till  you  fasten  the  ball  to  the  gun  for  use. 

The  Air -Dagger,  fig.  49.  is  thus  produced.  ABC  is  a thin 
partition  of  a room  down  to  the  floor.  w«th  an  apparatus  fur  a 
good  convex  lens,  H,  turned  outwards  into  tbc  room  nearly  In 
a horizontal  di- 
rection, so  as  to 
be  viewed  by  a 
person  stand- 
ing at  F.  The 
large  concave 
mirror  D is  sup- 
ported at  a pro- 
per angle,  to 
reflect  upwards 
through  H the 
glass  in  the  par- 
tition B,  images 
of  objects  at  B 
presented  to- 
wards the  mir- 
ror below.  A. 

strong  light  from  a lamp  L,  being  directed  on  the  object,  and  no 
where  else,  than  to  the  eye  of  the  spectator  F,i  □ a darkened  room ; 
it  is  truly  surprising  and  admirable  to  what  effect  the  images 
arc  reflected  up  in  the  air  at  G.  Exhibitions  of  speetres  are 
formed  on  this  principle  of  catoptries. 

AIRA,  in  Botany,  bair-grass. 

AIRS,  in  the  Manege,  the  artificial  motions  taught  horses, 
as  the  dcmivolt.  curvet,  capriole. 

AIRY,  or  AERIE,  the  nest  of  a hawk  or  eagle.  Airy  tri* 
plicitu , the  three  signs,  Gemini,  Libra,  Aqoarins. 

A/UGA.  in  Botany,  the  bugle. 

AJUTAGE,  a tube  fitted  to  the  mouth  of  the  vessel  through 
which  the  water  of  a fountain  is  played ; and  to  the  different 
variety  of  form  and  structure  of  ajutages  may  be  ascribed  tbe 
great  difference  in  fountains. 
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AL.«,  the  lobes  of  the  liver : the  cartilages  of  the  nostril. 

ALABASTER,  a mineral,  differing  from  tnarble  in  being 
combined  with  sulphuric  acid. 

ALARM,  the  tiring  of  a gun.  Ac.  to  give  notice  of  an 
enemy.  Ac.  Clocks  and  watches  sometimes  have  Alarm* , or 
Alarums. 

Ala  km  Hell,  that  rung  upon  any  sudden  emergency  : Alarm 
post,  a rendezvous  : Alarm,  in  Fencing,  a challenge. 

ALUA-F1RMA,  rent  paid  in  silver,  and  not  in  cuin,  which 
was  called  black  mail . 

ALBIREO,  a star  of  the  fourth  magnitude,  in  the  Constella- 
tion Cygnus. — Alroro,  a small  red  fish  caught  in  the  Mediter- 
ranean.— Albuc a,  bastard  star  of  Bethlehem. — Ai.bi'oo,  a white 
spot  on  the  cornea  of  the  eye,  that  produces  blindness. 

ALBUMEN,  the  white  of  an  egg;  an  auimal  or  vegetable 
substance. 

ALCB.  the  elk. — Alcea,  holly-hock.— Alcedo.  the  kingfisher. 

ALCHEMILLA,  ladies'  mantle;  both  the  leaves  and  roots 
of  which  might  be  of  use  where  mild  astringents  are  required. 

ALCHEMY,  that  branch  of  Chemistry  which  had  for  its 
principal  objects,  the  transmutation  of  metals  into  gold ; 
the  panacea,  or  universal  remedy  ; an  alkahest,  or  universal 
menstruum  ; an  universal  ferment ; and  many  other  things 
equally  ridiculous. — Alchemy  took  its  rise  among  the  Arabians, 
about  the  commencement  of  the  fourth  century.  This  delusive 
dream  holding  out  a bail  to  avarice,  soon  attracted  a host  of 
followers.  Intoxicated  with  the  idea,  of  boundless  wealth, 
they  occupied  thcii  time  in  searching  for  the  philosopher's 
stone , and  for  a panacea  o r universal  remedy,  which  should 
cure  every  disease,  and  confer  the  boon  of  immortality  on  the 
fortunate  discoverer  of  the  invaluable  secret.  Pioclcsian, 
fearful  that  the  visions  of  the  alchemists  might  be  realized, 
ordered  all  their  books  to  be  burnt.  Roger  Bacon  the  alche- 
mist was  excommunicated  by  the  pope,  and  suffered  ten  venrs 
imprisonment  for  supposed  dealing  with  the  devil ; and  Para- 
celsus was  thought  to  have  an  evil  spirit  in  the  pommel  of  his 
sword.  The  language  of  this  prince  of  alchemists  was  a tissue 
of  boasting  and  falsehood  : he  promised  immortality  in  this 
world  to  his  disciples,  but  his  own  death,  in  1541,  opened  the 
eyes  of  bis  deluded  followers,  and  blasted  their  sanguine 
hopes. 

ALCOHOL,  spirit  of  wine  highly  rectified:  it  is  light  and 
inflammable,  and  being  highly  antiseptic,  is  used  to  preserve 
animal  substances.  The  spirit  of  wine  of  commerce  is  only  an 
approximation  to  the  state  of  alcohol,  and  it  is  found  in  the 
shops  of  every  degree  of  strength  above  that  of  proof  spirit, 
bat  divested  of  all  colour.  It  is  obtained  merely  by  a re- 
distillation  of  proof  spirit;— bat  to  free  spirit  of  wine,  as 
ronch  as  possible,  from  the  water  with  which  it  is  always  more 
or  less  combined,  and  (o  bring  it  to  the  state  of  alcohol,  the  aid 
of  other  processes  besides  that  of  distillation  arc  necessary. 
To  obtain  pare  alcohol,  Roucltes,  a very  able  French  chemist, 
recommends  to  draw  off  half  the  spirit  in  a water  hath  ; to  rec- 
tify this  twice  over,  drawing  off  two-thirds  each  time  ; then  to 
add  water  to  this  alcohol,  which  will  turn  it  milky  by  separat- 
ing the  essential  oil  still  remaining  in  it;  afterwards  to  distil 
the  spirit  from  the  water,  and  rectify  it  by  another  distillation. 
Alcohol  is  not,  however, in  this  slate  quito  pure;  it  may  yet  be 
freed  from  a portion  of  water,  by  means  of  an  alkaline  salt. 
For  this  purpose,  muriate  of  soda  (common  salt)  may  be 
advantageously  employed,  by  first  depriving  it  of  its  water  of 
crystallization  by  heat,  and  adding  it  hot  to  the  spirit.  The 
subcarbonate  of  potash  is,  however,  considered  to  be  preferable. 
About  a third  part  of  the  weight  of  the  alcohol  should  be  added 
to  it  in  a glass  vessel,  be  well  shaken,  and  then  allowed  to  sub- 
side. The  salt  will  be  found  to  have  absorbed  water  from  the 
alcohol,  which  being  decanted,  more  of  the  salt  is  to  be  added, 
and  the  process  continued  until  the  salt  falls  dry  at  the  bottom 
of  the  vessel.  The  alcohol  must  now  be  subjected  to  a final 
distillation  in  a water  bath,  to  deprive  it  of  the  red  tint 
obtained  from  the  potash,  as  well  as  from  the  alkali  held  in 
solution.  Dry  muriate  of  lime  will  have  the  same  effect  of  ab- 
stracting the  water  from  the  alcohol,  as  the  alkali  just  mentioned. 
Alcohol  being  much  lighter  than  water,  its  specific  gravity  is 
used  as  a test  of  its  purity.  Fourcroy  considered  it  as  recti- 
fied to  the  highest  point  when  its  specific  gravity  was  829,  that 


of  water  being  1000;  and  this  is  perhaps  nearly  as  fat  as  it 
can  be  carried  by  mere  distillation : by  the  addition  of  alkali, 
it  may  be  brought  to  813.  at  00  Fahrenheit.  According  to  the 
London  College,  it  should  bo  815.  The  uses  of  alconol  are 
various;  it  dissolves  with  great  facility  the  resins  and  essen- 
tial oils,  also  camphor,  bitumen,  and  various  other  substances, 
which  renders  it  of  great  servlec  in  phamiary.  in  various  other 
arts,  and  to  the  perfumers  in  particular.  When  diluted  with 
an  equal  quantity  of  water,  constituting  what  is  called  proof 
spirit,  it  is  used  for  extracting  tinctures  from  vegetable  and 
other  substances ; the  alcohol  dissolving  the  resinous,  and  the 
water  the  gummy  parts.  From  its  giving  a steady  heat  with- 
out smoke,  when  burned  in  a lamp,  it  is  extensively  employed 
for  heating  water  on  the  tea-table;  and  in  many  chemical 
operations,  it  is  found  extremely  useful.  It  is  in  common  use 
in  preserving  anatomical  preparations,  and  many  subjects  of 
natural  history. 

ALCOR,  a star  in  the  tail  of  the  constellation  of  the  Great 
Bear. 

ALCOR  AN,  the  Mahometan's  Bible.  See  Koran. 

ALCOVE,  in  Architecture,  a recess,  or  part  of  a chamber 
separated  by  an  estrade  or  partition  of  columns,  and  other 
corresponding  ornaments,  in  which  is  placed  a bed  of  state, 
and  sometimes  scats  to  entertain  company. 

ALDEBARAN,  a star  of  the  first  magnitude  in  the  constel- 
lation Taurus,  called  also  the  Bull's  eye. 

ALDER  Tree.  The  alder  grows  in  wet  situations;  its  w*ood 
is  useful  in  machinery,  as  cog*  for  mill-wheels,  pumps,  water 
pipes,  Ac.;  the  bark  is  useful  in  tanning,  and  in  dyeing  black, by 
the  addition  of  copperas. 

ALE,  a fermented  liquor,  prepared  either  from  wheat,  or 
rye,  or  millet,  or  oats,  or  barley,  or  the  berries  of  the  quick 
bean.  See  Brewing. 

Ale.  To  Mull.  Put  a pint  of  strong  ale  into  a saucepan, 
with  three  or  four  cloves,  nutmeg  and  sugar  to  your  taste:  set 
it  over  the  fire,  but  whenever  it  boils,  take  it  off,  and  let  it  cool. 
Beat  the  yolks  of  two  eggs  with  a little  cold  ale  ; put  this  mix- 
ture to  your  warm  ale,  and  pour  the  whole  several  times  from 
your  saucepan  into  a mug.  Set  it  over  a slow  fire;  heat  it  a little ; 
then  take  it  off  again,  and  heat  it  three  or  four  times,  till  it  is 
quite  hot,  and  then  serve  it  up  with  dry  toast. 

(Ale  Conner,  an  officer  in  London,  who  inspects  the  measures 
nsed  in  public-houses,  chosen  by  the  liverymen  in  common-hall, 
on  Midsummer  day.  Their  places  are  now  only  regarded  as 
sinecures  for  decayed  citizens. 

ALEE,  in  sea  language,  when  the  helm  is  moved  over  to  the 
sea-side,  it  is  said  to  be  alee,  or  hard  alee. 

ALEMBIC,  fig. 60,  a chemical 
vessel,  usually  made  of  glass  or 
copper,  and  used  in  distillation. 

The  bottom  part  A is  called  the 
cucurbit,  or  boiler  ; B is  the  brad, 
or  capital;  C is  a glass-tube, 
through  which  the  sublimed  sub- 
stances pass  into  D,  the  receiv- 
er. Retorts,  and  the  common 
still  worm,  have  entirely  sup- 
planted the  alembic  of  the  al- 
chemists. 

ALEXANDERS,  a plant 
usually  found  growing  wild 
among  the  rubbish  of  old  ab- 
beys ; it  was  much  esteemed  by  the  monks  : and  to  the  poor 
who  use  it,  affords  a wholesome  article  of  food. 

ALGA,  in  Botany,  lichen  -A lqx,  Jtaps,  onn  of  the  seven 
natural  families  into  which  the  whole  vegetable  kingdom  is 
divided  by  Linnasns:  they  are  property  plants  whose  roots, 
leaves,  and  stems,  arc  all  one  ; as  sea-weeds,  Ac. 

ALG  A ROTH,  an  oxide  of  antimony,  obtained  by  washing  the 
butter  of  oxymuriatc  wiib  pure  water. 

ALGEBRA,  the  science  of  Analysis,  which,  reasoning  upon 
. quantity  or  number  by  symbols,  examines  in  general  all  the  dif- 
ferent methods  and  cases  that  can  exist  in  the  doctrine  and  cal- 
culation of  numbers.  We  have  no  records  which  enable  us  to 
I determine  any  thing  with  regard  to  the  date  or  author  of  this  very 
i important  science ; having  arisen,  in  all  probability,  like  most 
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others,  by  such  slow  and  imperceptible  degrees,  that  were  we  in 
osscssion  of  all  the  writings  of  the  ancients,  it  would  perhaps 
e difficult  to  draw  a line,  so  as  to  determine  the  precise  com- 
mencement of  the  algebraic  art.  The  analytical  method  of 
investigating  problems  must  have  suggested  itself  very  early 
to  mathematicians.  Those  unknown  quantities  which  are  now 
represented  by  letters,  were  in  the  infancy  of  this  science  pro- 
bably expressed  by  their  names  at  full  length,  and  every  ope- 
ration performed  upon  them,  as  addition,  subtraction,  multi' 
plication,  See.  were  expressed  in  the  same  manner.  Hut  it 
wonld  soon  be  found,  that  in  this  way  a useless  and  tiresome 
repetition  of  the  same  words  would  occur  in  the  most  simple 
problems,  whence  we  may  easily'  conceive,  how  the  idea  of 
expressing  quantities  by  letters  first  arose,  which  was  by  sub- 
stituting the  initial  of  the  word  for  the  word  itself:  the  several 
operations  were  soon  after  represented  in  the  same  way  ; and 
thus  by  successive  improvements  arose  this  noble  and  compre- 
hensive science,  which  in  its  present  .state  docs  honour  to  tho 
inventive  genius  of  man. — Algebra  is  naturally  divided  into 
numeral,  and  specious  or  literal. 

Numeral  Algebra,  is  that  which  is  chiefly  concerned  in  the 
solution  of  numeral  problems,  and  in  which  all  the  given  quan- 
tities arc  expressed  by  numbers. 

Specious  or  Literal  Ai.gf.br a,  is  that  commonly  used  by  the 
moderns,  in  which  all  quantities,  whether  known  or  unknown, 
are  expressed  by  general  characters,  ns  letters,  Ac.  in  conse- 
quence of  which  general  designation,  all  tho  conclusions  become 
universal  theorems  for  performing  every  operation  of  a similar 
nature  with  that  for  which  the  investigation  was  instituted. 
Every  figure  or  arithmetical  character  has  a determinate  and 
individual  value  ; as,  for  example,  the  figure  4 always  repre- 
sents one  and  the  same  number,  namely,  the  collection  of  four 
units:  algebraical  characters,  on  the  contrary,  must  be  general, 
independent  of  any  particular  signification,  and  proper  to 
represent  all  sorts  of  quantities,  according  to  the  nature  of  the 
questions  to  which  they  are  applied:  farther,  they  must  be  sim- 
ple. and  easy  to  describe,  so  as  not  to  be  troublesome  in  ope- 
ration, or  fatiguing  to  the  memory.  These  advantages  meet 
in  the  letters  of  the  alphabet,  which  are,  therefore,  usually 
adopted  to  represent  magnitudes  in  algebra.  In  algebraical 
inquiries,  some  quantities  are  assumed  as  known  or  given ; and 
others  arc  unknown  and  to  be  found  out ; the  former  are  com- 
monly represented  by  the  leading  letters  of  the  alphabet,  a,  b, 
c,  d,  Ac.  { the  latter  by  the  final  letters,  ip,  x,  y,  z.  Though  it 
often  tends  to  relieve  the  memory,  if  the  initial  letter  of  the 
subject  under  consideration  be  made  use  of,  whether  that  be 
known  or  unknown : thus  r may  denote  a radius,  b a base,  y a 
perpendicular,  t a side,  H density,  m mass,  Ac.  The  charac- 
ters used  to  denote  the  operations  arc  principally  these  : 

-f-  signifies  addition,  and  is  named  plus. 

— signifies  subtraction,  and  is  named  minns. 

X denotes  multiplication,  and  is  named  into. 

denotes  division,  and  is  named  by. 

*/  the  mark  of  radically  denotes  the  square. 

£ the  cube  root, 
r:  equality,  equal  to 
: : : : proportion. 

Numbers  are  connected  with  the  Algebraic  symbols  in  two  ways, 
rir. : 7x.  x*.  signifying?  times  x,  and  the  second  power  of  x.  The 
figure  7 before  the  x is  culled  a co-efficient,  and  shews  how  often 
x is  taken;  the  figure  2 on  the  shoulder  of  x is  called  an 
index  or  exponent,  and  denotes  the  power  of  the  letter  it 

belongs  to.  If  the  exponent  be  a fraction  as  x^,  x^,  it  denotes 
the  □ root,  or  cube  root  of  x.  Like  quantities  are  expressed  by 
the  same  letters  with  the  same  indices,  as,  a,  fin,  7a;  unlike 
quantities  consist  of  different  letters,  as,  a and  b,  or  2 it  and  a1. 
Simple  quantities  are  composed  of  one  term  only,  as,  a,  b.  Gab, 
7 ax*,  it c.  Compound  quantities  consist  of  several  terms,  con- 
nected by  the  sign  plus  or  minus ; as  a -f-  b,  7 ax  — 3b , 3ab  -f- 
6 — c,  Ac.  Positive  or  affirmative  quantities  are  such  as  have 
the  sign  + before  them,  as,  + a,  + they-  Negative  quantities 
are  those  which  have  the  sign  — before  them,  as,  — a,  — firy. 
Like  signs  are  all  affirmative  ( + ).  or  alt  negative  ( — ).  Unlike 
signs  are  composed  of  affirmative  ( + ) and  negative  (— ) signs. 
A binomial  quantity  consists  of  two  terms,  as,  a + b;  a trino- 
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mid/  of  three  terms,  as,  a ■+■  b — • b;  and  a quadrinomial  of  four, 
as  a +4-f + rf,  kc.  A residual  quantity  is  a binomial,  in 
which  one  of  tho  terms  is  negative*  us,  a — b.  A surd  or  irra- 
tional quantity  has  no  exact  root,  as,  */a.  or  %fa\  or  ab\.  A 
rational  quantity  has  no  radical  sign  (>/)  or  index  annexed 
to  it.  as,  a or  ab.  The  reciprocal  of  any  quantity  is  that  quantity 

inverted,  or  unity  divided  by  it,  as,  ~ is  and  of  A is  A 

' 1 a & «• 

— For  the  several  operations  in  Algebra,  as  addition,  multipli- 
cation, See.  see  the  several  articles. 

ALGENEII,  a fixed  star  of  the  second  magnitude  in  the  con- 
stellation Perseus.  Algol,  a star  of  the  third  magnitude,  in 
the  same  constellation. 

ALIAS,  in  Law,  a second  or  further  writ  issued  from  the 
courts  of  Westminster,  after  a capias,  Ac.  has  keen  sued  out 
without  effect. 

ALIEN,  in  Law,  a foreigner,  one  not  within  the  king’s  alle- 
giance. 

ALIENATION,  the  act  of  making  over  a man's  property 
in  lands,  Ac.  to  another. 

Alienation,  in  Mortmain,  bequeathing  lands  to  a body 
politic,  by  the  king's  license,  else  the  property  becomes  for- 
feited. 

A LIOTII,  a star  in  the  constellation  of  the  Great  Bear, 
much  used  for  finding  the  latitude  at  sea. 

ALIQUOT  Part,  ( front  aliquot  us,  any  number  offlines,)  is  surli 
a part  of  a number  as  is  contained  in  it  a certain  number  of 
times,  and  may  therefore  be  otherwise  considered  as  a divisor, 
or  rather  the  quotient  arising  from  division.  See  Division. 

ALKALI,  in  Chemistry,  a particular  class  of  salts.  Tho 
alkalis  at  present  known  are  these, — soda,  potass,  ammonia, 
barytes,  strontia,  lime,  and  lithium.  Potass,  soda,  and  Hint, 
make  glass : potass,  soda,  and  oil,  make  soap,  Ac.  The  alka- 
lis arc  incombustible,  soluble  in  water,  and  possess  an 
acrid  urinous  taste.  They  combine  readily  with  acids,  and 
precipitate  from  them  the  metals  with  which  they  had  been 
previously  combined.  They  change  vegetable  blues  to  green, 
red  to  violet,  and  yellow  to  brown.  Potass  and  soda  render 
oil  miscible  with  water,  and  so  form  soap.  Their  peculiar 
crystallization  when  united  with  flint  is  obvious  in  glass. — 
Potash , a vegetable  alkali,  exists  completely  formed  in  the 
vegetable,  or  is  produced  during  the  operation  of  combustion. 
Potash  readily  combines  with  fat  substances,  and  renders 
them  soluble  in  water  ; these  combinations  form  soap.  Wine 
lees  may  be  rendered  almost  entirely  into  alkali  by  combustion. 
This  alkali  is  greenish,  and  is  considered  pure.  The  combus- 
tion of  wine-stone  also  furnishes  very  pure  alkali,  hut  neutra- 
lized: it  is  known  under  the  name  of  carbonate  of  potash,  or 
salt  of  tartar.  If  potash  and  silex  are  fused  together,  the  com- 
bination forms  glass,  but  this  product  differs  in  its  properties 
according  to  the  respective  quantities  of  silex  and  potash,  of 
which  it  is  composed. — Soda,  or  the  mineral  alkali,  greatly 
resembles  potash,  and  is  obtained  from  the  ashes  of  marine 
plants  ; as  sea-weed,  Ac.  The  combination  of  soda,  or  potash, 
with  oils  or  fat,  forms  soap  ; the  union  with  potash  affords  soft 
soap,  and  the  combination  of  soda  with  the  same  substances 
makes  hard  soap.  Mottled  soap  is  made  by  disposing  the  Icy 
through  the  soap,  or  by  adding  to  it  a quantity  of  solution  of 
sulphate  of  iron,  which,  by  its  decomposition,  deposits  its 
oxide  through  tho  soap,  and  gives  it  a variegated  appearance. 
In  some  manufactories,  the  black  oxide  of  manganese  is  made 
use  of  for  the  same  purpose.  Yellow  soap  is  made  of  tallow 
and  resin  with  an  alkali. — Ammonia,  or  the  volatile  alkali,  is 
distinguished  from  the  former  alkalis  by  a very  sharp  pungent 
smell,  and  by  its  great  volatility.  It  always  appears  cither 
combined,  or  in  the  state  of  a liquid,  (liquid  ammonia,)  or  in 
the  aerial  form,  and  then  it  is  called  ammouiacal  gas.  its 
compounds  are  solid  only  when  it  is  combined  with  acids.— 
Barytes  has  never  yet  been  found  free  from  all  combination. 
It  may  be  obtained  in  a state  of  purity  by  the  calcination  of  its 
carbonate  or  nitrate,  whirhis  the  heaviest  mineral  known.  For 
this  reason,  carbonate  of  barytes  has  been  termed  ponderous 
spar.  To  animals  it  is  a deadly  poison. — Strontia,  found  in 
the  state  of  a carbonate,  that  is  so  say,  combined  with  carbo- 
nic acid*  in  a vein  of  lead  oro,  at  Strontiu,  in  Argvlcsbirc,  iu 
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the  western  part  of  Scotland,  is  either  of  a bright  green  colour, 
or  transparent  and  colourless. — Lime , called  also  calcareous 
earth,  is  now  generally  considered  as  an  alkali,  as  it  possesses 
the  properties  of  that  class  of  substances  in  a striking  manner, 
its  sparing  solubility  in  water  excepted.  It  is  found  very 
abundantly,  though  never  pure,  or  in  an  uncombined  state.  It 
is  always  united  to  an  acid,  and  very  frequently  (o  the  carbonic 
acid,  as  in  chalk,  common  limestouc.  marble,  calcareous  spar. 
See.  It  is  contained  in  the  waters  of  tbc  sea,  is  found  in  vege- 
tables. and  is  tbc  base  of  the  bones  and  shells  of  animals.  Its 
combination  with  sulphuric  acid  forms  sulphate  of  lime,  gyp- 
sum, or  plaxtcr-of-paris.  With  fluoric  acid  it  constitutes  tluatc 
of  limn,  or  Derby  shire  spar. — Lithia.  For  the  discovery  of  the 
new  fixed  alkali,  lithia.  having  for  its  base  a new  mctnl. 
(lithium,)  we  arc  indebted  to  M.  Arfvresdon,  who  obtained  it 
from  pctalitc,  a mineral  which,  by  his  analysis,  was  found  to 
be  composed  of  silica  80  parts,  alumina  17.  and  the  new  alkali 
3 parts.  It  is  extracted  from  the  petalitc  by  calcining  the 
latter,  in  powder,  with  carbonate  of  bary  tes,  separating  the 
earths,  nnu  obtaining  tbc  alkali  combined  with  an  acid.  Its 
combinations  with  acids  are,  generally,  very  fusible.  The  sul- 
phate and  muriate  liquefy  below  a red  heat;  the  carbonate, 
when  red-hot,  acting  violently  on  the  plaliuum  crucible.  Tbc 
former  crystallizes  readily,  and  retains  no  water  of  cry  stalliza- 
tion ; nor  is  their  solution  precipitablo  by  muriate  of  platinum, 
or  by  tartaric  acid.  The  nitrate  crystallizes  in  rhomboids,  and 
attracts  moisture ; the  muriate  is  highly  deliquescent ; the 
carbonate  is  with  difficulty  soluble  in  water;  and  when  evapo- 
rated, the  salt  crystallizes  iti  slender  prisms;  it  has  a greater 
capacity  for  saturating  the  acids  than  even  magnesia.  Alkalis 
arc  substances  which  have  a great  affinity  for  the  acids;  ami 
the  substances  formed  by  the  uuion  of  an  acid  and  an  alkali 
arc  called  neutral  salts,  which  have  neither  acid  nor  alkaline 
properties. 

ALLEGEAS,  a cotton  or  flax  stuff,  manufactured  in  the 
East  Indies. 

ALLEGIANCE,  in  Law,  the  tie  or  lignmen  which  binds  the 
subject  to  the  king,  in  return  for  that  protection  w hich  the  king 
atTords  the  subject. 

ALLEKION,  in  Heraldry,  an  eagle  without  beak  or  feet, 
having  nothing  perfect  but  the  wings. 

ALLIGATION,  in  Arithmetic,  is  a rule  by  which  such 
questions  are  resolved  as  relate  to  the  mixing  of  divers  mer- 
chandises, metals,  simples,  liquors,  drugs.  See.  of  unequal 
prices,  so  as  to  find  how  much  of  each  must  be  taken,  accord- 
ing to  the  question:  and  Alligation  is  either  medial  or  alter- 
nate. Alligation  Medial  is,  when  the  price  and  quantities  of 
several  simples  are  given  to  be  mixed,  to  find  the  mean  price  of 
that  mixture.  Rule : — As  the  whole  composition  is  to  its  total 
value,  so  is  any  part  of  the  composition  to  its  mean  price. 
Proof: — Find  the  value  of  the  whole  mixture  at  the  mean  rate, 
and  if  it  agrees  with  the  total  value  of  the  several  quantities  at 
their  respective  prices,  the  work  is  right. 

Example  1.  A farmer  mixed  20  bushels  of  wheat,  at  5#.  per 
bushel,  and  36  barrels  of  rye,  at  ‘At.  per  bushel,  with  40  bushels 
of  barley,  at  2s.  per  bushel.— I desire  to  know  the  worth  of  a 
bushel  of  this  mixture  l 

20  x 6 = 100  As  06  : 288  : ; 1 : 3. 

36  x 3 = 108 

40  x 2 = 80  A ns.  3s. 

06  288 


Example  2.  A grocer  mixes  30  lb  of  currants  at  4 d.  per 
lb,  with  10 lbs  of  other  currants  30  at  4d....l20 

at  Gd.  per  lb. — what  is  the  value  10  at  (W..,.  00 

per  lb  of  this  mixture  f — 

40  ) 1 80  (41  Ant. 


Alligation  Alternate  is  when  the  prices  of  several  things  are 
given,  to  find  such  quantities  of  them  to  make  a mixture,  that 
may  bear  a price  propounded. — In  ordering  the  rates  ami 
given  price,  observe, 


1 Place  them  one  under  the  other,  and  the 
propounded  price,  or  mean  rate,  at  the  left-hand 
of  them,  thus, 


I 


IS — . 2 

*,20 — ! — 6 

54 

,‘2 


'‘24-1 
28 


2.  Link  the  several  rates  together  by  2 and  2 ; always 
observing  to  join  a greater  aud  a less  than  the  mean.  3. 
Agaiust  each  extreme,  place  the  difference  of  the  mean  and  its 
yoke-fellow. — When  the  price  of  the  several  simples  and  the 
mean  rate  arc  given  without  any  quantity,  to  find  how  much  of 
each  simple  is  required  to  compose  tbc  mixture. — Rule.  Take 
the  difference  between  each  price  and  the  mean  rate,  and  set 
them  alternately,  they  will  be  the  auswer  required.— Proof. 
By  Alligaliou  Medial. 

Example.  A vintner  would  mix  four  sorts  of  wine  toge- 
ther, of  18 d.  2t )d.  24 d.  and  2nd.  per  quart— what  quantity  of 
each  must  he  lake  to  sell  the  mixture  at  22d.  per  quan  ! 

4iui*rr.  Proof.  j Or  that : Proof. 

18 2 of  I8rf.  = Mid.  I 18 ,6  of  \M.  = 106rf. 

~j20-|  « or  20rf.  = 120  | ‘JO— , 1 2 of  20rf.  = 40 

24-1 (4of24rf.  = 96  24—'  1 2 of  24 </.  = 48 

28 — 2 of  '2Hd.  = 56  I 28 4of28rf.  = 112 

14  )308  , 14  )308 

22d.  ! 2 id. 

AW. — Questions  in  this  rule  admit  of  a great  variety  of 
answ  ers,  according  to  the  manner  of  linking  them. 

Alligation  Partial  is  when  the  price  of  all  the  simples,  the 
quantity  of  but  one  of  them,  and  the  mean  rate,  are  given,  to 
had  the  several  quantities  of  the  rest  in  proportion  to  that 
given. — Rnle.  Take  the  difference  between  each  price  and  the 
mean  rate  as  before.  Then,  As  the  dillcrence  of  that  simple, 
whose  quantity  is  given,  is  to  the  rest  of  the  difference  severally, 
so  is  the  quantity  given,  to  the  several  quantities  required. 

Example.  A tobacconist  being  determined  to  mix  20  lb.  of 
tobucco,  at  liW.  per  lb.  with  others  at  MW.  per  lb.  UW.  per  lb. 
and  22 d.  per  lb.— how  many  pounds  of  each  sort  must  ho  take 
to  make  one  pound  of  that  mixture  worth  17rf. ! 

A newer.  Proof. 

15 ,5  201b.  at  1 Gd.  = 30IW/. 

.-16— | 1 1 4 1b.  at  16./.  = flW. 

18— I l 4 Ih.  at  18</.  = 72//. 

22 2 8 lb.  at  22 d.  = 17 (id. 

36  lb.  : 612  : : 1 lb.  : 17 d. 


As  6 : 1 : : 20  : 4 
As  5 : 1 : : 20  : 4 
As  5 : 2 : : 20  : 8 


Alligation  Total , is  when  the  price  of  each  simple,  the  qnan- 
tity  to  be  compounded,  and  the  mean  rate,  arc  given,  to  find 
how  much  of  each  sort  will  make  the  quantity. — Rule.  Take 
the  difference  between  each  price,  aud  the  mean  rate,  as 
before  : then.  As  the  sum  of  the  differences  is  to  each  particular 
difference,  so  is  the  quantity  given,  to  the  quantity  required. 

Example.  A grocer  has  four  sorts  of  sugar,  vis.  12 d.  10e/. 
Gd.  and  4c/.  per  lb.  and  would  make  a composition  of  144  lb. 
worth  8rf.  per  lb.— 1 desire  to  know  what  quanlity  of  each  he 
must  take  ? 


Answer. 


4 

2 

2 

4 


48  at  12 d. 
24  at  MW. 
24  at  Gd. 
48  at  4 d. 


Proof, 

576  As  12  : 4 

210  As  12  : 2 

144 
192 


144  : 48 
144  : 24 


12  144  )1I5‘2(&L 


ALLITERATION,  a rhetorical  ornament,  which  consists  of 
the  repetition  of  the  same  letter  at  certain  intervals  ; as, 

11  Ifnrt  llw  IFflrp,  nod  die  tfoof." 

**  Fivldt  e*et  Fr»h,  and  O' ton*  f<v  «vtr  Grern." 

" AfciMBlaiui,  ye  Mourn  in  vain,  Afodred  «lio«e  Magic  aoug." 

ALLIUM,  gailic,  a plant  w ith  a bulbous  root,  much  used  both 
as  seasoning  and  food.  When  bruised  and  applied  to  the  skin, 
it  causes  inflammation  and  raises  blisters.  In  cases  of  dropsy, 
asthmas,  and  agues,  it  is  excellent,  administered  as  a bolus,  or 
marie  into  pills : or  pounded  in  a mortar,  and  a spoonful 
taken  in  a glass  of  milk.  Its  smell  is  good  in  female  nervous 
disorders.  Its  juice  makes  the  strongest  cement  for  broken 
glass  and  china  : placed  near  the  haunts  of  grubs,  slugs,  &c.  in 
the  garden,  it  drives  these  vermin  away. 
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ALLOT  signifies  the  production  of  a baser  metal  mixed  with 
a finer  one.  In  Chemistry,  we  apply  the  term  to  the  union  of 
different  combinations  of  metallic  matter  ; as,  bronze,  tombac, 
brass,  white  copper,  8tc. 

ALLUVION,  in  Law,  the  gradual  increase  of  land  along  the 
sca-shorc,  or  on  banks  of  rivers. 

ALMAGEST,  the  name  of  a celebrated  work  composed  by 
Ptolemy,  and  consisting  of  13  books  ; being  a collection  of 
many  of  the  observations  and  problems  of  the  ancients,  relating 
both  to  geometry  and  astronomy.  It  contains  a catalogue  of 
the  fixed  stars,  with  their  places ; besides  numerous  records  of 
eclipses,  the  motions  of  the  planets,  Sec.:  being  the  first  work 
of  the  kind  which  has  been  transmitted  to  us,  and  is  therefore 
very  valuable  to  astronomers. 

ALMANACK,  (said  to  be  formed  of  tbe  Arabic  particle  al, 
and  mantifi,  to  count,)  a calendar  or  table,  in  which  are  noted 
down  alt  the  most  remarkable  phenomena  of  the  heavenly 
bodies  for  the  ensuing  year ; such  as  eclipses,  conjunctions  and 
oppositions  of  the  planets,  risings  and  settings  of  the  sun  and 
moon.  8tc.;  with  the  return  of  feasts  and  fasts. 

yautieal  Almanack  and  Astronomical  Ephemeris,  is  a national 
almanack,  begun  in  17G7,  under  the  direction,  and  by  tbe  advice, 
of  the  astronomer  royal,  the  lute  Dr.  Maskclyne.  This  almanac, 
computed  a few  years  forward,  for  the  convenience  of  ships 
going  out  upon  long  voyages,  for  which  It  is  highly  useful, 
contains,  besides  most  things  essential  to  general  use,  and 
which  are  found  in  other  almanacks,  many  new  and  important 
particulars,  as.  the  distance  of  the  moon  from  the  sun  and  fixed 
stars,  computed  to  the  meridian  of  Greenwich,  for  every  three 
hours  of  time,  for  the  purpose  of  computing  the  longitude  at 
sea. — The  astronomical  day  is  here  used,  which  begins  at  noon, 
and  is  twelve  hours  later  than  the  civil  day.  which  is  counted  up 
to  24  hours  ; or  from  sun-risc  in  the  morning  to  sun-setting  at 
night,  and  from  sun-setting  at  night  till  sun-risc  in  the  morning. 

The  Construction  of  Almanacs  is  extremely  easy,  if  you  strip 
them  of  all  the  absurd  astrology  with  which  such  as  Moore's, 
&c.  may  be  crammed.  The  first  thing  to  be  done  is,  to  com- 
pute the  sun's  and  moon’s  place  for  each  day  of  the  year,  or  it 
may  he  taken  from  some  cphcmcrides,  and  entered  into  the 
almanac.  Next  find  the  dominical  letter,  and  by  it  distribute 
the  calendar  into  weeks.  Then,  having  computed  the  time  of 
Easter,  by  it  fit  the  other  moveable  feasts ; adding  the  im- 
moveable ones,  with  the  names  of  the  martyrs,  the  rising  aud 
setting  of  each  luminary,  the  length  of  the  day  and  night,  the 
aspects  of  the  planets,  the  phases  of  the  moon,  and  the  sun's 
entrance  into  the  cardinal  points  of  the  ecliptic;  i.e.  the  two 
equinoxes  and  the  two  solstices. 

ALMOND,  the  fruit  of  the  almond-tree,  a soft  and  pleasant- 
flavoured  kernel,  contained  in  a flntlish  nut.  Almonds  are 
used  in  confectionary  and  cookery  ; they  arc  also  eaten  with 
raisins  in  desserts  after  dinner,  hut  they  should  he  well  chewed, 
as.  like  oil  nuts,  every  piece  you  swallow  entire  is  indigestible. 
Tbe  oil  of  almonds  is  much  used  ; their  milk  is  formed  of 
pounded  almonds.  loaf  sugar,  and  water,  well  mixed  together, 
and  is  much  used  in  medicine. 

Almonds,  To  burn.  Put  two  pounds  of  loaf  sngBr  and  two 
pounds  of  almonds  into  a stew-pan  with  a pint  of  water,  and 
let  them  boil  over  a clear  fire  till  you  hear  the  almonds  crack  ; 
then  take  them  off.  and  stir  them  till  they  arc  quite  dry.  Then 
put  them  into  a wire  sieve,  and  sift  all  the  sugar  from  them. 
Put  the  vinegar  into  tbe  pan  again,  with  a little  water,  and  boil 
it;  put  four  spoonsful  of  scraped  cochineal  to  the  sugar,  to 
colour  it.  Put  the  almonds  into  a pan  ; keep  stirring  them  till 
they  are  quite  dry  : then  put  them  into  a glass,  and  they  will 
keep  for  twelve  months. 

ALMVCANTARS,  Almacantars,  from  the  Arabic  d/nofox* 
tharat,  arc  circles  parallel  to  the  horizon,  conceived  to  pass 
through  every  degree  of  the  meridian  ; being  the  same  as  the 
parallels  of  latitude. — Almicantar's  Staff,  was  formerly  used 
at  sea.  for  observing  the  sun's  amplitude  at  rising  or  setting. 

ALOE,  a large  plant,  with  fleshy,  spinous  leaves,  from  the 
centre  of  which,  magnificent  blossoms  rise  on  steins,  some 
twenty  feet,  when  the  tree  is  in  a vigorous  slate.  In  Spain, 
where  this  plant  is  cultivated  in  hedge-rows,  the  leaves  are 
used  as  seouring-paper,  or  their  essence  as  soap,  for  it  will 
lather  in  salt  or  fresh  water. 


ALOPECIA,  a falling  off  of  the  hair  from  the  head,  3cc. 
either  from  some  defect  in  the  nutritious  juices,  or  by  its  vici- 
ous quality  corroding  the  roots.  A fresh-cut  onion  rubbed  on 
the  place  till  it  be  red  and  itch,  is  said  to  cure  baldness. 

ALOPECURUS,  foxtail  grass;  one  of  the  most  productive 
plants  of  the  tribe:  cattle  arc  fond  of  it;  it  grows  well  in  moist 
situations,  and  being  very  early,  may  bo  cut  by  the  middle  of 
May.  Two  bushels  of  seed  will  sow  an  acre,  with  about  six- 
teen pounds  of  clover. 

ALPHABET,  tbe  several  letters  of  a language,  as  A,  B,  C, 
8iC.  a.  fl,  y,  9. 

ALPHiENIX,  in  Medicine,  the  trivial  name  of  while  barley 
sugar.  Perhaps  the  name  makes  it  valuable  ! The  sugar  is, 
however,  good  for  colds,  and  may  be  easily  made  by  boiling 
common  sugar  till  it  becomes  easy  to  crack,  when  you  should 
pour  it  on  a marble  slab,  greased  with  almond  oil,  and  then 
mould  it  into  any  figures  you  please. 

ALPHONSINE  Tables,  arc  astronomical  tables,  compiled 
by  order  of  Alphonsus,  king  of  Castile. 

ALPHONSIN,  in  Surgery,  an  instrument  for  extracting  bul- 
lets out  of  gun-shot  wounds. 

ALSINE,  chick  weed,  the  leaves  of  which  every  night  fold 
themselves  up  in  pairs,  to  protect  the  rudiments  of  new  shoots  ; 
thus  affording  a remarkable  instance  of  the  sleep  of  plants. 

ALT,  in  Music,  live  high  notes  of  the  scale. 

ALTAR,  fig.  61,  a place  upon  wbich  sacrifices  were  anciently 
offered  to  some  deity.  The  altars  of  pagans  were  originally  of 
turf,  hut  latterly  of  marble,  stone,  ice.  These  altars  were 
decorated  w ith  sculptures  of  the  respective  gods  to  which  they 
were  dedicated.  Altars  were  doubtless  as  ancient  as  sacrifices, 
Gen.  chap.  iv.  The  altar  Jacob  set  up  at  Bethel  was  merely  a 


stone;  that  of  Gideon,  a stone  before  his  bouse;  but,  under 
Moses,  the  people  of  Israel  had  their  altar  of  incense , that  of 
burnt -offering,  and  tbe  altar  or  table  for  the  shetebread. 

ALTITUDE,  in  Astronomy,  the  distance  of  a star  from  the 
horizon  ; which  may  be  either  true  or  apparent,  according  as 
it  is  taken  from  the  trne  or  apparent  horizon. 

ALVEARIUM,  u bcc-hive  ; also  the  concha,  or  hollow  of  tho 
outer  ear.  Alveolus,  the  cells  of  a bee-hive.  In  Anatomy, 
the  sockets  iu  the  jaws,  wherein  the  teeth  arc  fixed. 

ALUM,  a clear  transparent  saline  matter,  of  a very  austere 
and  astringent  nature,  useful  in  medicine  and  the  arts 

ALTERNATION,  or  Permutation  of  quantities  or  things, 
is  the  varying  or  changing  the  order  of  them.  See  Permutation. 

ALTIMETRY,  the  art  of  taking  or  measuring  altitudes  or 
heights,  accessible  or  inaccessible,  perpendicular  or  oblinnc. 

ALTITUDE,  in  Geometry,  the  third  dimension  of  a body, 
considered  with  regard  to  its  elevation  above  the  plane  ol  its 
base. 

Altitude  of  a Figure  is  the  distance  of  its  vertex  from  its 
base,  or  Che  length  of  a perpendicular  let  fall  from  the  vertex 
to  the  base.  Altitudes  are  divided  into  accessible  and  inacces- 
sible. Accessible  Altitude  of  an  object,  is  that  whose  base  wc 
can  have  access  to,  so  as  to  measure  the  distance  between  it 
and  the  station  from  which  the  measure  is  to  be  taken.  Inac- 
1 cessible  Altitude,  is  when  the  base  of  the  object  cannot  be 
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approached. — There  arc  several  methods  of  measnring  the  | 
height  or  altitude  of  bodies,  viz.  by  Geometry,  Trigonometry,  by 
Optical  Reflection,  by  means  of  the  Barometer , &c.  The  instru-  . 
moots  commonly  used  in  measuring  altitudes,  arc,  the  Geome-  i 
trical  Square,  Quadrant,  Theodolite . and  Harris' t Telescope,  a 
description  of  each  of  which  will  be  found  under  the  respec- 
tive articles. 

Prob.  1.  To  measure  an  accessible  or  inaccessible  Altitude  geo- 
metrically .—Under  this  head  are  included  nil  those  cases,  in 
which  the  calculation  depends  upon  pure  geometrical  prin- 
ciples, and  particularly  on  the  similarity  of  triangles,  of  which 
we  propose  to  give  an  illustration  in  the  following  examples:  , 
Let  A B represent  an  ob- 
ject, of  which  the  altitude  ,np.r.  ^ wiui  ! 

is  required.  Being  pro-  J Fty.&2.  i | 

video  with  two  rods,  ^ i 

or  staves,  of  different  „.•'*'  L*  y-*  j. 

lengths,  plant  the  longest  J I I 

of  them,  as  F C,  at  a cer-  3*™ 
tain  measured  distance 
from  the  base  of  the  ©b-  \ n 
ject.  Then,  at  a farther 
distance,  plant  the  second  or  shorter  staff  E P,  in  suc  h ft  rnan-  [ 
ner  that  the  tops  of  the  two,  E and  F,  may  lit*  in  a line  with 
the  top  of  the  tower  B.  Then  having  measured  the  distance 
1 D,  as  also  the  length  E T>.  # e shall  have  by  similar  triangle  s,  as  ! 
ID  : BD  : : I A : An; 

that  is,  by  multiplying  the  second  and  third  terms. and  dividing 
by  the  first,  we  shall  have  the  whole  altitude  of  the  tower  B A : 

that  i»,  B A = 1 A * F‘  P 

n> 


For  example,  suppose  1 A — 100  feet,  l D zz  8 feet,  and  E D 

= 4 feet,  being  the  height  of  the  staff ; then  BA“  X.i.— 
60  feet,  H 


the  altitude  of  the  tower.  When  the  objert  is  inaccessible,  two 
such  operations  as  the  above  must  be  resorted  to. 

Prob.  2.  To  measure  accessible  or  inaccessible  Altitudes,  by 
sL-i~  cu  J 


means  of  their  Sha- 
dows.— At  any  time 

when  the  sun  shines. 

plant  a rod  a b,  per-  * 

//  \ \ 

pcndicularly  at  a.  and  6 

measure  the  length  of  ^ 1 

its  shadow,  and  im-  •* 

- -• a. 

mediately  after  mea-  ^ © *•  c c A 

sure  the  shadow  of  the  proposed  object  A B.  Then,  by  similar 


triangles,  ca  : ba  ::  CA  : A B, 

ea 


the  altitude  required.  If  the  object  he  inaccessible,  but  still 
such  that  the  difference  of  (be  lengths  of  its  shadow  s.  ca,fa, 
taken  at  two  different  times,  can  he  ascertained,  the  altitude 
may  be  found  nearly  the  same  as  in  the  last  example. 

Prob.  3.  To  measure  accessible  or  inaccessible  objects,  by  means 
of  Optical  Reflection, — Place  a mirror,  or  other  reflecting  sur- 
face, horixontally  in  the  plane  of  the  figure's  base,  as  at  C,  and 
when  the  object  is  ac- 


FyU. 


IS 


ccssihlc,  measure  the 
distance  C A,  Now 
retire  back  in  the  di- 
rection A C to  I),  till 
the  eye  observes  the 
top  of  the  object  exact- 
ly in  tho  centre  of  the 
mirror,  which,  for  the 
greater  degree  of  accuracy,  may  be  marked  by  a lino  across  it. 
Then  having  measured  the  distance  I)  C,  and  ascertained  the 
height  of  the  eye  of  the  observer,  it  will  be,  from  tho  known 
laws  of  reflection,  a* 


DC  : DE  : : C A 


DEx  C A . n 

DC “ A 


the  altitude  of  the  object  required.  When  the  object  is  inac- 
cessible, that  is,  when  the  distance  C A cannot  be  measured, 
two  such  operations  as  that  above  must  be  employed. 


Prob.  4.  To  measure  a a accessible  or  inaccessible  object,  hy 
the  Geometrical  Square  or  Quadrant.  See  QuiDHAXT.— llivillg 
fixed  the  instrument  at  any  place 
C,  turn  the  square  about  the  centre 
of  motion  1),  till  the  (op  of  the 
object  B is  perceived  in  the  direc- 
tion of  the  sights  placed  on  the 
side  of  the  square  PE,  and  note 
the  number  of  divisions  cut  off 
the  other  side  hy  the  plumb  line 
KG;  then  having  measured  the 
distance  C A.  we  have,  by  similar  triangles,  ns 

EF  : FG  ::  C A or  Dll  : 5A*  ^5  = BH,  to 
E F 

which  adding  the  height  of  the  observer's  eye,  I)C,  we  shall  have 
*■  ^ ■+•  DC  = A B,  the  altitude  sought. 

Prob.  6.  To  measure  an  accessible  object  trigonometrically. — 
Let  A II  be  the  object  of  which  the  altitude  is 
required.  At  any  convenient  station  C,  with 
a quadrant,  theodolite,  or  other  graduated 
instrument,  measure  the  angle  of  elevation 
ACB;  then,  having  also  measured  the  dis- 
tance C*  A,  we  have,  from  the  elementary  prin- 
ciples of  trigonometry,  as 

Rad.  : A C : : ton.  ^ACB  : A B, 
the  altitude  required;  or,  hy  logarithms.  Log.  A B — log. 
A C -p  log.  tan.  ACB  — log.  rad.  Suppose,  for  example,  the 
distance  A C = 340  feel,  and  the  angle  of  the  elevation  AC  II 
— 34°  30* ; then,  by  the  above  formula, 

Log.  A C,  or  log.  340  = 2*5314789 
Log.  tan.  34°30\...  = 9H371343 

12-368613? 

Log.  radius KKKNNHIOO 

Log.  B A = 233G7  . . 2*3686132 


Prob.  6.  To  measure  an  inaccessible  object  by  two  stations. — 
Let  A H be  the  n 

object  of  which  __ ' s' 

the  altitude  is  Esy.57  .-y  / M 

required.  Take 

the  angles  of  - 

elevation  at  the  # ’ v'"  / 

two  stations  D y*‘ 

and  C.  & mea-  -- 

sure  the  1 C « 

tnnee  between  them.  The  angle  I)  B C = the  difference  of  the 
two  measured  angles  BCA  and  U 1)  A,  (Euclid. prop.  16,  hook  !,) 
which  angle  therefore  becomes  known.  And  by  trigonometry, 

a.  sin,  DBC  : DC : : sin.  C D B : ££*. P CB. 

sin.  DBC 


Again,  as  radius  : C B : : sin.  ACB:  (:  B * A C B = 

Rod. 

B A,  the  altitude  required.  Or  substituting,  in  the  second 
expression,  the  value  of  C B,  we  have 

j.  . DC.  X sin.  C D B.  x sin.  ACB. 

Had.  x sin*  DBC. 

Or  by  Logarithms.- From  the  sum  of  the  logarithms  of  the 
terms  in  the  numerator,  subtract  the  sum  of  those  in  the  deno- 
minator. and  the  remainder  will  be  the  logarithm  of  the 
required  altitude  B A. 

Immediately  connected  with  angles  of  altitude,  or  horizontal 
angles,  is  the  consideration  of  Mr.  Harris’s  Micrometrical  and 
Double-image  Telescope  and  Coming-up  Glass.  This  instru- 
ment is  particularly  useful  at  sea,  or  in  situations  when  it  is 
cither  difficult  or  inconvenient  to  keep  an  instrument  in  a steady 
position.  Hence  it  becomes  an  excellent  coming-up  glass  for 
ascertaining  whether  a ship  is  approaching  to,  or  receding  from, 
the  observer.  In  practical  astronomy  it  is  of  very  extensive 
use,  and  as  the  minutes  and  seconds  arc,  in  some  of  the  instru- 
ments, engraved  on  the  scale,  the  angle  is  found  without  the 
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trouble  of  redaction.  The  great  length  of  the  scalo 
too,  which  ii  generally  equal  to  the  focal  length  of 
the  first  object-glass,  renders  the  use  of  the  instru- 
ment very  simple.  And  we  give  this  a place  here, 
because,  under  the  word  Telescope,  wo  shall  have 
enough  to  say  on  the  instruments  of  other  opticians, 
which  are  purely  astronomical. 

Section  I.  Dejori/jfion  of  the  Telescope. — This 
valuable  instrument,  fig.  68,  is  divided  into  fuur 
parts,  or  drawers,  of  which  the  outer  one  contains 
a fixed  object  glass  at  A.  At  C in  the  part  CD  is  a 
moveable  object-glass,  which  by  pushing  the  parts 
11C  and  CD  quite  in,  is  brought  into  contact  with 
the  fixed  object-glass  at  A.  In  this  position  of  the 
drawers,  distinct  vision  is  procured  by  pulling  out 
the  eye-piece  DK  ; and  the  magnifying  power  of  the 
instrument  is  at  its  minimum  or  lowest  degree.  By 
pulling  out  the  drawer  CD,  and  afterwards  the 
drawer  BC,  the  magnifying  power  of  the  glass  is 
made  to  increase  ; and  w hen  both  these  parts  arc 
quite  drawn  out,  and  distinct  vision  procured  by 
re-adjusting  the  cjc-piece  DE,  (which  it  will  be 
found  necessary  to  do  every  time  that  the  position 
of  cither  of  the  drawers  is  altered.)  the  magnify- 
ing power  of  the  glass  is  at  its  maximum  or  greatest 
degree.  In  this  position  of  the  draw  ers  two  scales 
will  lie  perceived  thereupon;  one  adapted  to  the 
single  object-glass  above  mentioned,  and  the  other 
to  a divided  object-glass,  of  which  a particular 
description  will  ho  found  in  the 
last  section.  By  looking  through  Fy.b9. 

the  telescope,  or  at  fig.  50,  two  ^ ^ 

parallel  points  «,  6,  are  seen  pro- 
jecting into  the  field  of  view,  as 
also  a pair  of  fibres,  m n,  op,  0I 
which,  with  the  object-glass,  are 
essential  parts  of  the  instrument. 

For  when  it  is  required  *o  mea- 
sure the  angle  subtended  by  any 
two  points  of  an  object,  in  order  to  ascertain  its  dis- 
tance from  the  observer,  it  is  necessary  that  these  points 
should  be  brought  to  coincide  exactly  with  the  steel  pins, 
which  appear  as  fixed  points  in  the  field  of  view,  as  before 
observed;  which  may  be  thus  effected: — Having  chosen  a sta- 
tion which  you  think  convenient  for  the  observation,  and  two 
conspicuous  points  in  the  object,  shut  the  drawers  BC,  CD 
quite  in,  and  procure  distinct  vision  of  the  points  in  the  object, 
by  pulling  out  the  eye-piece  DE:  the  points  in  the  object  will 
generally  occupy  a less  space  than  that  between  the  steel  pins. 
In  order  that  they  should  coincide,  first  draw  out  the  part  CD 
until  they  are  found  to  do  so  exactly ; and  the  milled  ring  at 
C will  cut  the  scale  at  the  minutes,  and  part  of  a minute, 
which  the  angle  subtending  the  points  contain.  If  the  points 
do  not  coincide  when  the  part  CD  is  quite  drawn  out,  then 
draw  out  BC  until  coincidence  is  procured;  obtaining  distinct 
vision  as  yon  proceed,  and  the  milled  ring  at  B will  shewr  you 
the  angle  as  before.  If,  when  the  drawers  arc  both  shut  in,  the 
points  of  the  object  occupy  a greater  space  than  the  steel  pins, 
you  arc  too  near  the  object,  and  must  therefore  choose  two 
more  convenient  points  upon  it,  or  a more  convenient  station 
by  receding  from  it.  If,  on  the  contrary,  when  the  drawers 
are  quite  out,  the  points  of  the  object  occupy  a less  space  than 
the  steel  pins,  you  arc  too  remote  from  the  object,  and  most 
choose  cither  two  more  convenient  points  thereon,  or  a more 
proximate  station.  Observe,  the  draw  er  BO  is  in  nowise  to  be 
touched,  until  C D is  first  quite  drawn  ont. 

Section  It.  To  ascertain  the  distance  of  an  object  either  at  sea 
or  on  land,  bit  tiro  angles  and  a base  between  them. — When  you 
arc  approaching  the  object,  as  will  be  oftentimes  the  case  at 
sea,  the  first  angle  should  be  obtained  when  the  drawers  are 
nearly,  or  quite  pulled  out.  because  the  angle  will  be  increas- 
ing. But  if  you  are  receding,  the  angle  for  the  contrary  reason 
should  he  obtained  when  the  object-glasses  are  but  little 
apart.  Let  the  two  points  of  the  object  be  called  D and  E,  and 
the  object  C,  (fig.  GO,)  and  let  the  place  of  the  first  observa- 
tion be  called  B.  at  which  the  points  of  the  object  coincide 


with  the  steel  pins  a,b,  when  the  object-glasses  arc  nearly  in 
contact;  in  this  case,  measure  a receding  base  to  A,  which 
should  be  in  a straight  line  from  (ho  object,  and  not  less 
than  i part  of  its  supposed  distance,  reckoning  from  the  object- 
glass  ol*  the  telescope;  and  at  this  second  station,  again  mea- 


sure the  angle  subtending  the  points  of  the  object.  Then  to  find 
the  less  distance  BC ; — Multiply  the  base  by  the  less  angle, 
divide  the  product  by  the  difference  of  the  angles.  The  quo- 
tient will  be  the  less  distance.  To  which  adding  the  base,  you 
w ill,  if  it  be  wanted,  obtain  the  greater  distance.  If,  by  reason 
of  the  distance  of  the  object,  the  steel  pins  cannot  be  conve- 
niently used,  the  parallel  fibres  may  be  tuken  instead,  as  the 
ratio  of  the  angles,  determined  as  above,  will  answer  the  same 
purpose  as  the  angles  themselves,  when  obtained  from  the  coin- 
cidence of  the  steel  points  a.b,  with  D,  E.  in  the  object. 

Example  1.— Wanting  to  know  n distance  from  a fortifica- 
tion, I found  the  angle  subtended  by  two  prominent  points 
thereupon  to  be  180  minutes,  then  receding  130  yards  in  a 
straight  line,  I again  found  the  angto  subtending  these  points 
was  140  minutes. — Now  to  find  the  distances;  We  have  the 
greater  angles  180',  less  angle  140*,  their  difference  40*. 

Length  of  the  base. 160  yards. 

Less  angle 140 

0000 

150 

Difference  of  angles.  ..4,0)2100,0 

Less  distance 625  yards. 

Add  the  base 150 

Greater  Distance 075  yards. 

Example  2. — Standing  in  shore  by  night  towards  the  Lizard, 
I observed  that  the  angle  subtending  the  two  lights  was  40' ; 
then  standing  in  a direct  course  1}  mile  nearer  per  log.  I again 
observed  the  angle  to  be  40, — required  my  distance  from  the 
light  at  the  place  of  the  last  observation.  Here  greater  anglo 
40,  less  anglo  40.  their  difference  6 minutes. 

Length  of  the  base II 

Less  angle 40 

Difference  of  angles  divisor 0)00 

Less  distance 10  miles  required 

Add  the  base II 

Greater  distance Ill 

Section  lit.— To  obtain  the  distance  of  a given  point  from 
any  place,  when  the  inequalities  of  the  ground,  or  proximity  to 
an  enemy’s  guns,  render  it  impracticable  to  measure  a base  from 
that  point.  Let  M he  the  given  point,  and  C the  place  whose 
distance  is  wanted,  (sec  fig  61.)  Let  also  a,  b,  bo  two  coo- 
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beyond  the  reach  of  the  guns  ; bat  in  the  name  straight  line 
with  MC,  and  by  measuring  the  base  AB  and  the  angles  alii. 
a\b,  find  as  in  the  last  section  one  whole  distance  AC.  Then 
at  the  point  M take  the  angle  a M b,  so  will  the  distance  MC 
be  a fourth  proportional  to  the  angles  and  base,  that  is,  angle 
«M6:  angle  a Ait  AC:  MC.  To  find  MC  therefore,  multi- 
ply the  greater  distance  by  the  angle  measured  at  the  greater 
distance  ; divide  the  product  by  the  angle  at  the  given  point, 
and  the  quotient  will  be  the  distance  required. 

Example. — Wanting  to  know  the  distance  of  a point  M,  fig. 
61,  from  a tower  C,  and  circumstances  preventing  my  mea- 
suring a base,  I took  two  remote  stations,  A and  13,  but  in 
the  same  vertical  plane  with  M C,  and  distant  from  each  other 
2 50  yards,  at  which  I measured  the  angles  A and  13,  subtended 
by  two  conspicuous  points  a.  b,  upon  the  tower:  the  angle 
a A b — G0\  and  « B i “ 92' ; and  at  M,  I measured  the  angle 
a M i=  206',  required  the  distance  : First  angle  B=  92,  and 
A “ GO  their  di(T.  = 32* ; and  angle  B vs  — base  719  yards 
A C by  the  last  section  ; then  angle  M,  angle  A : : A C : M C ; 
or  206* : GO1 : : 719 : 210,4  yards. 


Or  as  angle  M . 

. . . 206* 

ariib.  com.  log.  7,08825 

Is  to  angle  A.. . 

. . . ety 

log.... 

1,77816 

So  is  AC 

...  719 

log... 

ToMC........ 

210,4 

log..,. 

. . .2.32313 

Working  by  logarithms,  which  in  general  will  be  fonnd  the  I 
most  expeditious  method. 

Section  IV.  To  measure  the  height  of  an  aeeessible  object. — Let  j 
B A (fig.  62.)  be  an  accessildc  object:  then  from  r point  B,  ns  ! 
near  as  possible  to  the  vertical  line  C 11  A,  measure  the  angle  i 
a B b,  subtended  by  two  conspic  uous  points  at  the  summit  of  the 
object ; measure  also  the  angle  oCi,  subtended  by  the  same 
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i 
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points,  as  seen  from  another  station  C,  and  mcasnre  the  base 
C B.  Then  to  find  the  perpendicular.  Square  the  greater 
and  less  angles,  tnke  the  difference  of  the  squares,  and  the 
square  root  of  this  difference.  Multiply  the  greater  angle 
by  the  base,  and  divide  the  product  by  the  square  root  just  I 
found  ; the  quotient  will  be  the  perpendicular  height  required. 
Or,  if  the  llypothcnnse  A C be  wantrd  : Multiply  the  less 

angle  by  the  base  for  a dividend,  and  divide  by  the  square 
root  above,  and  the  quotient  will  be  the  answer. 

Example : — Wanting  to  know  the  height  of  a tower,  (fig.  62.) 

I measure  from  a point  B near  its  base,  the  angle  subtended  by 
two  points  a and  b at  its  summit,  which  was  130  m.  I then  mea- 
sured 36  yards  to  a point  C,  and  again  took  the  angle  between 
the  points,  and  found  it  180  minutes. 

Here  the  greater  angle. . ..  180  The  less  angle 105 

180  105 

14100  625 

ISO  1030 

8qr.  of  Or.  angle 32400  11025 

Sqr.  of  less  angle 1 1025  — — 

DilT  of  square 21375  (14G,  2 root 

1 Greater  angle 180 

— Base 60 

24)113  

96  1080 

000 

280)1776  

1716  110,2)10080 

2022)3600  Pcrpen.  68,95 

6814  — — 

56,  See. 


It  is  obvious  that  this  question,  even  in  its  most  simple 
slate,  may  be  more  readily  performed  by  logarithms. 


Thus,  greater  angle.. . . 

....  180 

Log.  2,26527 
*2 

Square  of  gr.  angle. ... 

4,61054 

Square  of  less,  angle  . 

....11025 

Piff.  of  Squares 

....21375 

Less,  angle 

....  105 

Log.  2,02119 
2 

11025 

Log.  4.01238 

Piff,  of  Square  Log 

. .2) 4,32000 

Square  root  Log 

..  2,16195  ar.  eo.  log.  7,63505 

Logarithm  of  Or.  angle 2.25527 

Logarithm  of  Base 1,74619 

The  perpendicular  required  08,96 

Log.  l,S38f,l 

Section  v.  To  ascertain  the  distance  of  a hnorn  mepuitudr. — . 
Let  the  distance  between  two  points  D and  E ( fig.  00.)  of  a 
distant  object  be  known,  then  by  choosing  a station  at  13,  so 
situated  that  the  line  joining  these  points  may  be  at  light 
angles  to  the  axis  of  the  telescope,  and  measuring  the  angle 
subtending  these  points  as  seen  from  II,  we  have,  for  ascer- 
taining the  distance  of  B,  from  the  object,  the  following  Trigo- 
nometrical Theorem:  Tangent  angle  B:  I)K::  radius:  tin- 
distance.  Or  to  the  Cotangent  of  angle  II  add  the  logarithm  of 
I)  E;  the  sum,  rejecting  10  in  the  Index,  will  be  the  logarithm  of 
the  distance. 

Example. — Seeing  a ship,  the  height  of  w hose  main-top-gal. 
lant  mast  head  1 take  to  he  159  feet,  or  60  yards  above  tliu 
water’s  edge.  I measure  the  angle  subtended  by  these  points, 
which  is  43  min. — what  is  my  distuncr  from  her? 

Here  angle  B *43*  Log.  Cotangent  11.90278 

Dist.  of  points.. ....  50  Log 1,69897 

Distanrc 3097  Log 3,00175 

So  my  distance  from  the  ship  is  3907  yards,  or  2J  miles  nearly. 

Note. — After  any  given  interval  of  time  you  mar  again 
observe  whether  the  points  arc  still  in  coincidence : if  they  are, 
the  angle  remaining  unaltered  shews  clearly,  that  you  nro  both 
sailing  at  the  same  rate  if  they  do  not  still  coincide  ; but  the 
steel  pins  occupy  a greater  space  than  the  points  of  the  ship, 
the  angle  is  decreasing,  and  you  arc  dropping  astern;  but  if 
the  points  of  the  ship  occupy  u greater  spare,  you  arc  coming 
up  ; and  may,  by  another  observation,  determine  at  what  rate. 
It  may  be  necessary  here  to  observe,  that  any  two  points  may 
be  taken  for  the  above  purposes,  provided  that  their  distance 
from  each  other  is  known,  and  their  position  such,  that  a line 
joining  them  may  be  at  tight  angles  to  the  axis  of  the  tele- 
scope : for  which  reason  the  points  upon  the  masts  are  to  be 
preferred  to  those  upon  the  y ards,  being  less  liable  to  vary 
their  position. 

Section  vi. — It  has  been  hitherto  supposed  that  the  single 
object-glass,  with  the  steel  pins,  has  been  used  in  the  obser- 
vation; these  however  are  liable  to  an  inconvenience  at  sea  ; 
which,  although  it  will  be  overcome  by  practice,  may  not  bore 
be  overlooked  :■  for  when  the  two  points  of  an  object  are 
brought  into  contact  with  the  steel  pins,  the  slightest  motion 
or  tremor  of  the  Imnd  will  again  displace  them,  and  thereby 
render  the  observation,  to  r beginner  especially,  exceedingly 
tedious.  These  inconveniences  may  however  be  entirely 
obviated,  by  substituting  the  divided  object-glass  for  the 
single  moveable  one  at  C in  the  instrument ; and  of  which  the 
following  description  is  submitted  to  notice: — The  divided 
otject-glns.4  consists  of  two  semilenses,  whose  centres  am 
invariably  distant;  when  it  is  used,  by  looking  through  the 
telescope,  two  images  of  the  object  will  appear  upon  the  field 
of  view,  which  by  turning  the  telescope  gently  upon  its  axis, 
will  appear  to  revolve  about  each  other,  being  quite  scpaiaic, 
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if  the  object  dors  not  occupy  more  than  one-third  of  the  field  of 
view  ; hut,  if  otherwise,  the  images  will  overlap  each  other  in 
a greater  or  less  degree.  Now.  suppose  the  object  AC  B I), 
fig.  (i.1,  to  bo  that  under  observation:  then,  if  it  be  required  to 
measure  the  angle  subtended  by  the  part 
A 11  of  the  object ; first  draw  out  CD,  Fup.&X 
and  afterwards,  if  necessary,  the  part 
UC,  until  the  points  a and  h of  one 
image  exactly  coincide  with  their  corre- 
sponding point  A and  B of  tho  other; 
and  the  index  at  C or  11  will  point  out 
the  measure  of  the  angle  subtended  by 
these  points,  upon  the  scale  for  the  di- 
vided object-glass.  If  it  were  required 
to  measure  the  angle  subtended  by  the 
points  B and  D of  the  object,  it  would  be  evidently  necessary 
to  adjust  the  drawers,  until  the  point  d coincided  with  its  cor- 
responding point  D.  It  will  be  found,  that  the  images  have 
different  degrees  of  distinctions  in  different  parts  of  tl»e  field ; 
but  it  will  be  easy  to  make  any  pan  of  an  image  more  distinct 
than  another,  by  changing  its  place  in  the  field  of  view,  and  it 
will  contribute  to  the  accuracy  of  the  observation,  to  bring  the 
part  of  the  image  where  the  contact  is  to  be  obscivcd.  into  the 
centre  of  the  field,  it  being  the  part  where  the  points  of  contact 
will  he  most  distinctly  seen.  As  a coming-up  glass,  the  divided 
object-glass  possesses  an  eminent  superiority  over  the  single 
one,  by  reason  of  the  steadiness  with  which  the  observation 
may  be  made  : for  any  two  points  being  brought  into  contact, 
neither  the  tremors  of  the  hand,  nor  even  the  motion  of  the 
vessel,  will  displace  them ; its  use  may  be  illustrated  as  fol- 
lows; When  a vessel  is  seen  at  a distance,  it  subtends  a cer- 
tain angle  at  the  eye  of  the  observer ; if  the  distance  increases, 
the  angle  will,  of  course,  proportionally  diminish,  and  the  con- 
trary. Now,  if  the  vessel  be  viewed  through  the  doobic-image 
telescope,  and  if  the  drawers  be  adjusted  until  the  two  images 
of  the  whole,  or  a part  of  the  vessel,  be  brought  into  contact ; 
the  index  will  cut  the  scab*  in  the  angle  subtended  by  the  w hole, 
or  that  part.  If  the  images  continue  in  contact,  thr  distance  of 
the  vessel  must  have  remained  the  same. ; hut  if  the  iinngrs 
have  separated  from  each  other,  the  vessel  most  be  receding 
from  the  observer,  and  the  proportion  of  the  distances  may  be 
found  by  again  bringing  the  images  into  contact,  finding  thereby 
the  angle  anew,  anil  thence,  by  the  ‘.id  or  5tli  section,  the  dis- 
tance at  the  time  of  each  observation.  It  may  Lo  also  observed, 
that  the  object,  or  portion  of  an  object,  whoso  angle  is  to  he 
measured  by  means  of  the  double-image  telescope,  should  be 
chosen  as  luminous  as  possible  ; or.  when  it  can  be  obtained,  it 
should  be  a dark  object  with  a light  ground,  such  as  the  top  of  a 
building  with  n sky  behind  it : and  in  measuring  inaccessible 
distances,  as  by  section  2.  the  two  images  of  the  object  PE 
should  appear  separate,  but  as  near  as  possible,  when  the 
observer  is  nt  B,  and  when  the  object-glass  and  semi-lenses  arc 
in  contact. — To  facilitate  the  observation,  this  instrument  is 
sometimes  constructed  with  one  drawer  instead  of  the  two, 
B C,  C P.  which,  with  the  eve-piece,  is  adjusted  by  means  of  a 
rack  and  pinion  upon  each,  the  telescope  being  supported  upon 
a stand  ; and  when  it  is  intended  to  change  the  object-glasses 
in  the  instrument  thus  constructed,  it  will  he  necessary,  in  order 
to  come  at  the  moveable  object-glass,  to  screw  off  the  top  part 
of  the  instrument  idiout  4 inches  below  the  principal  object  - 
g:ass,  having  first  adjusted  the  drawer  quite  in.  And  to  cor- 
rect any  variation  which  may  occur  in  the  sight  of  different 
observers,  no  adjustment  to  the  stop  is  fixed  upon  the  pipe 
containing  the  two  first  eye-glasses,  bv  moving  which,  until  the 
points  nnd  fibres  tire  seen  the  most  distinctly,  the  instrument 
will  be  adjusted  to  the  particular  eye  of  the  observer. — We 
have  here  given  a brief  description  of  this  valuable  instrument, 
its  uses  and  qualities,  and  trust,  that  upon  trial,  it  will  he 
found  to  exceed,  rather  than  fall  short  of,  the  properties  attri- 
buted to  it.  The  examples  which  are  introduced  in  the  diffe- 
rent sections  for  the  purpose  of  illustration,  as  well  as  the  rules  j 
for  working  them,  nrc  applicable  to  cither  the  single  or  divided 
image  glass;  and  the  principles  upon  which  these  rules,  as  well 
as  the  instrument  itself,  nre  constructed,  are  demonstrated  at 
large  in  Or.  Brewster's  Treatise  upon  New  Optical  and  Philo- 
sophical Instruments. 


Analogous  to  the  foregoing,  is  the  Micromttrieai  Telrtmp e, 
which  possesses  all  the  advantages  of  the  common  telescope, 
is  of  great  use  for  military  and  naval  purposes,  and  likewise  in 
surveying,  and  practical  astronomy.  The  object  of  it  is  to  mea- 
sure angles  and  distances,  which  it  does  with  great  facility 
and  accuracy.  From  the  nature  of  its  construction,  it  has  also 
the  properties  of  an  excellent  microscope.  This  ingenious 
instrument,  being  formed  with  sliding  tubes,  is  very  portable 
and  convenient,  and  will  be  found  extremely  useful  to  military 
gentlemen  and  others,  w ho  may  wish  to  ascertain  distances 
w ithout  a more  cumbersome  apparatus.— Those  of  our  readers 
who  already  possess  achromatic  telescopes,  may  have  them 
converted  into  this  instrument  at  a trifling  expense. 

ALYSSUM,  madwort,  a plant  which  was  believed  to  have 
the  property  of  curing  madness. 

AM  A BY  R.  an  old  British  word,  signifies,  “ ihr  price  of  r ir- 
ffinitu,"  and  expresses  a barbarous  custom  which  formerly  pre- 
vailed in  several  parts  of  England  and  Wales,  being  a sum  of 
money  paid  to  the  lord,  when  a maid  was  married  within  his 
lordship. 

AM  A DOYV,  tbc  pvro technical  sponge,  a kind  of  black  tin- 
der, made  of  a species  of  fungus  or  mushroom  that  grows  upon 
the  bark  of  trees  in  Germany. 

AM  ALGAM,  mercury  united  with  some  metal. 

AMAUROSIS,  a deprivation  of  sight,  the  eye  remaining  fair, 
and  seemingly  unaffected, 

AMUR,  an  instrument  used  by  surgeons  for  reducing  dislo- 
cated bones. 

AMBER,  a bituminous  substance,  highly  electric,  and  much 
used  in  medtrine  and  the  arts. 

AMBERGRIS,  or  Gray  Amber,  is  found  swimming  in  the 
Atlantic;  on  the  coast  of  Brazil;  in  the  East  Indian  archi- 
pelago, &c.  and  sometimes  in  the  belly  of  the  spermaceti  whale. 

AMBIENT,  a term  applied  to  fluids  that  encompass  others 
on  all  sides,  as  the  air,  a flame,  fcc. 

AMBIT,  in  Geometry,  the  perimeter  of  any  figure. 

AMBLE,  the  pace  of  a hurst*  when  his  two  legs  on  one  side 
move  at  the  same  time. 

AMBUSCADE,  a place  where  soldiers  may  lie  concealed 
till  they  find  an  opportunity  to  surprise  the  enemy. 

AMERCEMENT,  in  Law. a pecuniary  punishment,  imposed 
on  offenders  at  the  mercy  of  tho  court. 

AMERICA,  the  largest  of  the  four  quarters  of  the  globe, 
extends  from  the  56th  degree  of  south  laiitudc  to  the  unknown 
regions  w ithin  the  arctic  circle,  and  from  the  55th  to  the  166th 
degree  of  west  longitude.  Its  length  is  nearly  1O,O<>0  miles,  and 
its  medial  breadth  about  2000.  America  was  discovered  by 
Christoval Colon,  (or,  as  the  Latin  writers  of the  time  call  him, 
Christopher  Columbus.)  in  four  successive  voyages:  on  the  19th 
of  October,  1402,  ho  discovered  theiscof  San  Salvador;  in  1403, 
the  Caribbee  Islands;  in  I40H,  the  continent  adjacent  to  the 
Orinoco;  and  in  1502,  a great  part  of  the  continent  around 
Porto  Bello.  Amerigo  Vespucci,  n Florentine,  and  a man  of 
science,  who  accompanied  Colon,  published  the  first  account 
of  the  New  World,  find  thus  gave  it  his  own  name  corrupted 
into  America.— America  is  divided  into  two  parts,  called  North 
nnd  South;  and  these  are  again  subdivided  into  separate  king- 
doms and  states. 

North  America  Is  bounded  on  the  north  by  the  unexplored 
Arctic  regions ; on  the  west,  by  the  Pacific  Ocean  and  Beh- 
ring’s Strait;  on  the  sonlh,  by  the  Gulf  of  Mexico;  and  on  the 
east,  by  the  Atlantic  Ocean  ; that  is  to  say,  from  7|°  north  lati- 
tude, to  7*2°  north  latitude;  or  641°,  being  3870  geographical 
miles;  and  from  55°  to  1(15°  west  longitude,  or  HOP,  being 
3300  geographical  miles,  taking  the  number  of  miles  at  thirty  in  a 
degree  of  longitude  at  latitude  OOP.  The  climate  is  very  various ; 
but  in  general,  summer’s  heat  and  winter's  cold  nre  inure  intense 
than  in  most  parts  of  the  continents  of  Europe  and  Asia.  The 
centre  of  North  America  is  a vast  fertile  plain,  watered  by  many 
rivers.  Tho  sens  adjacent  to  North  America  are  Baffin's  Bay, 

I Hudson's  Bav,  the  gulfs  of  California  and  Mexico,  nnd  the  St. 
Lawrence.  The  lakes  nre.  Superior.  Michigan.  Huron,  nnd  .Stave 
lake,  hetw  ecu  Canada  and  the  United  States.  The  rivers  are,  the 
St.  Lawrence,  the  Missouri  *or  Mississippi,  Rio-Bravo,  the 
Ohio,  Red  River,  find  the  Mackenzie.  The  mountains  are,  the 
Stony  Mountains,  the  Apalachian  Chain,  the  Irou  and  Whito 
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Oak  Mountains.  These  ridges  are  usually  marked  on  good 
maps. 

South  America  extends  along  GG°  of  latitude,  or  3060  geogra- 
phical mites ; and  its  breadth  is  48°,  or  28H0  geographical 
miles,  reckoning  from  Cape  Blanco  in  the  west,  to  Cape  St 
Roque  in  the  east.  Many  parts  of  this  vast  continent  arc 
aboriginal  and  impenetrable  forests,  vast  saline  plains,  regions 
flooded  by  inundations  ; and  from  the  summits  of  the  Andes, 
covered  with  eternal  snow,  to  the  torrid  plains  on  the  sea- 
coast,  every  climate  is  perceptible.  The  lakes  are,  Maracaybo 
in  the  north,  100  utiles  in  diameter;  Parima  is  100  miles  long, 
and  50  broad ; lake  Titicaca  is  in  Peru  ; and  in  Chili  is  the 
lake  of  the  Tchucls.  The  rivers  arc  those  of  the  Amazons,  or 
Maranon,  the  largest  river  in  the  world ; Bio  de  la  Plata  ; the 
Orinoco  ; the  Magdalena,  running  north  to  the  Caribbean  sea  ; 
St.  Francis  in  Brazil,  Ac.  The  mountains  are  the  Andes, 
20/2H0  feet  above  the  level  of  the  sea,  and  4, GOO  miles  long.  A 
chain  proceeding  from  west  to  east,  at  nine  or  ten  degrees 
north  of  the  equator.  The  mountains  of  Parima,  or  the  chain 
of  the  Cataracts  of  Orinoco,  from  3°  to  7°  north  latitude.  The 
chain  of  Chiquitos,  between  15°  and  20°  of  south  latitude. 
Between  these  three  great  ridges,  three  immense  valleys  open 
to  the  east,  but  shut  to  the  west,  extending  from  the  Andes 
to  the  shores  of  the  Orinoco,  Amazons,  and  Buenos  Ayres.  Of 
these  plains,  that  of  Amazons  is  covered  with  impenetrable 
forests ; while  those  of  Orinoco,  and  Pampas,  or  Buenos  Ayres, 
are  grassy  valleys  or  savannas,  so  level,  that  for  bOO  square 
leagues,  no  elevation  or  inequality  can  be  seen. 

A 'ortk  Amrrira. — The  United  States  of  America  occupy 
that  portion  of  North  America  which  lies  betw  een  the  Missis- 
sippi ou  the  west,  the  lakes  and  the  St.  Lawrence  on  the  north, 
and  the  Atlantic  and  the  Gulf  of  Florida  wash  their  eastern 
and  southern  extremities.  The  population  is  above  1*2  mil- 
lions, including  1,200,000  slaves!  And  it  is  inferred,  that  the 
population  of  this  country  doubles  itself  every  twenty  years. 

States.  Relative  Situations.  Towns. 


Main Portland. 

New  Hampshire Portsmouth. 

Vermont.  of  New  j lieouington. 

Hampshire S 

Massachusetts.. .......  ^ Boston. 

Rhode  Island * Newport. 

Connecticut Newhaven. 

New  York New  York,  Hudson's  River. 

New  Jersey t0  Trenton,  on  the  river  Delaware 

Pn"w  'jersey  "" } \ Phil.delpl.ia, on  Delaware. 

Delaware Dover,  on  Delaware  Bay. 

Maryland SW  Anaapolis.or  ChcMpcak  Bay, 

Territory  of  Columbia..  * * WASHIMOTOM.onriv.Potomac 

Virginia Richmond,  on  James's  River. 

North  Carolina Ncwbcrn,  Nase  River. 

South  Carolina  . . • Charleston. 

Georgia Savannah, on  SavanoahSound 

Hack  Settlements. 

Indiana... } N.to  Clarksburg. 

Franklinia ] 8.W.  Knoxville,onrivcrTennessce. 

Western  Territory a Clarksville,  on  the  river  Ohio. 

Kentucky.  f to  S Lexington. 

Tennessee V Nashville, on  CumbcrlandRiv. 

The  Aborigines  (wild  and  rude  tribes  of  savages)  occupy  all 
the  part  between  Georgia  and  the  river  Mississippi. — The 
government  is  vested  in  a president,  chosen  every  four  years, 
and  two  councils  or  senates ; the  members  of  the  superior 
senate  being  chosen  every  sixth  year,  and  those  of  the  inferior 
every  second  year.  The  president  is  a dsmocratical  king,  in 
whom  the  executive  government  is  vested.  Each  province  has 
its  government  or  senate,  consisting  of  a house  of  representa- 
tives. The  president  commands  both  the  army  and  the  navy  ; 
tho  former  is  inconsiderable,  but  the  latter  augments  with 
auspicious  rapidity.  The  revenue  is  about  twelve  millions  of 
dollars,  the  expenditure  about  ten  millions  ; the  national  debt 
Is  seventeen  millions  sterling.  The  Americans  arc  cold  and 
reserved,  evincing  a contempt  of  strangers,  and  excessively 


bigoted  in  religious  matters,  though  their  tenets  are  as  various 
as  schismaiical  invention  can  render  Christianity.  The  col- 
leges and  academies  are  numerous,  but  the  American  booksel- 
lers reprint  twenty  British  works  for  one  originally  transatlan- 
tic. The  chief  cities  arc,  New  York,  Philadelphia,  Charleston, 
and  Baltimore,  for  commerce;  and  Boston  for  its  fannticai 
spirit.  New  Orleans  is  situated  on  the  Mississippi  ; Norfolk  is 
the  chief  port  of  Virginia.  The  inland  navigation  of  the  tinted 
States  is  very  superior,  but  the  public  roads  are  indifferent. 
The  manufactures  are  in  general  in  their  infancr,  though  in 
some  things  the  Americans  have  made  considerable  progress, 
as  must  be  evident  from  the  population  being  chiefly  composed 
of  Britons  and  Germans,  the  two  most  persevering  mechanical 
nations  of  Europe.  The  climate  is  remarkable  for  sudden 
transitions  from  beat  to  cold  ; but  the  seasons  in  general  cor- 
respond with  those  in  Europe;  and  the  soil  is  for  the  most  part 
fertile.  Three  parts  in  four  of  the  population  are  directly  or 
indirectly  connected  with  agriculture,  which  therefore  thrives 
well;  and  while  the  southern  states  resemble  our  West  India 
plantations,  the  orchards  and  corn-fields  in  the  northern  states 
bear  a great  resemblance  to  those  of  Lothian  and  Worcester- 
shire. The  rivers  are,  the  Mississippi,  the  Ohio,  the  Illinois, 
the  Uisconsin,  the  Chipaway,  St.  Croix,  the  Great  and  Little 
Miami,  the  Wabash,  the  Great  Krnnawav,  Kentucky,  the 
Green  River,  the  Cumberland,  and  the  Tennessee,  Into  the 
Atlantic  flow  St.  Croix,  Penobscot,  the  Kennebec,  the  Saco, 
the  Merimac,  the  Connecticut,  the  Hudson  river,  the  Delaware, 
the  Susquehanna,  the  Potomak,  James's  river,  the  Shenandoa, 
the  Black  Water  and  Staunton,  the  Pcdee,  the  Santee,  the 
Savannah,  and  tho  Attamala.  The  lakes.  Cedar.  Little  Win- 
neprg,  and  Leech,  Champlain,  Lake  George,  Oneida,  Cayuga, 
and  Scnnaka.  The  others  wc  hate  mentioned.  The  chief 
mountains  arc,  the  Apalachian,  the  White  and  Green  mountains 
in  the  northern  districts,  the  Land's  Heights,  the  Savage  and 
Bald  mountains,  and  the  Allegany  or  Blue  mountains.  The 
aboriginal  forests  arc  large  and  numerous;  and  the  lake  of  the 
Dismal  Swamp,  150,000  acres- in  extent,  is  covered  with  trees 
of  prodigious  br  ight,  choked  up  with  brushwood,  so  ns  to  render 
the  swamp  impervious.  Bears,  wolves,  deer,  and  other  wild 
animals,  roam  undisturbed  here.  The  lake  or  marsh"of  Ona- 
quafenoga,  in  Georgia,  is  300  miles  in  circumference,  and  con 
tains  many  fertile  islands,  one  of  w hich,  called  Paradise,  or  the 
Happy  Isle,  is  inhabited  by  a peculiai  race  of  Indians,  whose 
women,  from  their  incomparable  beauty,  are  called  the  daugh- 
ters of  the  sun.  The  islands  belonging  to  the  United  States, 
arc  Long  Island,  a few  insular  strips  of  land  near  the  shores  of 
North  Carolina,  with  others  scattered  along  the  coast,  and  in 
the  various  bay  s and  lakes. 

The  Spanish  Dominions  in  North  America. — These  domi- 
nions are  2200  miles  in  length,  and  about  40U  in  breadth  ; and 
the  population  amounts  to  eight  millions,  of  whom  four  millions 
and  a half  are  Indians,  two  millions  and  a half  n mixed  race, 
and  one  million  of  Spaniards.  And  wc  might  divide  them  into 
East  and  West  Florida,  California,  and  New  and  Old  Mexico: 


thus,  1st.  On  the  Pacific  arr. 

Divisions.  Rel.  Sit.  [ Chief  Towns. 

California,  n.  «p St.  Juan. 

Sonora... j Mazntlan. 

Gundnlaxnra Guudalaxara,  on  Rio  Grande. 

Valladolid Valladolid. 

Mexico N.  Mexico,  on  the,  lake  of  Mexico. 

Puebla Tlascalla. 

Oaxaca > to  Oaxaca,  on  Bio  Verde. 

Guntimala I Gunlinialn. 

Nicaragua S.E.  : Fort  St.  Juan,  on  Rio  de  St.  Juan. 

Costurico I Carfago. 

Veragua. j St.  Yago. 

Panama  J I Panama,  on  Panama  bay. 

On  the  Atlantic  are , 

New  Leon  . . . , ' New  Santander. 

Vera  Cruz J v Tampico,  on  Kio  Tampico. 

Tabasco  f j Villa  Hcrmosa,  on  Bio  Tabasco. 

Yucatan s J®  Salnmanca. 

Verapaz V 55'K‘  Santa  Cruz,  ou  the  gulf  of  Dulce, 

Honduras j | Truxillo. 
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fn  the  Interior  ore. 

New  Mexico,  proper  **  i Santa  Pi,  on  Rio  BraTO. 

Durango I N.  | N ombre  dc  Dios. 

Zacatecas 1 toS.  Zacatecas. 

Guanaxuato I I Guanaxuato. 

The  soil,  produce,  and  climate  of  these  dominions  arc  thus 
described : — Extensile  savannas  feed  numerous  herds  of 
cattle;  the  mountains  abound  in  the  precious  metals;  the 
climate  is  singularly  diversified  between  the  tropical  seasons 
and  rains,  and  the  temperature  of  the  southern,  and  even  mid- 
dle countries  of  Europe.  The  climate  lias  a ruling  iulluencc 
over  the  diseases  of  these  regions,  among  which,  the  yellow- 
fever  is  one  of  the  most  fatal,  but  it  usually  confines  itself  to 
sea-ports.  The  soil  is  often  a deep  elay,  surprisingly  fertile, 
and  requiring  no  manure,  save  irrigation;  hut  the  division  of 
land  is  far  more  unequal  than  in  Europe,  yet  agriculture 
flourishes.  The  chief  products  arc  wheat,  cotton,  indigo, 
tobacco,  cochineal,  California  is  famous  for  fish,  and  a pearl 
fishery  ; and  in  the  centre  of  this  peninsula  is  a plain  of  rock 
salt,  as  firm  and  pellucid  as  crystal. — The  province  of  Vallado- 
lid, the  most  delightful  of  these  fertile  regions,  produces  the 
pine-apple, pomegranate,  fig.  citron,  lemon,  orange,  and  cocoa- 
nut  trees,  sugar  canes,  indigo,  jalap,  &cc.  And  its  chief  ports 
arc  Vera  Cruz  and  Acapulco. — The  kingdom  of  Mexico  is  by 
far  the  most  important  of  these  settlements,  ns  its  capital, 
Mexico,  is  the  chief  city  of  Spanish  America,  The  population 
of  this  city  is  150.U00  inhabitants,  and  it  is  the  seat  of  a vast 
commerce  between  Vera  Crus  and  Acapulco.  Mexico  is 
situated  in  a vast  plain,  7475  feet  above  the  level  of  the  sea. 
The  religion  is  the  Roman  Catholic,  and  one-fifth  of  the  Spa- 
niards are  ecclesiastics,  monks,  friars,  and  nuns.  The  inquisi- 
tion ruled  here  with  fanatic  fury  in  former  times.  In  Mexico 
there  is  an  enclosure  between  four  walls,  filled  with  ovens,  into 
which  are  thrown  the  unhappy  victims  of  the  inquisition,  con- 
demned to  be  burned  alive  ! There  arc  in  Mexico  no  remains 
of  what  our  historians  have  fabled,  and  its  chief  remaining 
antiquities  appear  to  be  earthenware,  ruins  of  dykes  and  aque- 
ducts, some  colossal  statues,  hieroglypliical  pictures,  weapons, 
and  knives  of  sacrifice.  The  government  of  Mexico  is  the 
chief  of  Spanish  America,  and  it  is  extended  over  a territory 
equal  to  an  European  empire.  The  sovereign's  power  extends 
to  the  patronage  of  all  the  churches,  the  disposal  of  lucrative 
offices,  monopolies,  connivances,  presents;  and  his  court, 
upon  a regal  plan,  is  hemmed  in  by  horse  and  foot  guards, 
while  bis  household  and  numerous  attendants  swell  the 
pageantry.  Guatemala  is  ruled  by  a president,  wbo  is  also  I 
captain-general  of  the  troops.  Each  of  the  interior  provinces 
lias  its  president.  The  army  has  been  computed  at  40,000 
men  ; but  it  is  difficult  to  speak  near  truth  on  the  revenne,  and 
several  other  matters  of  general  geography,  belonging  to  the 
Spanish  dominions  in  North  America.  Tbo  independence  of 
Mexico  has  been  formally  acknowledged  by  Great  Britain. 
This  country  is  still  partly  ruled  as  formerly,  but  it  seems  proba- 
ble that  its  government  will  be  assimilated  to  that  of  the  United 
States.  The  chief  towns  are.  Tasco.  Guanaxuato,  Guatimala, 
Xalappa.  Merida.  Santa  Fe,  Panama,  Porto  Bello,  and  Aca- 
pulco. Tasco,  situated  GtJOO  feet  above  the  level  of  the  sea,  is 
the  seat  of  the  noted  mines  of  Moran  and  Oyamcl.  The  sur- 
rounding region  is  covered  with  oaks  aod  pines,  and  the  crops 
of  wheat  and  barley  arc  very  abundant.  But  Guanaxuato 
boasts  the  richest  silver  mines  In  the  world;  that  of  Valencia 
yielding  its  proprietor  a revenue  of  €130,000  annually,  and 
produces  above  half  a million  sterling.  This  mine  is  ',280 
fathoms  in  depth.  In  1773.  Guatimala  was  destroyed  by  an 
earthquake,  and  8000  families  perished ; but  the  new  city  is 
well  peopled.  Xalappa  is  romantically  sitnated  in  a fine 
climate,  about  the  middle  of  Vera  Cruz;  and  near  it  the  snowv 
cak  of  Oriznla.  or  tlic  star  mountain,  rises  to  the  sublime 
eight  of  17,300  feet  above  the  level  of  the  sea.  In  Merida, 
the  capital,  resides  the  governor  of  the  province  of  Yucatan. 
Another  governor  resides  at  .Santa  F6.  Panama  has  n rich 
pearl  fishery,  and  is  the  noted  resort  of  merchant  vessels. 
Porto  Bello  is  a fine  haibour,  and  is  celebrated  for  its  fairs, 
which  arc  much  frequented  by  merchants.  And  though  the 
climate  of  Acapulco  be  sultry,  it  engrosses  tbe  chief  Indian 
trade  over  the  Pacific. 
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The  British  Possessions;  Canada,  Ac.— Canada  extends 
from  the  Gulf  of  St.  Lawrence  to  Lake  Winoapeg,  MOO  miles  ; 
and  its  average  bieadth  is  about  200  miles.  This  country  is  iu 
general  mountainous  and  woody  ; but  in  Upper  Canada  there 
arc  savannas  and  plains  of  great  beauty.  In  the  lower  pro- 
vince, tbe  soil  is  a loose,  black,  fertile  mould,  of  a foot  thick, 
resting  on  clay.  The  climate  is  salubrious,  but  cold  during 
winter,  w hich  continues  eight  months  severe.  Canada  exports 
furs,  hides,  timber,  fish,  potash;  and  receives  spirits,  wine, 
tobacco,  sugar,  salt,  and  manufactured  goods,  chiefly  from 
England.  The  established  religion  is  the  Protestant,  super- 
intended by  the  Bishop  of  Quebec,  But  as  tbe  French  were 
the  first  possessors  of  Canada,  there  are  many  Catholics.  Tho 
Protestant  clergymen  are  12,  the  Catholic  126,  from  which  it 
appears  in  w hat  ratio  the  Catholics  outnumber  the  Protestants. 
The  chief  towns  are,  Quebec,  Sorelle,  Trois-Riviers,  Montreal, 
and  Kingston,  Quebec,  upon  the  north  of  the  river  St.  Law- 
rence, is  immortalized  by  the  death  of  General  Wolfe.  The 
population  amounts  to  10,000  souls ; and  tbe  adjacent  country 
presents  much  sublime  and  picturesque  scenery.  From 
December  to  April,  the  river  is  frozen  over  here.  Montreal, 
150  miles  above  Quebec,  has  altout  7000  inhabitants,  and  its 
chief  traffic  is  in  furs,  w hich  the  traders  purchase  from  the 
Indians.  Kingston  is  situated  on  the  Lake  Ontaiio.  at  the 
grand  egress  of  the  river  St.  Lawrence.  Trots- Rivicrs  is  the 
grand  resort  of  the  Indians,  and  its  population  is  not  more 
than  1500  souls. — The  island  of  Newfoundland,  about  320  miles 
in  length  and  breadth,  lias,  as  its  chief  towns,  St.  John,  Placen- 
tia, and  Bonavista.  The  population  does  not  exceed  a thousand 
families  during  tbe  winter.  The  celebrated  station  on  the 
banks  of  New  fun ndl and  is  more  than  4i>0  miles  in  length,  and 
about  MO  io  breadth  ; the  water  being  from  twenty-two  to  fifty 
fathoms,  with  a great  swell,  and  frequently  a thick  fog.  Tho 
chief  fishery  begins  on  the  10th  of  Mny,  and  continues  till  tho 
end  of  September ; the  greatest  number  of  cod-fish  taken  by  a 
single  fisherman  is  about  twelve  thousand,  the  average  is  seven 
thousand.  The  largest  fish  arc  each  about  four  feet  three  indies 
in  length,  and  weigh  about  forty-six  pounds.  Upwards  of 
500  English  vessels  frequent  these  banks,  and  about  the  same 
number  of  Americans  and  French. — New  Brunswick  is  sepa- 
rated from  the  province  of  Main,  belonging  to  tho  United 
States,  by  the  river  St.  Croix  ; and  the  Apalachian  mountains 
pass  along  the  north-west  of  this  province.  The  capital  is 
Frederick  Town,  on  the  river  St.  Juhn,  which  a fiords  a com- 
mon and  near  route  to  Quebec.  Some  settlements,  commanded 
by  Fort  llowc,  have  been  established  in  the  bay  of  Fundi. — 
Nova  Scotia  is  a province  on  the  east  of  Canada,  and  south  of 
the  river  St.  Lawrence.  New  Brunswick  is  the  more  northerly. 
Nova  Scotia  the  more  southerly.  And  the  Bay  of  Fundi, 
between  New  Brunswick  and  Nova  Scotia,  extends  fifty 
leagues  inland,  the  ebbing  and  the  flowing  of  tbe  tide  being 
from  forty-five  to  sixty  feet.  Halifax,  the  capital  of  Nova 
Scotia,  contains  16,000  inhabitants;  and  the  Bay  of  Fundi  is 
remarkable  for  its  sublime  and  picturesque  scenery.  Tho 
island  of  Cape  Breton,  close  to  Nova  Scotia,  has  a cold  and 
foggy  climate,  and  the  soil  is  a mere  moss,  unfit  for  agriculture. 
But  the  fur  trade  and  fisheries,  at  its  chief  towns,  Sidney  and 
Louisbourg,  are  very  considerable.  The  Bermudas,  or  Summer 
Islands,  are  situated  about  half-way  between  Nova  Scotia  and 
the  West  Indies. 

Native  Tribes,  and  Unconquered  Countries.— These  are, 
Greenland,  Labrador,  the  regions  round  Hudson’s  and  Baffin's 
Hap;  the  central  parts,  and  the  western  coast.  Greenland  was 
visited  by  the  Norwegians  in  the  year  668,  above  600  years 
before  Colon  discovered  San-Salvador  or  Cat  Island.  But 
about  1400,  about  eighty-six  years  before  Colon's  discovery, 
by  the  gradual  increase  of  the  arctic  ice,  the  Norwegian  colony 
was  completely  imprisoned  by  the  frozen  ocean.  This  dreary 
region  consists  of  rocks,  ire,  and  snow  ; and  in  the  south-west 
there  are  Danish  and  Moravian  settlements.  The  botany  is 
made  rip  of  junipers,  willows,  and  dwarf  birches.  The  zoology, 
of  rein-deer,  wolf-dogs,  foxes,  bears;  sea-fowl,  fish,  and  a few 
species  of  insects.  The  natives  arc  American  Samoieds,  or 
Iskimoia,  short  of  stature,  with  long  black  hair,  small  eyes, 
and  flat  faces  ; and  tbeir  numbers  do  not  exceed  ten  thousand, 
chiefly  employed  in  catching  seals  and  in  fishiug.—  Labrador, 
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supposed  to  have  born  discovered  by  the  Norwegians  nboat  the 
year  1003,  receives  its  name  from  a Portuguese  navigator,  who, 
in  lfipo,  arrived  at  it  in  search  of  a north-west  passage.  The 
natives  an*  Iskimoi*  savages  of  filthy  manners,  and  a rare  of 
mountaineers  resembling  gipsies,  but  with  French  features, 
and  in  their  religion  Roman  Catholics.  This  country  abounds 
in  bears,  rein-deer,  foxes,  martins,  and  beavers ; the  lakes, 
rivers,  and  pools,  arc  rich  in  salmon,  trout,  pike,  barbel,  aud 
other  fishes.  The  bears  arc  remarkably  fond  of  salmon,  and 
will  assemble  in  numbers  at  the  cataracts  w here  the  salmon 
ascend,  to  catch  their  favourite  prey.  Some  dive  after  the  fish, 
and  do  not  appear  again  till  at  the  distance  of  sixty  or  seventy 
yards.  But  they  arc  usually  successful  in  the  pursuit.  Others 
appear  mere  loungers,  that  have  come  only  to  see  the  sport, 
and  enjoy  the  promenade  among  the  surrounding  alders, 
spruce-firs.  larches,  birch,  and  aspin  trees.  Nor  is  it  an  unusual 
thing  for  two  score  of  white  bears  to  be  present  at  this  specta- 
cle!— The  regions  round  Hudson's  Hay  are  held  by  the  Hud- 
son’s Bay  Company,  and  the  North-West  Company,  both  Eng- 
lish ; hence  these  regions  have  been  called  New  Britain.  The 
parts  on  (be  west  of  Hudson's  Bay  have  also  been  called  New 
North  and  South  Wales,  while  that  on  the  east,  between 
Labrador  and  the  bay,  is  called  East-Main.  Hudson’s  sea  pre- 
sents bold  rocky  shores,  or  marshes,  and  large  beaches  ; the 
winters,  even  in  latitude  76°,  arc  extremely  severe ; mock 
suns  or  hulos  arc  frequent;  the  sun  itself  rises  and  sets  with  a 
large  cone  of  orange-coloured  light ; the  aurora-borealis  dif- 
fuses its  variegated  splendour  with  as  much  brightness  as  the 
full  and  cloudless  silvery  moon;  and  the  stars  scintillate  with 
uncommon  redness.  The  central  parts  arc  only  known,  front  the 
travels  of  Hrarnr,  Mackenzie,  and  Franklin.  These  parts  are 
inhabited  by  various  tribes  of  ludians,  who  are  chielly  em- 
ployed in  hunting  anti  fishing.  The  animals  found  are  those 
peculiar  to  northern  latitudes  ; the  rivers  and  Jakes  arc  stored 
with  fish  and  water  fowl ; and  so  numerous  were  the  herds  of 
elks  and  buffaloes  which  Mackenzie  met  with,  where  the 
scenery  was  interspersed  with  hill  and  law  n,  that  the  country 
resembled  a stall-yard.  The  natives  towards  the  Pacific  are 
fairer  than  those  of  the  central  parts,  and  eviuco  a decided 
superiority  in  tbc  arts  and  in  their  manners.  The  western 
coast  comprises  all  those  shores  stretching  from  Behring’s 
Strait  to  New  Mexico,  ft  is  bounded  inland  by  a great  chain 
of  mountains,  arid  the  whole  region  is  chielly  alpine,  hearing  a 
strong  resemblance  to  Norway.  The  natives  aro  savages  ; in 
some  tribes  mild  and  affable,  ns  well  as  just  in  their  dealings; 
in  others,  cruel  to  strangers,  and  brutal  to  their  captives  taken 
in  war,  as  the  savages  of  Nootkn  and  the  Mosquiuas,  who 
nmssncrrd  the  Franciscan  missionaries  ; and,  among  the  whole, 
the  females  are  held  in  abject  subordination. 

The  Isles  of  Colon,  or  the  West  Indies. — These  islands  are 
Cuba.  St.  Domingo  or  Hnyti,  Jamaica.  Porto  Rico,  the  Antil- 
les, Carilihrc  or  Lrcward  islands,  Trinidad,  and  the  Bahama 
islands.— Cuba  Is  # * mites  long,  but  only  70  broad.  This 
island  is  fertile,  producing  excellent  sugar,  ami  the  famous 
Hnvnnmih  tobacco.  It  is  governed  by  a Spanish  governor- 
general  ami  eighteen  magistrates.  The  chief  town  is  Havan- 
nab.  and  the  people  ate  fund  of  bull-fights,  cock-fightings, 
balls,  and  good  living. — St  Domingo,  or  llayti,  is  now  an  inde- 
pendent empire;  the  national  assembly  of  France  having 
passed  decrees  for  the  mulattocs,  or  people  of  colour,  to  vote 
for  representatives,  the  slaves  rose  against  their  oppressors, 
and  after  many  battles,  have  effected  their  independence  ; und 
the  island  is  now  governed  ns  a republic,  after  the  fashion  of 
the  United  States  of  America.  The  products  of  this  island  arc 
similar  to  Cuba  aud  Jamaica. — Jamaica,  nn  English  settlement, 
is  170  miles  long,  and  GO  broad.  It  is  divided  into  three  coun- 
ties. Cornw  all  in  the  west,  Middlesex  in  the  centre,  and  Surrey 
in  the  east.  St.  Jagu  or  Spaniih  town,  is  the  capital,  aud 
Kingston  the  chief  sea-port.  The  products  are  sugar,  rum. 
coffee,  indigo,  ginger,  pimento.  The  legislature  consists  of  a 
captain-general,  or  governor  ; a council  of  tw  elve,  nominated 
by  the  king  ; a house  of  assembly,  of  forty  members,  who  arc 
freeholders.  The  bread-fruit  tree  has  been  introduced.  The 
Blue  Mountains  rise  7430  feet  above  the  level  of  the  sea. 
Porto  Rico,  belonging  to  Spain,  is  120  miles  long  and  40  broad. 
It  is  a fertile,  beautiful,  and  well-watered  island;  producing 


cotton,  sugar,  ginger,  hides,  drugs,  and  sweetmeats.- The 
Caribbec  Islands,  extending  from  Tobago  in  the  south,  to  the 
Virgin  Islands  in  the  north,  arc  of  noted  fertility  and  commer- 
cial advantage,  producing  sugar,  cotton,  rum,  coffee,  indigo, 
&c.  These  islands  are,  lJarbadoe-s,  Antigua,  St.  Christopher’s, 
St.  Vincent,  Dominica,  Grenada,  Montserrat,  Nevis,  Trinidad, 
and  the  Virgin  isles,  belonging  to  Great  Britain.  The  French 
Caribbee  islands  are  Martinique.  Guadeloupe,  St.  Lucie, 
Tobago,  and  some  islets.  Tbc  Danes  possess  St.  Croix,  St. 
Thomas,  and  St.  John,  attached  locally  to  the  Virgin  group. 
St.  Bartholomew  belongs  to  Sweden  ; and  St.  Eustatius  to  the 
Dutch.  Trinidad  is  about  sixty  miles  long  by  fifty  broad;  the 
climate  is  delightful ; and  two  thirds  of  the  soil  is  most  fertile. 
— The  Bahama  or  Lucnyos  Islands  comprise  A HCo,  Bahama, 
Etcuihcra,  Providence,  Cat  Island  or  Sau-Salvador,  Crooked 
Island,  and  Cayo.  The  inhabitant  are  whites,  English  aud 
Spanish,  with  many  negroes.  These  West  India  islands  afford 
cotton,  logwood,  mahogany,  the  cabbage -palm-tree,  rising  200 
feet,  the  tamarind  tree,  with  its  airy  clcgnncc  and  acid  pods, 
the  alder,  and  elm ; the  fruits  are  apples,  peaches,  tigs,  grapes, 
pomegranates,  oranges,  pine  apples,  cashew -nuts,  cocoa-nuts, 
ami  guavas;  and  the  spices  arc  numerous  and  cxuuisitc. 

S>tuth  America.— The  extent  of  this  continent  has  already 
been  noticed.  It  is  divided  into  the  Spaniel)  dominions ; the 
Portuguese  dominions  ; the  French  dominions  ; the  Dutch  ter- 
ritories ; and  the  countries  possessed  by  the  native  tribes.  The 
Spanish  dominions  onct*  comprised  the  viceroy altics  of  La 
Plata,  Peru,  aud  New  Granada,  with  the  Canteens,  and  some 
inferior  governments.  The  Portuguese  dominions  are,  Brazil, 
and  part  of  Guiana  : the  French  and  Dutch  were  also  in  Gui- 
ana; and  the  native  tribes  possess  Patagonia  and  other  coun- 
tries. The  Spanish  dominious.  that  is  to  say,  the  countries 
subject  to  Spaniards,  whether  independent,  or  governed  by  the 
mother  country,  euntain  a population  of  4)  millions  of  souls ; 
aud  are  divided  into,  lx*.  The  Territories  on  the  Caribbean 
Sea,  comprising  Venezuela,  Cumana,  Guiana:  chief  towns, 
Lcoa  dc  Caraccas,  Cumana,  St.  Thomas.  2rf/y.  The  Territo- 
ries ot»  the  Pacific,  comprising  New  Granada,  Peru.  Chili,  La 
Plata;  chief  towns.  Carlliagena,  Lima,  St.  Jago,  Buenos 
Ayres.  Venezuela  is  now  nn  independent  republic  ; a portion 
of  Cumann  is  also  free  from  the  Spanish  yoke  ; and  the  whole 
of  these  territories  have,  in  our  owu  times,  bccu  erected  into 
independent  states.  (1826.) 

The  Kingdom  of  La  Plata.— The  kingdom  of  La  Plata,  or 
Buenos  Ayres,  may  be  thus  described.  Io  extent  it  reaches 
from  14°  south  to  near  38°,  that  is,  74°,  nr  1440  geographical 
miles  in  length  ; and  in  breadth  about  12°,  or  720  geographical 
miles.  The  population  is  about  2)  millions  of  sonls.  The 
government  was  managed  by  a viceroy,  who  had  also  the  title 
of  captain-general,  and  his  jurisdiction  extended  to  the  whole 
of  tlm  poliiic.il  management,  except  the  royal  treasury  ,-  which 
was  managed  by  the  paymnster-gcncral  of  tbc  army.  The 
strength  of  the  army  is  not  considerable,  but  some  of  its  native 
troops  arc  expert  in  the  spear,  the  rope,  and  tire  ball.  In  their 
manners,  the  people  resemble  the  European  Spaniards,  because 
it  has  been  the  policy  of  Spain  to  excite  the  colonists  to  remain 
in  the  new  territories;  find  this  she  did  by  flic  superlative* 
prudence  of  the  council  of  the  Indies,  an  assembly  of  her  most 
enlightened  men.  Indeed,  the  whole  government  of  the  Spanish 
colonics  in  America,  has.  for  n series  of  years,  been  managed 
by  this  council.  The  chief  ritics  arc,  Buenos  Ayres,  on  the 
west  side  of  Ibe  river  La  Plata,  nn  agreeable  place,  containing 
40,000  inhabitants,  and  maybe  considered  the  grand  mart  of 
European  goods  passing  to  Peru.  Montevideo  is  celebrated 
for  its  hnibour;  Santa  Fe  is  on  the  great  river  La  Plata; 
Pot 1 1 si  is  fnnmus  for  its  mountain  of  silver,  which  the  avarice 
and  labours  of  370  years  have  scarcely  lessened.  La  Paz,  an 
elegant  and  clean  town  in  the  same  region,  trades  chiefly  in  the 
noted  tea  of  Paraguay.  Mendoza,  in  a pleasant  situation  on 
the  eastern  declivity  of  the  Andes,  is  in  the  celebrated  passage 
through  those  mountains  to  Peru.  Chucuito,  on  the  grand 
Lake  Titicaca,  is  a cheerful  and  convenient  town,  surrounded 
by  n cold  climate,  but  a fertile  soil.  Pimo  is  a rich  and  popu- 
lous town ; Oruro  is  noted  for  its  mines  : Oropesa  is  the  capital 
of  Cocharnhnmba,  once  the  granary  of  Peru ; Manta  Cruz  is  a 
famous  missionary  station;  Jujuy  is  celebrated  fur  its  cattlo- 
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trade  ; StlM  for  it*  annual  fair  in  the  valley  of  Lerma.  where 
60,000  mule*  and  6000  horses  are  commonl  y cuilected  for  sale. 
The  commerce  between  Buenos  Ayres  and  Peru  is  carried  on 
by  means  of  litUc  waggons  drawn  by  oxen  as  far  as  Jujuy  and 
Mendoza,  where  it  is  necessary  to  have  recourse  to  mules  on 
account  of  tho  mountain.  Commerce  having  increased  the 
circulation  of  money,  agriculture  has  made  rapid  progress 
amidst  the  fertile  plains  of  this  extensive  region.  In  regard  to 
its  natural  geography,  the  kingdom  of  La  Plata  boasts  of  noble 
rivers,  as  the  Parana  or  La  Plata,  the  Paraguay,  the  Uruguay, 
aud  the  Mendoza.  The  Mendoza  has  pierced  a hill,  and 
formed  a natural  bridge,  over  which  three  waggons  may  pass 
abreast.  Aud  its  lakes  are  generally  salt;  but  sonic  arc  sued 
water,  and  that  of  Titicaca  is  celebrated  for  an  island  in  which 
the  Innas  dedicated  a temple  to  the  sun.  The  Indians  have  a 
tradition,  that  when  the  Spaniards  entered  the  country,  great 
treasures  were  thrown  into  this  lake,  and  among  others  the 
great  chain  of  gold,  so  long  that  6000  men  danced  in  the  ring  it 
formed.  The  mountains  of  Cordova,  by  some  regarded  as  a 
branch  of  the  Andes,  aro  covered  with  perpetual  snow.  In  the 
botany  of  La  Plata,  wcfiudthe  cinchona,  or  Jesuits' hark,  rhu- 
barb, jalap : the  carrob  tree,  which  in  w inter  affords  a palatable 
drink  and  fond  to  both  man  and  beast;  the  tea  of  Paraguay,  com- 
posed of  the  leave*  of  a small  tree  resembling  the  orange.  In  the 
zoology  of  this  country,  we  lind  the  American  camel,  or  native 
sheep,  from  the  wool  of  which  a most  elegant  and  duiablc  cloth  , 
is  manufactured  ; the  American  tiger  or  jaguar,  and  the  puma  or 
lion ; the  wild  cat,  the  elk,  the  ant-bear,  a kind  of  deer,  hippo- 
potami ; the  condor,  an  immense  bird  with  a red  crest,  and 
black  body  spotted  with  white;  the  Paraguayan  ostrich,  par- 
tridges, serpents  of  prodigious  size,  Ike.  The  mineralogy  of 
this  kingdom  is  extensive,  and  lucrative  beyond  all  belief;  for 
not  to  speak  of  Potosi,  the  mines  of  gold  and  silver  are  innu- 
merable. In  the  province  of  Chaco,  a mas*  of  native  iron,  per- 
fectly nialU  able,  has  been  found.  Near  Jujuy  is  the  hall  of 
Bolus,  a singular  volcano,  whence  the  winds  rush  out  with 
overbearing  whirls  and  cloud*  of  dust.  Not  far  from  Cordova 
pent  up  winds  issue  out  with  violence  by  small  apertures  from 
the  rocks,  and  produce  a noise  resembling  the  discharge  of 
artillery  at  the  siege  of  a fortress.  And  in  the  town  itself, 
during  a still  night,  the  inhabitants  bear  passing,  ns  it  were  j 
from  street  to  street,  a dull  murmur,  like  the  noise  produced 
by  thumping  with  a wooden  pestle  iu  a huge  mortar. 

Kingdom  of  Peru. — Peru  borders  on  New  Granada  on  the 
north;  on  the  north-east  it  joins  the  Pampa  del  Sacramento ; 
on  the  east,  the  savage  nations  of  the  Pajonal ; and  on  the 
south-east,  the  kingdom  of  Buenos  Ayres.  Its  length  has  been 
computed  <423  geographical  leagues,  am!  its  breadth  ho  leagues. 
The  provinces  arc  forty-two,  hut  only  a few  have  bren 
described,  though,  among  tiie  native  nations  of  America,  the 
Peruvians  are  by  far  the  most  interesting.  The  number  of 
towns  and  villages  exceeds  1500.  Like  the  other  governments 
of  Spanish  South  America,  the  viceroy  ally  of  Peru  consisted 
of  two  branches,  political  and  ecclesiastical.  The  archbishop  I 
of  Lima  ha*  four  suffragans,  and  beside*  the  chapters  of  these 
bishops,  there  are  667  curates  of  the  royal  presentation.  In 
the  Peruvian  valley*  between  5°  and  16°,  no  rain  falls,  hut  vege- 
tation is  supported  throughout  this  region  by  liberal  dews.  The 
high  table-hoids  of  the  Andes,  at  the  height  of  10,000  fact  above 
the  level  of  the  sea,  enjoy  a perpetual  spring  united  with  an 
eternal  autumn ; the  field*  ale  always  verdant,  the  grain*  ever 
wave  iu  golden  harvests;  and  the  fruit-trees  arc  in  bit  atom, 
in  ripening,  or  in  matured  fruit.  The  chief  cities  arc,  Lima 
the  capital,  containing  a population  of  62.000  souls,  nml  carry- 
ing on  a great  commerce  with  all  parts  of  the  world,  by  means 
of  intermediate  agencies;  Cuzco. the  second  city,  once  the  scat 
of  the  Peruvian  monarchy,  and  having  a population  of  26,000 
inhabitants.  Lima  is  the  maritime,  Cuzco  the  inland,  capital. 
The  other  cities  arc,  Arequipa,  Guamnngn,  Truxillo,  Aricn, 
Oropesa,  Jaiijs,  Lambayeqof,  Caxamarca,  lea,  and  Guano  ro. 
Truxillo  is  subject  to  earthquakes;  for  unluckily  the  earthly 
paradise  of  the  Andean  table-land  is  in  many  places  hut  an 
insidious  soil,  encrusting  subterranean  fires  of  sulphureous, 
alkaline,  and  aqueous  matters,  in  perpetual  fusion,  to  pour 
forth  tremendous  showers  of  destructive  lava.  The  botany  of 
Peru  and  Chili  is  extensive  ami  various,  for  while  the  valioyg  j 


on  the  sea-shore  boast  the  commou  tropical  plants,  the  milder 
plains  on  the  Andean  table-land  are  favourable  to  plants  of  a 
hardier  constitution.  The  zoology  of  Peru  differs  little  from 
that  of  La  Plata  ; the  mountain  cat,  a species  of  deer,  foxes, 
bears,  wolves;  a sea-fowl  with  feathered  body  and  mem- 
branous wings  like  the  bats.  The  flamingo  frequents  the  lakes. 
The  silk-weaving  spider,  a*  large  as  a crab,  ami  with  teeth  like 
a rat’s,  abounds  in  Jnen.  In  short,  the  wholo  country  of  Peru 
is  one  vast  held  of  natural  cariosities. 

The  Kingdom  of  New  Granada.— New  Granada  extends  from 
3J°  south  latitude,  to  12°  north  latitude,  or  151°,  being  930  geo- 
graphical mile*:  and  the  medial  breadth  ha*  been  assumed  at 
240  geographical  miles.  The  provinces  are  twenty-four  in  all. 
and  the  following  is  their  natural  geography: — The  province  of 
Jnen  dc  Bracutnortis,  the  most  southern,  producing  gold,  cot- 
ton, chocolate,  and  tobacco.  The  district  of  Cuenca,  situated 
on  the  table-land  of  Quito,  is  of  benign  temperature,  produ- 
cing abundance  of  cattle,  sugar,  cotton,  and  grain.  Maras,  a 
considerable  province  on  the  eastern  declivity  of  the  Andes, 
has  a warm  and  moist  climate,  and  produces  cotton,  sugar, 
tobacco,  and  cinnamon.  Kiobamba,  noted  for  the  earthquake 
of  1797,  when  only  400  person*  escaped  out  of  9000!  Guaya- 
quil is  celebrated  for  its  commerce.  Terra  Firma  is  a name 
given  to  Panama;  and  the  province  of  Darien  is  extended  on 
both  sides  of  the  gulf  so  called.  Santa  F4  enjoys  a perpetual 
spring,  and  the  abundance  of  nature  may  be  presumed,  from 
the  fact,  that  here  there  are  two  Harvests.  San  Juan  dc  Jos 
Llanos  consists  .of  prodigious  plains,  of  a fertile  soil,  and  con- 
taining an  abundance  of  cattle,  with  some  gold  mines.  Antio- 
quia  is  chiefly  celebrated  for  it*  gold  mine*.  Quito  enjoys  an 
uniform  temperature ; and  the  capital  of  the  same  name  is 
famous  a9  being  the  place  where  the  French  mathematicians 
measured  a degree  of  the  meridian.  Popayau  enjoys  a per- 
petual spring,  and  abounds  in  fruits.  The  people  of  this  pro- 
vince are  noted  for  their  integrity.  Cavthageria  is  noted  for 
its  European  fashions,  imported  since  its  iucrensing  commerce, 
wealth,  and  luxury.  Santa  Marta  is  famed  a*  the  province  in 
which  the  Andes  terminate.  The  chief  rivers  arc  the  Magda- 
lena and  the  Cauca,  Some  of  the  most  useful  vegetable  pro- 
ductions have  been  already  mentioned,  as  belonging  to  the 
other  kingdoms;  but  there  are  plant*  peculiar  to  the  Andes, 
whose  genera,  species,  and  nomenclature,  belong  not  to  this 
work.  In  the  zoology,  we  find  the  tapir, an  animal  resembling 
a cow,  hut  about  the  size  of  an  ass ; wild  boars,  deer,  ant- 
eaters,  the  jaguar,  the  puma,  wild  cats,  serpents,  and  alliga- 
tors. In  the  mineralogy  of  New  Granada,  we  find  the  rich 
gold  mines  of  Cboco  and  Antioquia  ; the  silver  mine*  of  Mar- 
quetones  ; the  emerald  mines  or  Muzo  ; ami  the  copper  mines 
of  Velez.  Among  tho  natural  curiosities  may  be  mentioned  the 
vertical  entnrart  of  Bogota,  precipitating  its  water*  from  a 
height  of  3»K)  fathoms.  This  cataract  is  the  river  Feunza, 
which,  after  passing  along  a narrow  channel  on  a high  tahle- 
land,  is  poured  a*  from  the  spout  of  ;v  vase  in  one  arch  of  1320 
feet.  Tlur  noise  from  the  fall  in  the  basin  below,  the  spray, 
the  clouds  of  vapour,  the  rainbows,  the  surrounding  pictu- 
resque scenery  of  trees  and  shrubs,  render  the  cataract  of 
Tequendama  one  of  the  wonders  of  the  world  ! 

The  Government  of  the  Caracca*. — This  gov  i rrunent  include* 
Venezuela,  Maracaibo,  Vorinns,  Cumana,  (iucluding  Barce- 
lona,) Spanish  Guiana,  aud  the  Isle  of  Margarita.  This  govern- 
ment is  now  considered  the  republic  of  Venezuela,  and  there- 
fore we  shall  notice  the  rather,  its  products,  commerce, cities, 
and  natural  geography.  Singular  as  it  may  appear,  there  tire 
rivers  in  this  district  which  rise  on  the  sea-coast  ns  it  were, 
and  flow  inward.  Beeves,  horses,  and  mules,  pasture  in  the 
interior;  the  vales  alone  arc  fertile.  The  cultivated  articles 
arc  chocolate,  indigo,  and  tobacco  ; lint  llayti  used  to  yield  ten 
times  the  produce  of  the  Cameras.  The  great  ports  are  Guayra 
and  Porto  Cavrllo.  but  the  commerce  is  inconsiderable,  and 
for  a long  time  the  greatest  contraband  trade  was  carried  on. 
i The  chief  towns  are,  Caraeea*  the  capital,  which,  though  enjoy  - 
: ing  a perpetual  spring,  was  lately  Injured  by  an  earthquake. 
Porto  Cavrllo,  an  unhealthy  place,  and  dange  rous  of  access  to 
the  crews  of  foreign  vessels.  Valenti*,  a neat  l»»w*n  ; Morn  cay, 
a beautiful  village,  in  the  rich  vale  of  Arragon;  Tulmero,  in  the 
same  vale,  a handsome  town  ; Victoria,  Coro,  Car  at  o,  liarqui- 
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simeto,  Tocnyo,  Cuamna,  Calabosa,  Pan,  SanPhilippi,  and 
Nirgun,  nr e all  place*  of  minor  importance.  Cumana  uncd  to 
form  a d.  legated  government,  consisting  of  the  two  provinces 
ofCumaon  and  Barcelona.  Cumana  is  subject  to  frequent  earth- 
quakes. Barcelona  is  noted  chiefly  for  its  breeding  of  swine  ; 
and  the  isle  ol  Margarita  as  a military  station,  for  the  invasion 
of  the  Caraccas.  The  town  of  Maracaibo  is  rather  unhealthy, 
and  the  thunder  storms  are  terrible,  but,  without  them,  earth- 
quakes prevail.  The  tobacc  o of  Variuas  is  highly  celebrated. 
The  lakes  are  Maracaibo,  famous  for  its  mineral  pitch,  which 
at  night  senes,  by  its  bituminous  ignited  vapours,  as  a lantern 
or  pharos  to  the  Spaniards  and  Indians;  and  the  lake  of  Valen- 
cia, which,  though  receiving  twenty  rivers,  discharges  its 
supctfluous  water*  by  a subterraneous  tunnel  of  evacuation, 
and  nourishes  amidst  its  swampy  waters  monstrous  lizards,  on 
which  the  natives  feed.  The  rivers  arc.  Orinoco,  Aphuro,  the 
Portugoesa,  the  Guarico,  the  IJnari,  and  the  Guantpirha.  In 
the  interior  of  Cumana  there  is  a cavern  ended  Guacharo, 
famous  among  the  Indians  for  being  of  immense  extent,  and 
serving  as  a habitation  for  thousands  uf  a kind  of  nocturnal 
birds,  for  goatsucker,)  which  the  Indians  suppose  tube  the 
souls  of  their  nuccslnr*.  This  remarkable  cavern  is  therefore 
visited  with  great  ceremony. 

Spanish  Guiana.— Spanish  Guiana  is  the  province  which,  in 
some  maps,  the  geographers  call  New  Cumana.  or  New  Anda. 
lusia.  The  territory  of  Guiana  is  bounded  by  (he  Orinoco,  and 
the  Negro  rivers  in  the  west  and  north  ; on  the  south  by  the 
Maranon  ; on  the  east  by  the  Atlantic  ocean.  The  part  of 
Brazil  on  lire  north  of  the  river  Maranon.  is  railed  Poitugueso 
Guiana.  Spanish  Guiana  is  bounded  on  the  south-east  by 
Botch  and  French  possessions  ; on  the  south,  by  the  Portu- 
guese ; on  the  west,  by  the  Rio  Ulancho,  or  rather  the  great 
river  Negro  ; and  the  Orinoco  on  the  south.  Guiana  is  the 
seat  of  a bishop  ; the  inhabitants  sleep  on  the  terraces  of  their 
houses  during  the  great  heats. 

The  Kingdom  of  Chili. — Chili  is  a delightful  country,  extend- 
ing for  more  than  I ‘200  geographical  miles,  along  the  great  J 
Pacific  Ocean,  flanked  and  protected  by  the  vast  belt  of  the 
Andes,  whic'i  sends  forth  copious  rivers  to  irrigate  this  envied 
soil.  The  breadth  is  about  ‘210  miles.  The  northern  boundary 
is  the  desert  of  Atacama ; the  Andes  on  the  east  divide  Chili 
from  Cayo,  in  the  viceroyalty  of  La  Plata;  on  the  south  it  is 
bounded  by  barren  mountains;  and  the  Pacific  Ocean  washes 
its  western  shore.}.  The  grand  belt  of  the  Andes  is  here  120 
miles  broad,  w ith  transverse  ridges  full  of  ruptures  and  preci- 
pices ; and  eight  or  nine  paths  open  to  the  Andes  on  the  east, 
like  those  over  the  Alps  in  Switzerland,  on  shelves  in  the  per- 
pendicular rocks,  hanging  over  profound  precipices,  so  dan- 
gerous and  difficult,  that  the  steadiest  mule  ceases  to  be  useful 
in  those  situations.  The  four  seasons,  in  an  inverted  order, 
are  as  regular  in  Chili  as  in  Europe.  The  fertility  of  the  soil 
may  be  inferred  from  the  fact,  that  a great  part  of  it  was  in 
constant  labour  long  before  the  Spaniards  visited  Chili,  and  to 
this  day  manure  is  unnecessary,  for  it  yields,  in  general,  from 
sixty  to  seventy-fold!  and,  what  is  singular,  in  a country 
wherein  the  .soil,  after  a lapse  of  ages,  and  the  avarice  of  man, 
lias  so  little  degenerated.  Chili  is  the  scat  of  (he  richest  metal- 
lic ores;  lead  is  found,  of  excellent  quatity  ; iron  abounds,  but 
it  is  neglected  ; the  copper  is  perhaps  superior  to  the  British. 
The  provinces  of  Santiago.  Aconcagua,  Coquimbo,  and  Copi- 
apo.  arc  celebrated  for  their  silver  mines  ; nor  is  there  » moun- 
tain or  hill  which  yields  not  gold,  the  purest  in  the  world. 
With  such  a fertile  soil,  and  enjoy  ing  so  delightful  a climate, 
the  botany  of  Chili  partakes  of  the  plants  of  both  hemispheres. 
Nettles,  as  in  Europe,  also  our  potherbs  and  fruits ; and  the 
sugar  cane  and  sweet  potato,  and  other  tropical  plants, 
flourish  in  the  northern  parts  of  this  fine  country.  Our  line 
white  strawberry,  tipped  with  purple,  and  three  inches  in  cir- 
cumference, is  derived  from  Chili,  where  it  is  cultivated  as  a 
crop;  wild  tobacco,  sudorific  and  febrifuge  plants:  inccnsc, 
equal  to  that  of  Arabia;  balsam,  excellent,  both  as  an  odour 
and  a curative  medicine.  In  the  zoology,  reptiles  arc  rare ; the 
seas  abound  in  fish,  the  shores  in  lobsters  and  crabs,  with  oys- 
ters. seals,  sea-cows,  and  innumerable  aquatic  fowls ; and 
the  hills  in  bees.  The  flamingo  decorates  the  rivers,  the  hum- 
ming bird  the  groves  of  flowers.  The  ostrich  in  Chili  is  equal 


' to  thnt  of  Africa;  vultures  and  eagles,  and  condors,  haunt  the 
frightful  precipices  uf  the  Andes.  And  amongst  the  quadru- 
peds we  line!  dogs,  hippopotami,  foxes,  lions  of  America;  a 
singular  wild  horse,  with  cloven  feet;  and  most  of  the  Euro- 
pean animals  have  impioved  in  Chili.  The  most  singular  phe- 
nomenon. connected  with  the  natural  history  of  Chili,  is  tho 
fact,  that  the  ocean  is  retiring  very  rapidly  on  this  coast,  leav- 
ing curious  grottos,  hung  with  shells:  and,  in  two  instances, 
detached  masses  of  white  marble,  scooped  out  like  churches. 
The  aboriginal  Chilcse  arc  iba  Araueans  and  the  Pueiches. 
The  former  arc  the  genuine  representatives  of  the  ancient 
Chilesc ; the  latter,  more  rude  and  savage  than  the  other 
natives,  inhabit  the  mountains,  and  often  change  their  abode, 
like  the  pastoral  tribes  of  Asia.  The  Arancons  have  little 
beard;  they  are  intrepid  in  war,  hardy  to  endure  fatigue,  faith- 
ful to  promises  ; hut  addicted  to  some  of  the  savage  vices.  The 
Pucb  hes  are  bold  in  war,  faithful  as  allies,  and  may  still  he 
considered  the  unconqiicred  Chilcse.  Such  is  the  natural  geo- 
graphy: the  political  is  very  brief.— Spanish  Chili  is  divided 
into  thiiteen  provinces,  Copiapo,  Coquiuiho,  Quillota.  Acon- 
cagua, Mclipiila,  Santiago,  Haucngua,  Cohhagita,  Manli.  ltata, 
Chillau,  Piieianey,  and  Huilquilrma.  They  also  possess  Port 
Valdivia,  in  the  country  of  the  t'uchi,  the  Archipelago  of  Chili, 
and  the  island  of  Juan  Fernandez.  Tho  entire  government  is 
managed  by  a captain-general  ; ench  of  the  provinces  is  ruled 
by  a prefect,  or  corregidor.  There  are  two  vast  bishopries, 
Santiago  and  Conception,  both  suffragans  of  the  Archbishop  of 
Lima.  The  inquisition  prevails  at  Santiago.  The  population 
is  singularly  mixed  ; wealth  is  wasted  ou  dress,  and  equipages 
and  titles  of  Castile  ; a couutsliip  being  sold  ut  so  much,  a 
marquisate  at  so  much  more,  and  the  want  of  money  alone 
prevents  the  whole  people  from  being  a nation  of  dukes.  Chili 
is  the  original  seat  of  vaccination  ; and  among  its  medicinal 
herbs  the  vira-vira  expels  the  ague  ; the  payco  assists  indiges- 
tions: the  culen  supplies  an  excellent  tea,  known  as  a vermifuge; 
and  the  palqui  is  esteemed  a superior  febrifuge  to  Peruvian 
bark. 

i Brazil,  and  the  Portuguese  Possessions. — The  Portugueso 
possessions  extend  from  the  frontier  of  Dutch  Guiana,  in  lati- 
tude 3W  north,  to  Port  Nt.  Pedro,  in  latitude  tt*2°  south.  These 
T>°  of  latitude  give  us  *2100  geographical  miles  for  one  dimen- 
sion, and  the  other  extent  is  even  more,  reckoning  from  Cape 
St.  Roque  to  the  settlement  of  St  Paul  dc  Omiiguas,  on  die 
river  Amuzons.  The  chief  city  of  Brazil  is  San-Salvador,  but 
Kio-Janeiro  is  more  celebrated  for  its  commerce;  and  the 
chief  settlements  are  Paru-Cano,  on  the  estuary  of  the  Mara- 
non ; Pernambuco,  Sergippe,  Paruiha,  Villa-Grande,  Ac.  But 
the  whole  territory  of  Brazil  is  now  divided  iuto  eight  inde- 
pendent governments,  besides  that  of  Rio-Janeiro;  and  the 
whole  is  now  under  the  immediate  eye  of  the  Emperor,  of 
the  family  of  the  king  of  Portugal.  The  population  is  esti- 
mated at  230,0(10  whites ; 600,000  negroes;  and  1,050.000  of 
natives.  The  climate  in  the  south  is  delirious,  and  the  soil 
fertile;  but  the  north  is  exposed  to  rains,  thunder,  and  storms. 
The  valleys  are  rich,  the  forests  extensive,  and  the  rivers  and 
mountains  arc  both  numerous  and  grand.  The  productions 
are,  Brazil-wood,  ebony,  and  dye-woods;  esculent  plants, 
common  to  the  tropical  climes ; raisins,  cotton,  coffee,  rice, 
pepper,  and  fruits.  The  European  settlers  ore  gay,  and  fond 
of  pleasure  ; their  domestics  and  labourers  are  slaves;  and  the 
indigenes  are  irreclaimable  savages,  muscular  and  active. 
Rio- Janeiro  has  a capacious  and  excellent  hat  hour,  protected 
by  the  castle  of  BlDtt-Cm ; yet  both  here,  and  in  the  other 
towns,  the  ceremonies  of  religion  have  degenerated  into  a vul- 
gar worship  of  images.  The  mines  of  diamonds,  in  the  pro- 
vince of  Serro-de-Frio,  and  about  latitude  17°,  (and  thus  cor- 
responding with  the  celebrated  diamond  mines  of  Visnpour,  iu 
Hindustan.)  are  very  much  famed,  though  the  brilliants  they 
produce  arc  much  inferior  to  thoso  of  the  East,  being  of  a 
brownish  obscure  hue.  and  not  of  so  fine  a water.  But  diamonds 
are  baubles  in  comparison  of  the  valuable  herds  of  wild  catt*e 
which  range  the  forests  of  Brazil,  and  the  medicinal  plants  of 
high  estimation.  that  grow  spontaneously,  and  in  abundance. 

The  French  Settlements  in  Guiana. — These  settlements 
extend  about  ;150  miles  in  length,  by  240  in  breadth  ; and  the 
chief  town  is  Cayano,  whence  the  whole  territory  is  called 
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Cayenne.  The  soil  and  climate  are  pond,  the  Cayenne  pepper 
is  well  known ; and  the  other  products  are,  sugar,  cocoa, 
vanilla,  and  indigo. 

The  Dutch  Possessions. — These  are  Dutch  Guiana,  called 
also  Surinam,  in  length  350  miles  along  the  coast  of  the  Atlan- 
tic, by  100  in  breadth  inland.  The  chief  towns  are.  Para- 
maribo, on  the  west  hank  of  the  Zealand  river  ; and  Detnnrara, 
on  the  river  Esiquibo.  It  was  this  country  that  the  unfor- 
tunate Raleigh  attempted  to  penetrate,  by  the  river  Caroni, 
to  the  lake  of  Paritna.  whose  sands  were  tabled  of  gold  dust, 
and  in  the  vicinity  of  which  was  the-  golden  city  of  Manoa  del 
Dorado.  In  the  botany  of  Surinam  we  may  notice  its  palms, 
of  majestic  height;  the  quassia;  tho  castor-oil  nut;  ipeca- 
cuanha; caoutchouc,  or  Indian  rubber;  and  poisonous  trees 
and  climbers  abound.  The  entangled  forests,  and  the  swatnns, 
arc  the  sure  retreats  of  panthers,  serpents,  and  aboininaMc 
reptiles. 

Native  Tribes  and  Uneonquered  Countries. — The  internal 
nations  are,  the  Abipons,  a warlike  tribe,  nml  chiefly  cavalry  ; 
the  Mocobs  ; the  Tubas  ; and  the  Auras,  in  the  same  quarter. 
Towards  the  southern  parts  are  tho  Puetohes.  or  Patagonians  ; 
the  Araucanos ; the  Tetmels;  and  the  Huilliches.  The  Abi- 
pons bury  their  dead  under  the  shade  of  trees ; and  the  horses 
of  a chief  arc  nlwav  s sacrificed  at  his  death.  The  Patagonians 
are  the  wandering,  but  humane  Tartars  of  South  America. 
And  they  bury  their  dead  iu  a sitting  posture,  in  square  pits, 
with  their  weapons  and  cups  beside  them.  These  pits  are 
annually  opened  by  the  matrons,  and  the  hones  of  the  skele- 
tons dressed,  those  of  the  slain  horses  around  being  supported 
by  props.  Or  they  transport  their  dead  to  the  sea-shore,  where 
they  deposit  them  in  tents,  with  the  skeletons  of  their  horses 
placed  around. 

Islands  belonging  to  South  America. — These  arc  the  Gala- 
pagos ; the  isle  of  St.  Felix  ; Juan  Fernandez  ; the  archipela- 
goes of  (Jnaytccas  and  Toledo : in  the  former  is  the  isle  of 
Chiloe.  140  miles  long,  and  30  broad  ; in  the  latter  is  the  isle 
of  St  Martin,  with  some  Spanish  factories.  Terra-del-Fupgo, 
a dreary  region,  inhospitable  and  cold;  and  the  isle  ofStaten- 
land,  is  divided  from  Terra-del-Fuego  l>y  the  straits  of  the 
Mai  ro.  These  countries,  though  in  the  reverse  parallel  of  lati- 
tude (that  is  to  say,  in  661°  south  latitude,)  corresponding 
with  Newcastle-upon-Tyne,  in  Northumberland,  are  yet  more 
cold,  and  more  severely  frozen,  than  Lapland,  in  70°  of  latitude 
North.  The  Falkland  isles,  (or  Malouins,  as  the  French  cull 
them,)  boast  of  two,  about  40  miles  square.  each  ; but  the  abun- 
dance of  fowl  and  fish,  caught  here,  ill  make  up  the  deficiencies 
felt  from  the  poverty  of  the  soil,  and  the  perpetual  storms 
which  vitiate  the  climate.  The  isle  of  Georgia,  to  the  south- 
east of  the  Falkland  islands,  though  a land  of  ice,  with  vales 
destitute  of  trees  and  shrubs,  and  presenting  only  a coarse 
species  of  grass,  is  inhabited  by  the  hardy  lark. 

Southern  or  Antarctic  Continent. — This  important  discovery, 
which  will  be  attended  with  incalculable  advantages  to  our 
trade  in  the  South  Seas,  was  made  in  1819  by  a Mr.  Smith, 
master  of  the  William,  of  Blythe,  in  Northumberland.  Our 
South  Sea  traders,  who,  during  hostilities  between  this  country 
and  Spain,  have  been  subjected  to  the  greatest  difficulties  and 
privations,  will  now  be  independent  of  Spain,  or  any  other 
power  possessing  South  America.  Mr.  Smith  ran  for  2 or  300 
miles  along  this  continent,  which  formed  large  bays,  abounding 
with  the  spermaceti  whale,  seals,  ftG.  The  drafts  and  sound- 
ings taken  by  the  discoverer,  are  in  the  possession  of  our 

overnment.  The  follow  ing  is  the  brief  account  which  has 

een  given  of  this  discovery  : — “A  Mr.  Smith,  master  of  the 
William,  of  Blythe,  in  Northumberland,  and  trading  between 
the  Rio  Plata  and  Chili,  in  endeavouring  to  facilitate  his  pas- 
sage round  Cape  Horn,  in  1819,  ran  to  a higher  latitude  than 
is  usual  in  such  voyages,  and  in  latitude  02.  30.  and  00.  west 
longitude,  discovered  land.  As  circumstances  would  not  admit 
of  a close  examination,  he  deferred  it  until  his  return  to  Buenos 
Ayres,  when  be  made  such  further  observations  as  convinced 
him  of  the  importance  of  his  discovery.  On  making  it  known 
at  Buenos  Ayres,  speculation  was  set  on  the  alert;  and  the 
Americans  at  that  place  became  very  anxious  to  obtain  every 
information  necessary  to  their  availing  themselves  of  a disco- 
very which  they  saw  was  pregnant  with  vast  benefit  to  a com- 
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mereinl  people.  Captain  Smith  was,  however,  too  roach  of  an 
Englishman  to  assist  their  speculations,  by  alfording  them  that 
knowledge  of  his  secret  which  it  was  so  necessary  for  them  to 
possess,  and  was  determined  that  his  native  country  only 
should  enjoy  the  honour  and  advantages  oi  his  discovery  ; 
and  on  his  second  voyage  to  Valparaiso,  he  devoted  as  much 
time  to  the  development  of  it  as  was  consistent  with  his  pri- 
mary object,  a safe  and  successful  voyage.  lie  rau  in  a west- 
ward direction  along  the  coasts,  either  of  a continent  or  numer- 
ous islands,  for  2or  300  miles,  forming  large  bays,  aud  aliound- 
with  the  spermaceti  whale,  seals,  Ac.  He  took  numerous 
soundings  and  bearings,  draughts  and  charts  of  the  coast;  aud 
in  short,  did  every  thing  that  the  most  experienced  navigator, 
despatched  purposely  for  the  object  of  making  a survey  , could 
do.  He  even  lauded,  and,  in  the  usual  manner,  took  possession 
of  the  country  for  his  sovereign,  and  named  his  acquisition 
New  South  Shetland.  The  climate  was  temperate,  tiic  coast 
mountainous,  apparently  uninhabited,  but  not  destitute  of 
vegetation,  as  firs  and  pines  were  observable  iu  many  places; 
in  short,  tho  country  had,  upon  the  whole,  the  appearance  of 
the  coast  of  Norw  ay.  After  having  satisfied  himself  with  every 
particular  that  time  and  circumstances  permitted  him  to 
examine,  he  bore  away  to  the  north,  and  pursued  his  voyage. 
On  his  arrival  at  Valparaiso,  be  communicated  his  discovery  to 
Captain  SherrifT,  of  bis  Majesty  's  ship  Andromache,  who  hap- 
pened to  be  there.  Captain  Sherrill  immediately  felt  the 
importance  of  the  communication,  and  lost  not  a moment  in 
making  every  arrangement  for  following  it  up  ; he  immediately 
despatched  the  William,  with  officers  from  the  Andromache, 
and  in  this  stage  the  last  letter  from  Chili  left  the  expedition, 
with  tho  moat  sanguine  expectation  of  success,  aud  ultimate 
advantages  resulting  from  it ; and  if  we  arc  correctly  informed, 
a fully  detailed  narrative  has  been  forwarded  to  government." 
— Captain  Cook  penetrated  to  a much  higher  latitude,  aud 
drew  his  conclusion  from  observing  nothing  but  vast  moun- 
tains of  ice  ; yet  his  meridian  was  43  degrees  further  to  the  west 
of  New  South  Shetland,  leaving  a vast  space  unexplored  on 
the  parallel  of  62,  between  that  and  Sandwich  Land,  in  longi- 
tude 28  wrest.  He  again  made  67,  or  thereabouts,  but  in  longi- 
tude 137  to  147  west.  Pcrouse  ascended  no  higher  than  00. 30 ; 
Vancouver  about  36. — The  Russian  antarctic  expedition,  under 
Captain  llcllinghnusen,  has,  in  lHly  to  1821,  discovered  two  new 
islands  within  tho  antarctic  circle.  Both  islands  lie  in  about 
69°  south  latitude  ; one  of  them,  tho  isle  of  Alexander  I.  in  7:1° 
west  longitude  ; the  other,  Peter  Island,  in  19°  west  longitude. 
Both  were  closely  enveloped  in  ice,  and  no  examination  could 
be  made  of  them. 

AMETHYST,  a transparent  gem  of  a purple  colour,  found 
in  the  East  and  West  Indies,  and  several  parts  of  Europe.  Iu 
Heraldry,  the  term  signifies  purple  colour. 

AMIANTHUS,  in  Mineralogy,  earth  flax,  a fibrous,  flexible, 
elastic,  mineral,  found  in  Germany  ; and  by  Kirwan  classed 
along  with  the  muriatic  gcuus  of  earths,  because  it  contains 
about  one-third  part  of  magnesia. 

AMMI,  Bishop's  weed,  the  seeds  of  which  are  ranked  among 
the  four  lesser  hot  seeds  ; but  arc  scarcely  otherwise  made  use 
of  than  as  an  ingredient  in  thrriaca. 

AM MODYTES,  the  sand  cels. 

AMMON,  the  Egyptian  Jupiter,  worshipped  under  the  Gguro 
of  a ram. 

AMMONIA,  a volatile  alkali. 

AMMONIAC,  a vegetable,  gummy,  resinous  juice. 

Sal  Ammoniac,  muriate  of  ammonia,  a native  salt. 

AMNIOS,  a thin  pellucid  membrane  that  surrounds  the 
foetus  in  the  womb, 

AMOMUM,  ginger,  which  is  cultivated  like  potatoes,  both 
in  the  East  and  West  Indies.  The  uses  of  the  root  of  this 
plant,  both  nsw^pirc  and  medicine,  are  well  known.  In  culi- 
nary matters,  ginger  is  one  of  the  best  substitutes  for  eggs, 
as  in  making  common  suet  dumplings,  and  puddings  of  all 
kinds. 

AMORTIZ  ATION,  alienation  of  lands  to  a corporation  and 
their  successors. 

AMPELITES.  canncl  coal,  or  candle  coal.  Set  Coal. 

AMPHIBIOUS  Animals,  include  all  animals  that  live  with 
equal  facility  on  land  or  in  water,  and  some  others  which  do 
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not  exactly  conform  to  this  description.  The  amphibia,  from 
the  structure  of  their  organs,  and  the  power  they  possess  of 
suspending  respiration  at  pleasure,  support  uninjured  a 
change  of  element,  and  endure  a very  long  abstinence.  The 
lungs  differ  in  appearance  from  those  of  other  animals.  Num- 
bers of  amphibia  possess  a high  degree  of  productive  power, 
aod  will  he  furnished  with  new  feet,  tails,  Ac.  when,  by  any 
accident,  those  parts  have  been  destroyed.  Their  bodies  are 
sometimes  defended  by  a hard,  horny  shield  or  covering;  some- 
times by  a coriaceous  or  leathery  integument;  sometimes  by 
scales;  sometimes  they  have  no  particular  coating.  The  am- 
phibia. in  general,  are  tenacious  of  life,  ami  continue  to  move 
and  exert  many  of  the  animal  functions,  when  deprived  of  the 
brad  itself.  By  far  the  greater  part  are  otiparous,  some  exclud- 
ing eggs,  covered  with  a hard  or  calcareous  shell.  like  those  of 
birds:  others,  such  as  are  covered  only  with  a tough  skin, 
resembling  parchment ; and  in  many,  they  are  perfectly  gela- 
tinous. without  any  kind  of  external  covering,  as  in  the  spawn 
of  a frog.  The  amphibia  are  divided  into  Uteri l.l a,  containing 
the  amphibia  pedata,  or  footed  amphibia;  and  the  serpentes, 
or  footless  amphibia.  In  the  Reptilm,  there  are  four  genera; 
1.  Test  ado,  tortoise,  turtle.  2.  /Amu.  frog.  toad.  3.  Draco , 
dragon,  or  flying  lizard.  4.  Laecrta,  lizards,  crocodile,  cIirrisb- 
Iron,  newt,  salamander,  iguana.  Reptiles  are  characterized  by 
breathing  through  their  mouths  ; and  by  having  feet,  and  flat 
nuked  cars ; of  this  order  are  frogs,  lizards,  and  tortoises. 
Serpents  are  distinguished  as  being  without  feet,  but  frequently 
armed  with  a deadly  poison,  contained  in  fangs  resembling 
teeth.  In  cold  and  temperate  climates  they  conceal  themselves 
in  winter  in  cavities  beneath  the  surface  of  the  ground,  where 
they  become  torpid.  Some  serpents  arc  viviparous,  as  the  rat- 
tlesnake, the  viper,  Ac.;  but  those  which  arc  innoxious  are 
oviparous,  depositing  their  eggs  in  a kind  of  chain  in  a warm 
situation,  where  they  are  afterwards  batched.  The  broad 
lamina*  on  the  bellies  of  serpents  are  termed  scuta,  and  the 
smaller,  or  divided  ones,  beneath  the  tail,  are  called  scales,  and 
from  these  the  genera  arc  characterized. 

AM PHICROSTYLES,  a temple  with  four  columns  in  front, 
ami  four  in  rear. 

A M PH  ICTY  ONS,  ao  assembly  composed  of  deputies  from 
the  different  states  of  Greece. 

AMPHISCII,  those  who  inhaldl  the  torrid  zone. 

AMPHITHEATRE,  an  elliptical  building,  in  which  specta- 
tors assembled  to  witness  spectacles  of  wild  beasts,  gladiators. 
Ar.  The  nobility  of  Rome  who  courted  popular  favour,  vied 
wirii  one  another  in  entertaining  the  people  with  these  horrid 
amusements.  Lucius  Metellus,  Ponipey,  Chrsar,  Augustus, 
and  Vespasian,  with  his  son  Titus,  all  erected  amphitheatres. 
Herod  of  Judea  erected  amphitheatres  both  at  Jerusalem  and 
Cwsarca.  During  the  reign  of  Tiberius,  the  amphitheatre  of 
Fidcn*  fell,  and  buried  in  its  ruins  about  60,000  persons. 

AMPLIFICATION,  the  enlarging  of  a narration;  and  the 
soul  of  discourse  with  the  ancients. 

AMPLITUDE,  an  arc  of  the  heavens  intercepted  between 
the  cast  and  west  point,  and  the  centre  of  the  sun  or  of  r 
planet,  when  rising  or  setting  ; and  so  is  either  north  or  south, 
mtivr  or  occasive. 

AMPUTATION,  the  cutting  off  a limb,  &r.  See  Surgery. 

AMULET,  a charm,  talisman,  or  preventive  against  mis- 
chief. witchcraft,  and  diseases;  and  usually  made  of  such  stuff 
as  the  imagination  of  impostors,  and  the  rrcdu'ity  of  simple- 
tons. can  devise : as,  a stone,  or  a piece  of  metal ; an  animal , the 
letters  of  the  alphabet,  Ac. 

Amulet,  7’o  make  an.  Put  a quarter  of  a pound  of  batter 
into  a frying  pan  ; break  six  eggs,  brat  them  a little,  and  strain 
them  through  a hnir  sieve.  Put  them  in  when  the  butter  is 
hot.  and  strew  a little  shred  of  parsley  and  boiled  ham  scraped 
fine,  with  nutmeg,  pepper,  and  salt.  Fry  it  brown  on  the  under 
side:  lay  it  on  your  dish, but  do  not  turn  it.  Mold  a hot  sala- 
mander half  n minute  over  it.  to  take?  off  the  raw  look  of  the 
eggs : stick  curled  parsley  in  it.  ami  serve  it  up.  Some  put 
in  clary  and  chives,  or  onions.  We  have  eaten  Amulets  made 
both  w ays : and  a substantial  dish  they  make.for  a long  journey. 

Amulet  of  Asparagus,  To  make  on.  Take  six  eggs,  beat  them 
op  with  cream;  boil  some  of  the  large*!  and  finest  asparagus.  I 
When  boiled,  cutoff  the  green  and  small  pieces,  und  mix  them  ' 


with  the  eggs,  and  some  pepper  and  salt : make  your  pan  hut, 
ut  in  a slice  of  buttor,  then  your  eggs,  Ac.  and  send  them  up 
ot — on  buttered  toasts,  if  you  please. 

AMYUDALUS.  sweet  or  bitter  almonds.  Ste  Almonds. 

AMYLACEOUS,  a term  applied  to  the  fine  flour  of  farina- 
ceous seeds,  in  which  consists  their  nutritive  part. 

ANACLAST1C  Glasses,  sonorous  glasses,  made  chiefly  in 
Germany.  They  resemble  inverted  funnels,  whose  bottoms  are 
as  thin  as  the  peel  of  an  onion;  and  upon  applying  the  mouth 
to  the  orifice,  and  gently  sucking  out  the  air,  the  bottom  gives 
way  with  a crash,  and  the  convex  becomes  concave.  Breathe 
into  the  orifice,  and  the  vessel  becomes  gibbous  as  before. 

ANACONDO,  a large  and  terrible  snake,  found  iu  Ceylon. 

ANAGALLLS,  pimpernel;  to  the  leaves  of  which  many 
extraordinary  virtues  have  been  attributed. 

AN  VGYKIS,  bean  trefoil. 

ANALOGY,  a certain  relation  or  agreement  between  two 
or  more  things.  In  reasoning,  aunlogy  serves  to  explain  or 
illustrate.  Every  physical  resemblance  may  be  reduced  to  two 
or  more  equalities  ; nml  every  moral  resemblance  to  two  or 
more  identities  ; and  these  arc  discernible  only  by  intellect. 

ANALYSIS,  generally  speaking,  the  resolution  of  something 
into  its  constituent  paits;  in  Mathematics,  the  method  of 
resulving  problems  by  means  of  algebraic  equations,  which 
consider,  in  a single  line,  wlmt  in  the  ordinary  process  would 
occupy  pages.  Analysis  is  divided  into  finite  and  • "finite, 
tlr/mninate  and  indeterminate  and  residual.  Analysis  of 
powers.  Analysis  of  curves,  Ac.  Ilcnce, 

ANALYST,  one  skilled  in  Algebra;  and 

ANALYTICS,  the  science  or  doctrine  of  analysis 

ANAMORPHOSIS,  in  Perspective  and  Painting,  a mon- 
strous projection,  or  representation  of  some  image,  cither  mi  a 
plane  or  curve  surface,  deformed  or  distorted  ; but  which,  in  a cer- 
tain point  of  view,  shall  appear  regular,  and  in  just  proportion. 

ANASARCA,  a species  of  dropsy. 

AN  ASTATIC  A,  the  rose  of  Jericho. 

ANASTKOL'S  Signs,  in  Astronomy,  a name  given  to  the 
duodecatrmoria,  or  the  twelve  poitions  of  the  ecliptic,  which 
the  signs  anciently  possessed,  hut  which  have  since  been 
deserted  by  the  precession  of  the  equinoxes. 

AN  ATOMY,  the  dissection  and  study  of  the  human  body, 
which  is  a compound  of  solids  and  fluids.  The  solids  arc  the 
bones,  muscles,  Ac. ; the  fluids  arc  (lie  blood,  secretions,  Ac. 
The  bones  are  bard,  white,  insensible  substances,  full  of  spongy 
cells  and  neticolar  fibres.  The  bones  of  every  skeleton  are 
perfectly  adapted  to  the  extremity  of  those  with  which  they 
arc  connected ; and  this  connexion  forms  what  is  called 
Articulation.  The  cartilages  are  white,  smooth,  solid,  but 
clastic  substances,  whose  number  in  the  adult  subject  is  less 
than  in  children.  The  periosteum,  a fine  membrane  of  n cel- 
lular texture,  covers  the  bones  at  their  joints,  and  iv  supplied 
with  nerves,  lymphatic  vessels,  Ac.  The  marrow,  a fat  oily  sub- 
stance filling  the  cavities  of  the  bones,  is  supplied  w ith  nume- 
rous blood-vessels  from  the  periosteum.  The  marrow  seems  to 
be  to  the  bones  what  fat  is  to  the  muscles.  The  synovial  glands 
lubricate  the  joints.  The  ligaments  tie  the  bones  together. 
The  bursa  mucosa-  arc  sacs  capable  of  confining  air  or  any  other 
fluid  ; they  arc  placed  between  the  tendons  and  the  bo ucs,  or 
beyond  these,  and  sometimes  at  the  extremities,  and  they  are 
lubricated  by  a liquid  resembling  that  which  lukricaies  the 
joints.  The  skeleton,  divided  into  the  head,  trunk,  ami  limbs, 
is  merely  an  assemblage  of  the  bunts  of  an  animal,  united  in 
their  natural  order.  The  common  integuments,  with  their 
appendages,  arc  the  cuticle  or  scarf-skin,  which  invests  the 
body  every  where,  and  covers  the  true  skin.  The  reie  mttco- 
sum,  is  a mucous  substance  between  the  epidermis  and  cuticle, 
which  gives  colour  to  the  body;  for  in  negroes  it  is  perfectly 
black,  while  the  true  skinis  of  ihcordiuary  colour.  The  euti r,  or 
true  skin,  is  that  from  which  leather  may  he  made,  and  has 
throughout  its  whole  surface  innumerable  papilla*,  calculated 
to  receive  the  impressions  of  touch.  Tlius  the  rctc  ntucosum 
keeps  the  cuticle  and  cutis  soft,  and  the  cuticle  protects  both. 
Insensible  perspiration,  or  that  subtile  vapour  exhaled  from  the 
body  by  the  glands  of  the  skin,  becomes,  by  union  aod  conden- 
sation from  the  atmosphere,  drops  of  sweat,  which  aic  analo- 
gous to  urine  in  taste  and  nature.  Accordingly,  as  cither  of 
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these  accretions  is  increased,  the  other  is  diminished.  The 
nails  cover  and  defend  the  exterior  points  of  the  fingers  and 
toes,  as  hard  transparent  horns.  The  hair,  growing  from 
distinct  bulbs  in  the  skin,  covers  the  head  and  different  parts 
of  the  body.  The  cellular  membrane  and  fat,  are  reservoirs  of 
oily  matter  from  the  blood,  that  afford  moisture  to  the  parts 
with  which  they  are  connected.  The  muscles  are  the  fleshy 
organs  of  motion  ; and  are  divisible  into  acute  and  insensible 
organs.  The  abdomen, or  lower  belly,  contains  the  peritoneum, 
surrounding  the  viscera  ; the  omentum  is  a caw!,  or  double 
membrane,  interlarded  with  fat,  and  floating  on  the  surface  of 
the  intestines  ; the  stomach,  a large  bag  lying  across  the  upper 
part  of  the  abdomen,  which  receives  the  aliment  through  the 
ursophugus  eardia.  The  cr  wpkannt,  or  gullet,  resembles  a 
funnel  or  canal,  extending  from  the  bottom  of  the  mouth  down 
to  the  diaphragm,  or  about  the  llthor  12th  vcstchra  of  the  bark, 
where  it  terminates  in  the  stomach.  The  intestines  form  a 
canal  about  six  times  the  length  of  the  body,  extending  from 
the  inferior  orifice  of  the  stomach  to  the  anus,  being  divided 
into  two  classes,  the  large  and  small.  The  mesentery  is  a part 
of  the  peritoneum,  situated  amid  the  intestines.  The  pancreas 
is  a conglomerate  gland  situated  behind  the  stomach,  and 
serving  by  its  liquor  lo  dilute  the  alimentary  pulp,  and  to 
incorporate  it  more  easily  with  the  bile.  The  liver,  a glandular 
substance  formed  for  the  secretion  of  the  bile,  is  placed  in  the 
right  liypochondrium,  under  the  false  riba.— There  arc  various 
other  parts  of  the  abdomen,  w hich,  in  a popular  work,  may  he 
advantageously  omitted.  The  thorax,  or  chest,  contains  the 
breasts,  the  pleura,  thymies,  diaphragm,  trachea,  the  lungs,  the 
functions  of  respiration,  and  of  voice.  And  under  this  division, 
surgeons  reckon  digestion,  or  the  voiding  of  the  feces;  the  peri- 
cardium ; the  heart  and  its  auricles;  the  blood-vessels ; arte- 
ries; glands  and  accretions;  the  bruin  nerves;  the  senses  and 
their  organs,  as  touch,  taste,  smelling,  hearing,  vision,  kc. 

Comparative  Anatom  v examines,  1st.  The  general  variations 
in  the  organization  and  functions  of  animals.  2d.  Tire  general 
relations  which  take  place  among  the  variations  of  organiza- 
tion and  functions.  3d.  The  arrangement  of  animals  founded 
on  the  general  difference  of  their  organization,  ascending  from 
the  simplest  to  the  most  perfect  structure  ; 4tb,  the  anatomy  of 
mammalia,  or  quadrupeds;  5th,  of  birds;  Gtb,  of  reptiles; 
7th,  of  fishes  ; 8lh.  of  tuoUaaca  ; 9th,  Crustacea  ; loth,  insects ; 
1 1th,  worms  ; and  12th,  zoophytes. 

ANCHILOPS,  a tumor  near  the  inner  angle  of  the  eye. 

ANCHOR,  a crooked  instrument  of  iron,  dropped  from  a 
ship  into  the  sea,  to  moor  her  to 
some  particular  station.  In  the 
diagram,  fig.  66.  6 is  a strong  bar 
of  iron,  at  the  lower  end  of  which 
arc  the  two  arms  d,  e,  of  equal 
thickness  w ith  the  beam  b,  which 
is  usually  called  the  shank.  Tiro 
arms  taper,  and  arc  fixed  nt  an 
angle  of  30  degree* ; g and  A arc 
the  flukes  of  the  anchor,  shaped 
like  au  isosceles  A.  The  stock  is 
n long  beam  of  oak  nt  J\  consist- 
ing of  two  pieces  strongly  bolted 
together,  as  seen  in  tig.  66 ; in 
which  is  a massive  ring,  to  which 
the  cable  is  fastened.  Every  ship 
has  three  principal  anchors,  with  a 
cable  to  each;  viz.  the  sheet,  best 
bower,  and  small  bower  an- 
chors. 

Method  of  making  A nr  hart. — 

The  goodness  of  an  anchor  is  of 
great  importance,  and  care  is 
therefore  taken,  that  the  metal  it 
Is  made  of,  be  neither  too  soft  nor 
too  brittle,  the  latter  rendering  it 
liable  to  break  ; and  the  former  to 
straighten.  The  shanks,  arms,  and 
flukes,  are  forged  separately,  then 
the  hole  is  made  at  one  end  of  the  shank  for  the  ring,  which  is 
put  into  the  bole  of  the  slmnk,  and  the  twu  ends  shut  together, 
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1 After  which,  the  arms  are  shut  to  the  shank  one  after  the  other, 
and  the  anchor  is  finished.  Proof  is  made  of  anchors,  as  of  coats 
of  mail  anciently,  by  raising  them  to  a great  height,  and  then 
letting  them  full  again  on  a kind  of  iron  block,  placed  across 
for  the  purpose.  To  try  whether  the  flukes  will  turn  to  the 
bottom  and  take  hold  of  the  ground,  they  place  the  anchor  on 
an  even  surface,  with  the  end  of  one  of  the  flukes,  and  one  of 
the  ends  of  the  shank,  resting  on  the  surface : in  case  the  anchor 
turns,  and  the  point  of  the  fluke  rises  upwards,  the  anchor  is 
good.  Iu  England,  France,  and  Holland,  anch  ors  are  made 
of  forged  iron;  but  in  Spain,  and  several  parts  of  the  South 
Sea.  they  arc  sometimes  made  of  copper.  For  the  proportions 
of  anchors,  the  shank  is  thrice  the  length  of  one  of  the  flukes, 
and  half  the  length  of  the  beam  ; or  the  length  of  the  anchor  is 
four-tenths  of  the  greatest  breadth  of  the  ship.  So  that  the 
shank  of  an  anchor,  in  a vessel  30  feet  wide,  must  be  12  feet 
long.  When  the  shank  is  eight  feet  long,  the  two  arms  are 
seven  feet  long,  measuring  them  according  to  their  curvity. 
As  to  the  degree  of  curvity  given  the  arms;  there  is  no  rule  in 
it;  the  workmen  are  here  left  to  their  own  discretion.  The 
anchor  of  a large  heavy  vessel  1*  smaller  in  proportion  than 
that  of  a lesser  and  lighter  one:  because  the  sea  employs 
an  equal  force  against  a small  vessel  os  against  a great  one. 
Supposing  the  extent  of  wood  upon  which  the  water  acts,  to 
be  rrjual  in  both,  yet  the  smaller  vessel,  by  reason  of  its  supe- 
rior lightness,  docs  not  make  so  much  resistance  as  the  greater; 
the  defect  whereof  must  be  supplied  by  the  weight  of  the 
anchor.  From  hydrostatic  principles,  the  following  Tahlo  lias 
been  formed  ; wherein  is  shewn,  by  means  of  the  ship's 
breadth  within,  the  proportions  in  length  of  the  other  parts  of 
the  anchor.  In  this  Table  is  represented  likewise  the  weight 
an  anchor  ought  to  be  for  a ship  from  8 to  46  feet  broad, 
increasing  by  the  breadth  of  one  foot ; supposing  that  all 
anchors  are  similar,  or  that  their  weights  are  as  the  cubes  of 
the  lengths  of  the  shanks. 


M.  Bougurr  directs  to 
take  the  length  of  the  shank 
in  inches,  and  to  divide  the 
cuhc  of  it  by  1 ICO  for  the 
weight,  because  the  quo- 
tient of  the  cube  of  201 
inches,  which  is  the  length 
of  an  anchor  weighing  7000 
lb,  divide!  by  the  weight, 
is  1160;  and  therefore,  by 
the  rule  of  three,  this  will 
be  a common  divisor  for 
the  cube  of  any  length,  and 
a single  operation  will  suf- 
fice. The  same  author 
gives  the  dimensions  of  the 
several  parts  of  an  anchor, 
thus  i— The  two  nrrns  gene- 
rally form  the  arch  of  a cir- 
cle, whose  centre  is  three- 
eighths  of  the  shank  from 
the  vertex,  or  point  where 
it  is  lixrd  to  the  shank; 
and  each  arm  is  rqual  to 
the  same  length,  or  the 
radius ; so  that  the  two 
arms  together  make  an 
arch  of  120  degrees:  the 
flukes  arc  half  the  length 
of  the  arms,  and  their 
breadth  two-fifths  of  the 
said  length.  With  respect 
to  the  thickness,  the  cir- 
cumference nt  the  throat 
or  vertex  of  the  shank,  is 
generally  made  about  a 
fifth  part  of  its  length,  and 
the  small  end  two-thirds  of 
the  throat ; the  small  end 
of  the  arms  of  the  flukes, 
three-fourths  of  the  cir- 
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comference  of  the  thank  at  the  throat.  This  dimension  should  I 
be  greater  when  the  iron  is  of  a bad  quality,  especially  if  cast 
iron  is  used  instead  of  forged  iron. 

At  Anciioh,  the  situation  of  a ship  when  she  rides  upon 
her  anchors. — An  Improved  Anchor  Launch  or  Boat,  for 


large  ships  has  recently  been  invented.  In  the  middle  of  the 
boat  a bottomless  well-hole  is  constructed  in  the  form  of  a 
cross,  of  suitable  dimensions  to  admit  the  flukes  of  the  anchor 
(when  in  an  upright  position)  down  one  of  the  arms  of  the 
cross,  and  the  stock  of  tho  anchor  down  the  other.  In  order 
to  scud  out  and  drop  an  anchor,  it  is  lowered  down  into  the 
well-crop  of  the  boat  from  the  bow  of  tho  ship,  and.  thus  sus- 
pended Ip  the  boat,  it  is  secured  by  lashing,  so  that  it  may  be 
cut  away  and  dropped  at  the  instant  it  is  required.  Previous 
to  lowering  the  anchor  from  the  ship  into  the  boat,  the  cable  is 
slackened  out,  and  drawn  up  through  the  well- hole  ; the  anchor 
being  then  placed  as  before  mentioned,  the  cable  is  fastened 
to  the  ring  of  it,  in  such  manner  as  to  be  clear  of  the  boat 
when  the  anchor  falls.  Several  of  these  anchor  launches  arc 
at  present  in  use  in  tbe  navy. 

Anchor  <• 'round,  a bottom  of  sea  neither  too  deep,  too  shal- 
low, nor  rocky.  In  Architecture,  anchors  arc  ornaments 
among  the  borillons  of  the  Tuscan,  Doric,  and  Ionic  capitals. 
In  Heraldry,  emblems  of  hope,  either  spiritual  or  temporal. 

ANCHUSA, yellow  anehusa,  or  bluc-flowcrcd  buginss : the 
juice  of  its  corolla,  or  flower,  gives  out  to  acids  a beautiful 
green.  An  infusion  of  these  flowers  refresh  the  patient  in  hot, 
bilious,  and  inflammatory  distempers. 

ANCONES,  the  corners  or  quoins  of  walls,  cross-beams, 

rafters.  Its. 

ANCYLOBLEPHARON.  a disease  of  the  eye,  which  closes 
the  eyelids.  If  the  cohesion  is  on  the  cornea,  the  sight  is 
inevitably  lost.  If  the  eyelids  adhere  to  the  eye,  they  arc  to 
he  separated  by  a fine  knife,  and  their  re-union  prevented  by 
injections,  and  lint  placed  between  them,  after  dipping  it  in 
sonic  proper  liniment. 

ANCTLOGLOSSUM,  a contraction  of  the  ligaments  of  the 
tongue  : some  have  this  imperfection  from  their  birth  ; others 
front  some  disease.  In  the  former  case,  the  flrirnulum  may 
stretch  by  the  child's  sucking,  or  it  may  be  snipped  by  a pair 
of  scissars,  but  not  torn  by  the  finger:  tbc  ulcers  must  be 
cured  by  surgical  assistance. 

ANCYLOSIS,  a distortion  or  stiffness  of  the  joints,  caused 
by  a settlement  of  the  humours,  or  a distention  of  the  nerves  ; 
and  therefore  remedies  of  a mollifying  and  relaxing  nature  are 
required. 

ANDANTE,  in  Music,  a movement  moderately  slow,  be- 
tween la r po  and  allegro. 

ANDftACHNE.  bastard  orpine. 

ANDROOYNOUS,  in  Zoology,  an  appellation  given  to 
animals  which  have  both  the  male  and  female  sex  in  the  same 
individual.  In  Botany,  the  terra  is  applied  to  such  plants  as 
bear  both  male  and  female  flowers  on  the  same  root. 

ANDKOIDES,  in  Mechanics,  a figure  constructed  so  as  to 
imitate  the  actions  of  man,  as  the  automaton  chess-player.  See 
Chess. 

ANDROMEDA, in  Astronomy,  aennstellation  in  the  northern  j 
hemisphere,  of  which  the  chief  is  Almaae.  a star  of  the  second 
magnitude.  The  stars  in  this  constellation  are,  in  Ptolemy’s  1 


catalogue.  11,  in  Tycho’s  23,  in  Hrlvelius's  47,  and  in  Mr. 
Flamsteed's  not  less  than  6(1.  Some  of  the  stars  or  Andromeda 
have  been  reckoned  among  the  changeable  stars,  whose 
brightness  varies. 

ANDROMEDA,  in  Botany,  March  eystus. 

ANDROPOGON,  in  lkitauy,  man’s  heard. 

ANDRYALA,  downy  sowthistle. 

ANEMONE,  wild  flower,  which  is  gently  astringent. 

ANEMOMETER,  in  Mechanics,  fig.  fjy,  implies  a machine 
for  measuring  tho  force  and  velocity  of  wind.  Various  ma- 
chines of  this  kind  have  been  invented  at  ditferent  times,  and 
by  different  persons.  The  following  has  been  often  experi- 
enced, and  found  to  answer  the  intentions.  An  open  frame  of 
wood,  A B C D E F G II I.  is  sup- 
ported by  the  shaft  or  arbor  I. 

In  the  two  cross  pieces  II  K. 

L M,  is  moved  an  horizontal  axis 
Q M,  by  means  of  the  four  sails, 
a b,  r m,  of,ph,  exposed  to  the 
wind  in  a proper  manner.  Vpon 
this  axis  is  fixed  a cone  of  wood, 

M N O ; upon  which,  as  the  sails 
move  round,  a weight,  K or  S,  is 
raised  by  a string  round  its  su- 
perficies, proceeding  from  tbe 
smaller  to  the  larger  end  N O. 

I'pon  this  larger  end,  or  base  of 
the  cone,  is  fixed  a rachet-w  heel 
K,  in  whose  teeth  the  click  X 
falls,  to  prevent  any  retrograde 
from  the  depending  weight.  The 
structure  of  this  machine  suffi- 
ciently shews,  that  it  may  he 
accommodated  to  estimate  the 
variable  force  of  the  w ind  ; be- 
cause the  force  of  the  weight  w ill 
continually  increase  as  the  string 
advances  on  the  conical  surface, 
by  acting  at  a greater  distance  from  the  axis  of  motion;  con- 
sequently, if  such  a weight  be  added  on  the  smaller  post  M.  as 
swill  just  keep  the  machine  in  equilihrio  in  the  w eakest  wind, 
the  weight  to  be  raised,  as  the  wind  becomes  stronger,  will  be 
increased  in  proportion,  and  the  diameter  of  tho  cone  N O 
may  he  so  large  in  comparison  to  that  of  the  smaller  end  at  M, 
that  the  strongest  shall  hut  just  raise  the  weight  at  the  greater 
end.  If,  for  example,  the  diameter  of  the  axis  be  to  that  of 
the  base  of  the  cone  NO,  as  1 to  28 ; then  if  S be  a weight  of 
1 pound  at  M on  the  axis,  it  will  he  equivalent  to  28  pounds 
when  raised  to  the  greater  end:  if,  therefore,  when  the  wind 
is  weakest,  it  supports  one  pound  on  the  axis,  it  must  be  28 
times  as  strong,  to  raise  the  weight  to  the  base  of  the  cone. 
If,  therefore,  a line  or  srale  of  28  equal  parts,  be  drawn  on 
the  side  of  the  rone,  the  strength  of  the  wind  will  be  indicated 
by  that  number  on  which  the  string  rests. 

It  is  well  known  to  philosophers,  that  rain,  on  the  presence  or 
absence  of  which  at  the  different  seasons  of  the  year,  vegeta- 
tion, and  the  success  of  agriculture,  in  great  measure  depend, 
and  also  the  temperature  of  the  atmosphere,  to  whose  influence 
both  animals  and  vegetables  are  subject,  arises  from,  or  at 
least  is  strictly  connected  with,  the  various  directions  and 
velocities  of  winds.  Nor  has  it  escaped  observation,  that 
tbe  primary  cause  of  the  direction  of  the  wind  from  a given 
quarter,  as  w ell  as  of  the  velocity  of  its  progress,  is  the  rarefac- 
tion of  the  atmosphere  iu  that  tract  towards  which  it  blows. 
The  reason  why  air  does  not  rush  in  from  all  sides  towards  the 
rarefied  tract,  seems  to  me  to  be  the  inequality  of  its  density 
in  the  surrounding  tracts ; for  from  that  quarter,  in  which  the 
mercury  in  the  barometer  stands  highest,  the  air  must  pre- 
ferably proceed.  If  the  density  be  equal  on  all  sides,  ns  in 
some  confined  tracts,  a hurricane  happens : lienee  the  advaiu 
tage  of  ascertaining  and  comparing  the  degrees  of  its  velocity  ; 
for,  those  being  known,  its  cause,  and  degrees  of  rarefaction, 
may  with  great  probability  be  inferred.  Two  causes  of  rare- 
faction are  already  known,-— solar  heat,  and  some  internal  che- 
mical action,  by  which  a quantity  of  air  is  converted  into  water, 
and  sometimes  even  into  a stony  substance ; this  last  being 
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the  moat  sudden  and  complete,  the  rarefaction  of  the  neigh- 
bo u ring;  air  arising  from  it  is  by  far  the  most  violent,  but  com- 
monly of  a much  shorter  duration  and  more  limited  extent. 
An  accurate  measure  of  the  velocity  of  wind  has  long 
been  sought  by  meteorologists.  The  force  of  w ind,  to  w hich 
the  degrees  of  its  velocity  are  proportional,  is  measured  by 
that  of  gravity,  indicated  in  pounds  and  parts  of  a pound 
avoirdupois  ; the  calculation  is  grounded  on  the  observations 
of  Mr.  Smeaton,  who  indeed  observes,  that  the  evidence  of  the 
velocity  is  not  so  great  where  this  exceeds  6(>  miles,  os  when 
60  or  under;  yet,  from  its  agreement  with  other  observations, 
I am  inclined  to  tbink  it  fully  sufficient.  A velocity  of  123 
feet  per  second  was  observed  at  Petersburgh,  in  1711,  that  is, 
at  the  rate  of  83‘8  miles  per  hour.  According  to  Lalandc.  the 
course  of  the  trade-winds  is  betw  een  (>  and  7 miles  an  hour, 
Mr.  Brice,  (Philosophical  Transactions,  1760,  p 226.)  observed 
a storm  whose  velocity  was  03  miles  per  hour.  A fair  wind  at 
sea,  is  that  whose  velocity  amounts  to  20  feet  per  second,  or 
16  03  miles  per  hour.  Bougucr  found  the  vclority  of  winter 
storms  to  be  about  34  miles  per  hour,  and  in  summer  nearly 
43.  ibid . The  distance  from  Holyhead  to  the  Pigeon-house. 
Dublin  Bay,  is  70  miles  ; then  supposing  the  wind  to  be  direct, 
ami  its  velocity  30  mib*s  per  hour,  and  if  w e suppose  the 
packet-boat  to  assume  0 4 of  the  velocity  of  the  wind,  it  will 
arrive  at  the  Pigeon-house  in  68  hours.  Let  W denote  the 
velocity  of  wind  in  the  open  air,  or  meeting  no  opposition ; 
J>  = the  distance  of  the  place  towards  which  the  wind  lends; 
N the  number  of  hours  it  requires  to  traverse  that  distance  ; 
then  any  two  of  these  being  known,  the  othci  may  be  found  by 
the  following  formulas. 


film. 

Sought.  I 

W.  D. 

N.  ! 

N = 

W.  N. 

p.  ! 

I D = 

P.  N.  | 

! w-  1 

W = 

Thus  if  W 
then  N 
1> 
W 


30,  D = 70 
ft  = 2*33 
30  X 2 33  ~ 70 
*'fa  = 30. 


A well-sailing  ship  assumes  1 the  velocity  of  the  wind.  The 
best-sailing  ship  0*4  of  the  wind’s  velocity. 

The  above  Formulas  applied  to  the  Calculation  of  a Ship's  Way. 

Given.  I Stuglil.  | 

m w.  i>-  N. ; N = r"r, 

0-4  W.  N.  [ I).  I»  — 0-4 It. 

D.  N.  0-4  W.  0*4  W = I 

■ I X 

Thus  the  wind  30,  and  the  distance  70  miles,  then  the  number 
of  hours  requisite  to  traverse  th$t  distance  will  be  6- 1 for 
30  x 0^4—  12-0  and  12)70=  6 8 hours.  Again,  0'4  W being 
12.  and  the  Honrs.  6 8,  being  given,  the  distance  70  miles,  we 
have  6 8 x 12  = <2)0,  by  the  second  formula.  And  lastly,  the 
number  of  hours  = 6*8.  and  space  in  miles  = 70,  being  given, 
we  have  0'4  of  the  velocity  of  the  wind  — £ = 12  ; ami  divid- 
ing (Iris  by  0*4,  wc  have  the  rale  per  hour  of  its  course  in  the 
lower  atmosphere. 

l)r.  Kintan’s  Anemometer.  (Nee  Plate,  lig.  1.)  The  ane- 
mometer, with  a vane  or  wcathcr-cock  placed  on  the  top,  to 
shew  the  direction  of  the  lighter  winds,  which  could  not  be 
known  by  the  anemometer,  on  account  of  tbo  weight  of  the 
necessary  appendages  annexed  to  it.  This  is  raised  of  a suffi- 
cient height  above  the  building,  supported  by  a vertical  axis 
or  pole  ; the  lower  end  of  it  passes  through  the  roof  and  ceil- 
ing into  an  apartment  below.  Fig.  2.  The  lower  part  of  the 
pole  or  vertical  axis  A A,  tig.  1,  more  enlarged,  to  give  a better 
view'  of  the  necessary  appendage*.  The  pole  is  made  of  a 
slender  spar,  such  as  arc  made  use  of  for  strong  setting  poles 
for  lighters,  and  handles  for  boat-hooks,  as  not  affected  by 
lightning,  which  iron  too  often  is,  and  the  cause  of  the  destruc- 
tion of  buildings  and  many  lives.  To  this  pole  is  fastened  a 
frame  of  light  wood  by  screws,  in  which  the  weights  are  con- 
fined, one  on  tbe  top  of  another,  in  grooves,  in  &ucb  a manner 
as  to  work  up  und  down  with  the  greatestfacility.  The  weights 
are  connected  together  by  cords,  and  marked  1,  2.  3,  4,  8cc.  ; 
the  space  between  each,  when  drawn  up  by  the  force  of  the 
wind,  is  about  one  inch,  as  may  be  seen  by  the  drawing,  and 
5. 


each  weighs  one  pound  avoirdupois.  To  the  top  weight  is 
fastened  a line,  ami  passing  along  the  pole  to  the  top.  and  over 
a brass  pulley  fixed  at  the  bottom  of  the  square  tube,  under 
the  sliding  rod  B,  fig.  3,  as  far  as  a,  and  there  fastened  : in 
this  sliding  rod  a groove  or  channel  is  cut  underneath,  to 
receive  the  line,  so  as  not  to  impede  its  passage  over  the  brass 
rollers, f,f.  The  line  is  composed  of  a number  of  common 
sewing-threads,  laid  in  different  directions,  well  waxed,  and 
enclosed  in  a cotton  case,  to  prevent  as  much  as  possible  its 
extension  or  contraction  by  the  changes  of  the  atmosphere. 
Fig.  3.  The  wooden  pipe  or  tube,  two  inches  square,  fastened 
on  the  top  of  the  pole  A A,  fig.  1,  open  on  the  side,  to  shew  the 
manner  that  tbe  sliding  rod  B passes  over  the  btnss  rollers/,/',/', 
when  the  wind  is  sufficiently  strong  to  lift  up  one  pound  by  its 
force  on  the  square  surface  presented  to  it,  as  4 and  c.  fig.  4. 
Fig.  4.  The  wooden  pipe  or  tube,  in  which  are  enclosed  the 
sliding  rod.  rollers,  and  line,  from  the  effects  of  the  weather. 
Fig.  6.  The  wooden  frame,  made  of  light  wood,  one  foot  square, 
covered  over  with  very  thin  sheet  brass,  strongly  painted,  and 
varnished  with  copal.  This  frame  is  fastened  to  the  sliding 
rod  B,  fig.  3,  by  means  of  a mortise.  Ac.  Fig.  6.  An  enlarged 
view  of  the  scale  and  index,  which  marks  the  greatest  force  of 
the  wind  during  the  absence  of  the  observer,  which  is  attached 
to  the  frame  confining  the  weights,  as  G II,  fig.  2 : and  being 
connected  with  the  hand  fastened  on  the  top  weight  ( tl  fig.  2,) 
raises  the  small  weight*;  and  this  being  counterpoised  by 
another  of  equal  weight,  by  means  of  a lino  passing  over  a 
small  pulley,  as  represented  by  this  figure,  and  also  G,  fig.  2, 
occasions  the  small  weight,  with  its  index,  to  stop  at  the  num- 
ber of  pounds  raised  by  the  force  of  the  wind,  though  they 
should  fall  down  into  their  proper  places  on  the  wind's  abating. 
The  bottom  of  the  vertical  axis  or  pole  F.  fig.  3,  is  sheathed 
with  a steel  point,  ami  a socket,  which  rest  on  a wooden  stand 
or  frame,  ns  at  D,  fig.  I,  so  as  to  luru  with  ease,  and  avoid  as 
much  as  possible  any  friction.  In  order  to  render  this  simple 
machine  more  complete,  and  answer  tbe  purpose  of  an  ane- 
moscope, as  well  as  an  anemometer,  it  is  only  necessary  to 
apply  to  that  part  of  the  pole  or  axis,  which  is  in  the  apart- 
ment, an  index,  and  attach  to  the  ceiling  a thin  deal  board,  or 
a sheet  of  pasteboard,  with  the  points  of  the  compass  marked 
thereon. 

A TABLE, 


Shewing  the  Velocity  of  the  Wind  in  Miles  per  Hour,  indicated 
by  Avoirdupois  Pounds  and  Parts. 
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Dr.  Ltnd’s  Wind-gage. — This  instrument  consists  of  two 
rlass  tubes  A B,  C l>,  (See Plate, fig.7.)  of  five  or  six  inches  in 
length.  Their  bores  arc  about  four-tenlbs  of  an  inch  in 
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diameter.  The)’  nrc  connected  together  like  a siphon  by  a 
small  bent  pins*  tube  a b.  the  bore  of  w hich  is  about  one  tenth 
of  an  inch  in  diameter.  On  the  upper  end  of  ihc  leg  A B there 
is  a tube  of  lattcn  brass,  which  is  kneed,  or  brnt  perpendicu- 
larly outwards,  and  has  its  mouth  open  towards  F.  On  the 
other  leg  C D,  is  a cover  with  a round  hole  G in  the  upper  part 
ol  it,  two-tenths  of  an  inch  in  diameter.  This  cover  and  the 
kneed  tube  arc  connected  together  by  a slip  of  brass  ed,  which 
not  only  fives  strength  to  the  whole  instrument,  but  also  serves 
to  hold  the  scale  Til.  The  kneed  tube  and  cover  arc  fixed  on 
with  hard  cement  or  sealing  wax.  To  the  same  tube  is  sol- 
dered a piece  of  brass,  e,  with  a round  hole  in  it  to  receive  the 
steel  spindle  K L;  and  nt  f there  is  just  such  another  piece  of 
brass  soldered  to  the  brass  hoop  g A.  which  surrounds  both 
legs  of  the  instrument.  There  is  a small  shoulder  on  the  spin- 
dle at  f ; upon  which  the  instrument  rests,  and  a small  nut 
at  t.  to  prevent  it  from  being  blown  off  the  spindle  by  the  wind. 
The  whole  instrument  is  easily  turned  round  upon  the  spindle 
by  (he  wind,  so  as  always  to  present  the  mouth  of  the  kneed 
tube  towards  it.  The  end  of  the  spindle  has  a screw  On  it ; by 
which  it  may  he  screwed  into  the  top  of  a post,  or  a stand 
made  on  purpose.  It  has  also  a hole  at  L.  to  admit  a small 
lever  for  screwing  it  into  wood  with  more  readiness  and  facility. 

A thin  plate  of  brass,  k . is  soldered  to  the  kneed  tube,  about 
half  an  inch  above  the  ground-hole  G,  so  ns  to  prevent  rite 
from  falling  into  it.  There  is  likewise  a crooked  tube  A B, 

( fig.  8.)  to  be  put  occasionally  upon  the  mouth  of  the  kneed 
tube  F,  in  order  to  prevent  rain  from  Wing  blown  into  the 
mouth  of  the  wind-gage  when  it  is  left  out  all  night,  or  exposed 
in  the  time  of  rain.  The  force  or  momentum  of  the  wind  may  , 
be  ascertained  by  the  assistance  of  this  instrument,  by  filling  ' 
the  tubes  half  full  of  water,  and  pushing  the  scale  a little  up  or  ! 
down,  till  the  zero  of  the  scale,  when  the  instrument  is  held  up  : 
perpendicularly,  be  on  a line  with  the  surface  of  the  water  in 
both  legs  of  the  wind-gage.  The  instrument  being  thus 
adjusted,  hold  it  up  perpendicularly,  and,  turning  the  mouth  of 
the  kneed  tube  towards  the  wind, observe  how  much  the  water 
is  depressed  by  it  in  the  out-  leg,  and  raised  in  the  other.  The 
sum  of  the  two  is  the  height  of  a column  of  water  which  the 
wind  is  capable  of  sustaining  at  that  time , and  every  body  j 
that  is  opposed  to  that  wind  will  be  pressed  upon  by  a force  j 
equal  to  the  weight  of  a column  of  water,  having  its  base  equal  ! 
to  the  altitude  of  a column  of  water  sustained  by  the  wiud  in 
the  wind-gage.  Hence,  the  force  of  the  wind  upon  any  body 
where  the  surface  opposed  to  it  is  known,  may  he  easily  found; 
and  a ready  comparison  may  be  made  betwixt  the  strength  of 
one  gnlc  of  wind  and  that  of  another.  The  force  of  the  wind 
may  be  likewise  measured  with  this  instrument,  by  filling  it 
until  the  water  runs  out  at  the  hole  G.  For  if  it  he  then  held 
up  to  the  wind  as  before,  a quantity  of  water  will  he  blown 
out;  and  if  both  legs  of  the  instrument  arc  of  the  same  bore, 
the  height  of  the  column  sustained  will  be  equal  to  double  the 
column  of  water  in  either  leg,  or  the  sum  of  what  is  wanting  in 
both  legs.  The  use  of  the  small  tube  of  communication  a b, 
(fig.  8.)  is  to  check  the  undulation  of  the  water,  so  that  the 
height  of  it  may  be  read  oif  from  the  scale  with  case  and  cer- 
tainty. Bnl  it  is  particularly  designed  to  prevent  Ihr  water 
from  being  thrown  up  to  a much  greater  or  less  altitude,  than 
the  true  height  of  the  column  which  the  wind  is  able  at  that 
time  to  sustain,  from  receiving  a sudden  impulse  whilst  it  is 
vibrating  either  in  its  ascent  or  descent.  As,  in  some  cases, 
the  water  in  this  instrument  might  he  liable  to  freeze,  and  thus 
break  the  tubes,  a saturated  solution  of  sea-salt  may  be  used 
instead  of  it  in  winter.  Dr.  Lind  gives  the  following  table,  by 
means  of  which,  from  the  observed  height  of  the  column  of 
water  in  the  gage,  the  force  of  the  wind  on  a square  foot  may 
be  determined. 

For  heights  not  given  in  the  following  tabic,  proportional 
parts  are  taken  and  added : for  example,  if  the  height  he 
6 5, — then  to  26  010.  the  force  for  5 inches,  idd  2 004  the  force 
for  0 5,  the  decimal  part,  and  the  sum  of  the  two,  namely.  28'6t5 
pounds,  is  the  answer.  Wh*n  a saturated  solution  of  salt  is 
used,  allowance  must  he  made  for  the  difference  in  the  weight 
of  the  fluid.  The  specific  gravity  of  the  solution  being  to  that 
of  water  as  1*244  to  I,  the  observed  height  of  the  column  must 
In  multiplied  by  I 2 4 4. 


Ilright  <if  tlie  Water 
in  the  (inge. 

12  Inches 
II 
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0 1 
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Force  of  the  Wind  on 
One  Foot  Squnra 
in  l'unndt  Avoud. 

02  500 
67  203 
52*083  \ 
46-876  i 
41667  ... 
36-648  . . . 
31750  ... 

26*041  ... 

20*833  . . . 
15*095  . . . 
10116  ... 
6*208  . . . 
2 604  . . . 

0*521  ... 
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Common  retigntiiona 
of  Mich  Wind*. 


Most  violent  hurricane 

Very  grent  hurricane. 
Great  hurricane. 
Hurricane. 

Very  great  stotm. 
Grent  storm. 

Storm. 

Very  high  wind. 

High  wind. 

Brisk  gale. 

Fresh  breeze. 

Pleasant  wind. 

A gentle  wind. 


M.  Houguer's  Wind  goge. — The  instrument  contrived  by  M. 
Buu purr  consists  of  a hollow  tube  A A,  B B,  (fig.  0,)  in  which  a 
spiral  spring  0 D is  fixed,  that  may  be  more  or  less  compressed 
by  a rod  F S 1)  passing  through  a hole  within  the  tube  at  A A ; 
then  having  observed  to  what  degree  different  forces  or  given 
weights  are  capable  of  compressing  the  spiral,  mark  divisions 
on  the  rod  in  such  a manner,  that  the  mark  at  S may  indicate 
the  weight  requisite  to  force  the  spring  into  the  situation  C D ; 
afterwards  join  at  right  angles  to  this  rod  at  F,  a plane  surface 
EFK  of  a given  area,  cither  greater  or  less,  at  pleasure  ; ihen 
let  this  instiumcnt  be  opposed  to  the  wiud,  so  that  it  may 
strike  the  surface  in  the  directions  V fi,  V E.  parallel  to  that  of 
the  rod,  and  the  mark  at  S will  shew  the  weight  to  which  the 
force  of  the  wind  is  equivalent. 

Dr.  Hre tester' s Anemometer, — Pr.  Brewster  has  suggested 
various  contrivances  for  measuring  the  force  of  the  wind. 
Among  these  we  think  the  following,  which  indicates  the  force 
by  its  effect  in  compressing  a column  of  air  in  a glass  tube,  ia 
the  most  commodious  and  accurate.  The  metal  cap  A B,  (fig. 
10.)  bent  at  a right  angle,  is  fixed  upon  the  top  of  the  glass 
tube  II C,  which  communicates  at  C with  another  glass  tube, 
1)  E,  of  a much  smaller  bore,  with  a bulb,  E,  at  its  end.  Some 
mercury  or  other  liquid  is  poured  into  the  tube  BC,  and  of 
course  rises  to  the  same  level,  wi,n.  in  both  lubes.  When  the 
mouth  A is  exposed  to  the  wind,  the  liquid  at  m descends  in 
the  tube,  and  by  rising  in  the  stem  I)  E,  compresses  the 
enclosed  air  till  there  is  an  equilibrium  between  the  elasticity 
of  the  air  and  the  force  of  the  wind.  To  prevent  the  fluid  from 
oscillating,  a thin  disk  of  wood  floats  on  its  surface  at  m.  The 
scale  of  this  instrument,  to  ensure  accuracy,  should  be  formed 
by  actual  experiment. 

Professor  Leslie's  Anemometer. — It  would  be  improper  to 
close  this  article  without  noticing  the  ingenious  suggestion  of 
this  philosopher,  for  measuring  the  force  of  the  wind  by  its 
cooling  power.  Having  found,  in  the  course  of  his  experi- 
ments on  heat,  that  the  cooling  power  of  a current  of  air  is 
exactly  proportional  to  its  velocity,  he  derived  from  this  prin- 
ciple the  construction  of  a new  anemometer,  which  will  Ire 
understood  without  any  figure,  being,  to  use  his  own  words, 
" in  reality  nothing  more  than  a thermometer,  only  with  its 
bulb  larger  than  usual.  Holding  it  in  the  open  still  air,  the 
temperature  is  marked  : it  is  then  warmed  by  the  application 
of  the  hand,  and  the  time  is  noted  which  it  takes  to  sink  back 
to  the  middle  point.  This  I shall  term  the  fundamental  mea- 
sure of  cooling.  The  same  observation  is  made  on  exposing 
the  bulb  to  the  impression  of  the  wind,  and  I shall  call  the  time 
required  for  the  bisection  of  the  interval  of  temperatures,  the 
occasional  measure  of  cooling.  After  these  preliminaries,  Wf© 
have  the  following  easy  rule  : Divide  the  fundamental  by  the 
occasional  measure  of  cooling,  and  ihc  exress  of  the  quotient 
above  unit,  being  multiplied  by  4}.  will  express  the  velocity  of 
the  wind  in  miles  per  hour.  The  bulb  of  the  thermometer 
might  to  be  more  than  half  an  inch  in  diameter,  and  may,  for 
the  sake  of  portability,  be  filled  with  alcohol,  tinged,  as  usual, 
with  archil.  To  simplify  the  observation,  a sliding  scale  of 
equal  parts  may  be  applied  to  the  tube.  When  the  bulb  has 
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acquired  (hr  due  temperature,  (he  xcro  of  the  slide  is  set  oppo- 
site to  the  limit  of  lhe  coloured  liquor  in  (he  stent:  and  after 
having  hern  heated,  it  again  stands  at  20°  in  its  descent,  the 
lime  which  it  thence  takes  until  it  siuka  to  l(J°  is  measured  by 
u stop-watch.  Extemporaneous  calculation  may  be  avoided, 
by  having  a table  engraved  upon  (he  scale,  for  the  scries  of 
occasional  intervals  of  cooling." 

[Other  devices  have  been  adopted  by  philosophical  ingenuity, 
all  of  which  we  rannot  even  eumuernte.  Mr.  Brice  describes 
one,  which  has  been  successfully  practised  by  himself,  of  mea- 
suring the  velocity  of  the  wind  by  means  of  that  of  the  shadow 
of  clouds  passing  over  the  surface  of  the  earth. — Mr.  Ons-cn- 
flray  invented  another,  which  of  itself  expresses  on  paper,  not 
only  the  several  winds  that  have  blown  during  the  space  of  I 
twenty-four  hours,  and  at  what  hour  each  began  and  ended, 
but  also  (he  different  strength  and  velocities  of  each.] 

ANEMOSCOPE,  fig.  <50,  a machine  that  shews  either  (he  ! 
course  or  velocity  of  (be  wind.  The  machine  which  shews  the 
course  of  the  wind,  or  from  what  point  of  the  compass  it  blows, 
consists  of  an  index  moving  about  an  upright  circular  plate, 
like  the  dial  of  a clock,  on  w hich  the  32  points  of  the  compass 
are  drawn  instead  of  the  hours.  The  index  which  points  to  the 
divisions  on  the  dial,  is  turned  by  a horizontal  axis,  having  a 
frundlr-hcnd  at  its  external  exlrcmity.  This  trundle-bead  is 
moved  by  a cog-wheel  on  a perpendicular  axis  ; ou  the  lop  of 
which  a vane  is  fixed,  that  moves  with  the  course  of  the  wind, 
and  puts  the  w hole  machine  in  motion.  The  whole  contrivance 
is  extremely  simple,  and  nothing  required  in  the  construction, 
but  that  the  number  of  cogs  in  the  wheel,  and  rounds  in  the 
trundlc-head,  be  equal ; because  it  is  necessary,  lhat  when  the 
vane  moves  entirely  round,  the  index  of  the  dial  also  make  a 
complete  revolution.  An  anemoscope  of  this  kind  is  placed  in 
one  of  the  turrets  of  the  queen's  palace.  The  anemoscope, 
calculated  for  indicating  the  force,  or  the  velocity  of  the  wind, 
is  the  same  with  what  most  writers  call  an  anemometer;  and 
we  have,  accordingly,  described  several  of  those  machines  under 
that  article.  Wo  shall  hero  add  another,  constructed  by  the 
late  Mr.  Pickering,  and  published  in  the  Philosophical  Trans- 
actions, No.  473.  This  anemoscope,  4}  feet  high,  consists 


nf  a broad  and  weighty  pedestal,  a pillar  fastened  into  it.  and 
rui  iron  axis  of  about  fc  an  iuch  diameter,  fastened  into  a pillar. 


Upon  this  axis  turns  a wooden  tube  ; at  the  top  of  which  is 
placed  a vane,  of  the  same  materials,  21  inches  long,  consisting 
of  a quadrant,  quadrated  and  shod  with  an  iron  rim,  notched  to 
each  degree : and  a counterpoise  of  wood,  as  in  the  figure,  on 
the  other.  Through  tho  centre  of  the  quadraut  runs  an  iron 
pin,  up  which  are  fastened  two  small  round  pieces  of  wood, 
which  serve  as  moveable  radii,  to  describe  (be  degrees  upon 
the  quadrant,  and  as  handles  to  a velum  or  sail,  whose  vane  is 
one  foot  square,  made  of  canvass,  stretched  upon  four  battens, 
and  painted.  On  the  upper  batten,  next  to  the  shod  rim  of  the 
quadrant,  is  a small  spring,  which  catches  at  every  notrh  cor- 
responding to  each  degree,  as  the  wind  shall,  by  pressing  tho 
sail,  raise  it  up,  and  prevents  the  falling  back  of  the  sail,  upon 
lessening  the  force  of  the  wind.  At  the  bottom  of  the  wooden 
tube  is  an  iron  index,  which  moves  round  a circular  piece  of 
wood  fastened  to  the  top  of  the  pillar  on  tbo  pedestal,  on 
which  arc  described  the  32  points  of  the  compass.  In  fig.  (iff, 
this  machine  is  shewn,  where  a is  the  pedestal  ; b the  pillar  on 
which  (be  iron  axis  is  fitted  ; e the  circle  of  wood,  on  which  arc 
described  the  32  points  of  the  compass  ; e tho  wooden  tube 
upon  its  axis;  f the  velum  or  sail ; >j  the  graduated  quadrunt ; 
k the  counterpoise  of  the  vane.  The  adjoining  figure,  70,  a 
represents  the  velum  ; b the  spring;  ee  the  wooden  radii;  dd 
the  holes  through  which  the  pin  in  the  centre  of  the  quadrant 
goes.  Its  uses  are  the  following;  — I.  Having  a circular  motion 
round  (he  iron  axis,  and  being  furnished  with  a vane  at  the  lop 
and  index  at  the  bottom,  when  once  you  have  fixed  the  artifi- 
cial cardinal  points,  described  on  the  round  piece  of  wood  on 
the  pillar,  to  the  same  quarters  of  the  heavens,  it  gives  a faith* 
ful  account  of  thut  quarter  from  which  the  wind  blows.  2.  By 
having  a velum  or  sail  elevated  by  the  wind  along  the  arch  of 
the  quadrant  to  a height  proportionable  to  the  power  of  the 
column  of  wind  pressing  against  it,  the  relative  force  of  the 
wind,  and  the  comparative  power,  at  any  two  times  of  examina- 
tion, may  be  accurately  taken.  3.  By  having  a spring  fitted  to 
tbc  notches  of  the  iron  with  which  the  quadrant  is  shod,  the 
velum  is  prevented  from  returning  back  upon  the  fall  of  the 
wind  ; and  the  machine  gives  the  force  to  the  highest  blast, 
since  the  last  time  of  examination,  without  the  trouble  of  watch- 
ing it.  The  ingenious  contriver  of  this  machine  tells  us,  that 
he  carefully  examined  what  dependence  may  be  had  upon  it, 
during  the  storms  of  February  1743-4,  and  found  that  it 
answered  exceedingly  well;  for  that,  in  such  winds  as  the 
sailors  call  violent  storms,  the  machine  had  six  degrees  to 
spare  for  a more  violent  gust,  before  it  comes  to  a horizontal 
position.  It  is  certainly  to  be  depended  upon  in  ordinary 
weather,  the  velum  being  hung  so  tenderly,  as  to  feel  the  most 
gentle  breeze.  There  is,  however,  reason  to  fear,  that  the 
exposing  of  the  anemoscope  to  all  winds  for  a continuance, 
must  disorder  it;  especially  irregular  blasts  and  squalls.  It 
may  not,  therefore,  be  amiss,  in  violent  squalls,  for  the  observer 
to  take  tbc  tube,  with  its  vnne  and  velum  in  his  hand,  in  order 
to  know  the  force  of  the  wind  ; and  when  he  has  finished  his 
observations,  to  carry  his  machine  into  the  bouse,  till  the 
violence  of  the  storm  is  abated,  when  it  may  be  replaced  in  its 
former  situation. 

ANETHUM,  dill  and  fennel. 

ANEURISM,  a throbbing  tumor  distended  with  blood,  and 
formed  by  the  dilation  or  rupture  of  an  artery. 

ANGEIOTOMY,  the  opening  a vein  or  artery. 

ANGELICA.  To  Candy.  Angelica  is  cultivated  only  for  the 
large  ribs  of  its  leaves,  which  arc  cut  in  May  or  June,  and 
made  into  a candy  as  a medicinal  plaut.  Take  it  when  young, 
cut  it  in  Irngths,  cover  it  close,  and  boil  it  till  it  is  tender ; 
peel  it,  and  put  it  in  again,  let  it  simmer,  and  tioil  till  it  is 
green;  then  take  it  up,  and  dry  it  with  a cloth.  To  every  pound 
of  stalks  put  a pound  of  sugar  : put  your  stalks  into  an  earthen 
pan.  Beat  the  sugar,  and  strew  it  over  them.  Let  it  stand 
two  days ; then  boil  it  till  it  is  clear  and  green  : put  it  in  a cul- 
lender to  drain.  Beat  a pound  of  sugar  to  powder  again, 
and  strew  it  on  your  angelica.  Lay  it  on  plates  to  dry.  and 
set  the  plates  in  the  oven  after  the  pies  arc  drawn.  3}  lbs  of 
sugar  is  the  proportion  to  4 lbs  of  stalks. 

ANGINA,  an  inflammation  of  the  throat,  called  the  quinsy. 

ANGLE.  Anguhu,  in  Geometry,  is  formed  by  the  opening 
or  mutual  inclination  of  two  lines  meeting  in  a point;  such  is 
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the  angle  B A C.  or  B A T). — J \ote. 

Wbcu  an  angle  in  denoted  by  three 
letter*,  that  at  the  angular  point 
must  be  read  in  the  middle.  But  ^ x 

sometimes,  for  brevity  sake,  if  there  D ff"  — C 

be  but  one  angle  at  a point,  that  angle  is  denoted  by  the  single 
letter  standing  at  that  point. 

Angles  are  of  several  dilferent  kinds  or  denominations,  as 
rectilinear,  curvilinear , spherical,  mixed,  solid,  lie.  Rectilinear 
Angle,  is  that  which  is  formed  by  the  meeting  of  two  right 
lines,  Carvi/iaear  Angle  is  that  which  is  formed  by  the  meet- 
ing of  two  curve  lines.  Mixtilinear  AsuLt.,  is  formed  by  the 
meeting  of  a right  line  and  curve.  Spherical  Angle,  is  that 
which  is  formed  on  the  surface  of  a sphere,  by  the  intersection 
of  two  great  circles.  See  Simieke  ami  Smiekical  Trigonometry. 
Solid  Angle,  is  formed  by  the  mutual  inclination  of  more  than 
two  planes,  or  plane  angles,  meeting  in  a common  point.  See 
Solid  Angle. 

Properties  and  Denominations  of  Rectilinear  Angles. — Right 
Angle  is  that  which  is  formed  by 
one  liuc  perpendicular  to  another ; 
or  th.it  which  is  subtended  by  a 
quadrant  of  a c ircle  ; as  tbc  angle 
B AC.  All  right  angles  arc  equal 
to  one  another.  An  Oblique  Angle 
is  that  which  is  greater  or  less  than  a 
light  angle;  and  these  are  distinguished  into  two  kinds,  acute 
and  obtuse.  An  Acute  Angle  is  less  than  a right  angle,  as 
DAC.  AnOltuse  Angle  is  greater  than  a right  angle;  as 
RAC.  Adjacent  Angles,  arc  the  two  angles  formed  by  one 
line  meeting  another,  any  where, 
except  at  its  extremities ; such 
are  the  two  angles  il  A D and 

II  AC.  These  angles  are  said  to  

be  supplements  to  each  other,  1 
their  sum  being  equal  to  two  right 
angles  Vertical. ot Opposite  Angles, 
arc  such  as  have  their  legs  mutual 
continuations  of  each  oilier ; as 
UAC  aud  DAC.  Vertical,  or  op- 
posite angles,  arc  equal  to  each  other. 

Alternate  Angles,  are  those  made  on 
the  opposite  sides  of  a line  cutting  two 
other  lines;  as  AFG  and  DO  F.  Ami 
if  these  two  lines  arc  parallel,  tbo  alter- 
nate angles  are  equal.  External  Angles, 
are  those  formed  by  the  sides  of  any 
right-lined  figure,  and  the  adjacent  sides 
produced ; such  are  the  angles  A,  B.  C, 
ice.  The  sum  of  all  the  external  angles 
of  any  figure  is  equal  to  four  right  angles. 

Internal  Angles,  are  the  angles  within  a 
figure,  formed  by  the  meeting  of  each  two 
adjacent  sides  ; as  the  angles  a,  h.  r,  ice. 

The  sum  of  all  the  inward  ancles  of  any 
right-lined  figure,  is  equal  to  twice  as 
many  right  angles,  wanting  four,  as  the 
figure  has  sides.  An  Angle  at  the  Centre  of 
a Circle,  is  that  whose  angular  point  is  at  the 
centre;  such  as  the  angle  AC  11.  An  Angle 
at  the  Circumference,  is  that  whose  angular/  / 
point  is  in  any  part  of  the  circumference  ; as  / ^ \ 
the  angle  A D B.  An  angle  of  the  centre  is.  . \A 
double  an  angle  at  the  circumference,  when 
both  stand  on  the  same  arc.  An  Angle  in  a ‘\^ 

Semicircle  is  an  angle  at  the  circumference 
contained  in  a semicircle,  or  standing  upon  a semicircle  or 
diameter  ; and  it  is  a light  angle.  An  angle  in  a segment 
greater  than  a semicircle,  is  less  than  a right  angle.  An  angle 
m a segment,  less  than  a semicircle,  is  greater  than  a right 
angle.  Angles  of  other  denominations  are  used  by  some 
authors,  as,  the  Homed  Angle,  formed  by  the  circumference 
of  a circle  and  a right  line ; Lunulor  Angle,  formed  by  two 
curve  lines,  one  concave  and  the  oilier  convex  ; and  Vissoid 
Angle, the  inward  angle,  formed  by  the  intersection  of  the  two 
spherical  convex  lines. 


[ Problems. — 1.  To  bisect  a given  Angle,  , 

i RAC.  From  the  centre  A,  with  any  Fiy.Td. 

| radius,  describe  an  arc  cutting  olf  the  * / |\ 

: equal  lines  AD,  A 15;  and  from  the  two  n.  j JC 

j centres  D B.  with  the  same  radius,  / | /\ 

' describe  are* intersecting  in  F,  then  draw  ' *.!/  \_ 

A F ; which  will  bisect  the  angle  as  re-  ®' 
quired. 

‘2.  At  a gieen  point  A ia  the  line  A B,  to  make  an  Angle  equal  to 
a given  Angle  C.  From 

thf  centre,  A #ml  C,  .ith  K/JHiiffl  A^ttage 

any  one  radius,  describe  s' \ 

the  arcs  D E,  BG;  then  p-  -- ^ 

with  the  centre  B,  aud  da  d 

radius  I)  B,  describe  an  arc  cutting  B G in  G.  Through  O 
draw  the  line  A (J,  and  it  will  form  the  angle  required. 

U.  To  Measure  the  Quantity  of  an  Angle  on  P offer. — Apply  the 
centre  of  a protractor  to  the  vertex  of  the  angle,  so  that  the 
radius  may  coincide  with  one  of  the  lines ; and  the  degree 
shewn  by  the  other  line,  will  give  the  measure  of  the  angle 
required. 

Otheru  ise  with  the  Line  of  CAoiW/.—With  a radius  equal  lo  the 
chord  of  dlf0,  describe  an  arc  between  the  lines  forming  the 
angle  ; then  apply  the  subtense  of  ibis  arc  to  the  same  scale  of 
chords,  and  it  will  give  the  measure  sought. 

Angles,  in  Astronomy,  receive  the  following  particular 
denomination:  as  Angle  of  Commutation,  of  Elongation,  of 
Position.  &c.  ; for  which,  see  the  respective  terms. 

Angles,  in  Mechanics  and  Optics,  also  rcccivo  particular 
denominations,  aud  are  distinguished  into  separate  orders;  as 
Angles  of  Direction,  Elevation , Inclination,  Infection,  Incidence, 
Refraction,  itc. ; for  which,  see  the  respective  terms.  Ojttic 
Angle,  ia  the  angle  included  between  two  rays,  drawn  from 
the  two  extreme  points  of  au  object  to  the  centre  of  the  pupil 
of  the  eye. 

ANGLING,  among  sportsmen,  is  the  art  of  fishing,  cither 
with  bait  or  flies,  and  a rod  and  line.  The  great  secret  of 
angling  with  bait  is.  to  attract  the  fish  to  some  particular  spot 
by  tluowing  in  grains,  chopped  worms, Ike.  if  the  water  is  still; 
or  if  running,  by  enclosing  a large  quantity  of  worms  iu  a tin 
box  full  of  holes,  by  which  the  worms  may  crawl  out  and 
attract  the  fish.  The  anglers  stand,  sheltered  by  some  bush 
or  tree,  os  particularly  at  deep-water  gullies,  sluices,  mill- 
dams.  or  ponds  where  the  cattle  go  to  water.  Cliuli  love  deep 
shaded  holes  ; eels  are  found  under  the  banks  of  rivers  aud 
ponds;  perch,  in  clear  water  and  a swift  stream;  so  are  roach 
and  trout  found  in  quick  currents ; breams  in  deep  quiet 
places.  The  best  season  for  angling,  is  from  April  to  ttalohcr. 
A cloudy  duy,  after  a bright  moonlight  night,  is  good  for  fish- 
ing. Cool  weather  in  summer,  and  warm  weather  in  wiutcr, 
arc  the  fit  seasons,  from  three  till  nine  iu  the  morning,  ami 
from  three  till  sun-set  in  the  afternoon.  A southerly  wind,  in 
a dull  warm  day.  is  the  best  time  of  any 

ANGOL  A Pea,  pigeon  pea. 

ANGQR,  a concentration  of  natural  heat ; the  consequence 
of  Which  If,  n pain  of  the  head,  palpitation,  and  sadness. 

ANGUINEAL  Hypf.uhola.  See  Hyperbola. 

ANGULAR,  something  relating  to,  or  having  angles. 
Angular  objects  at  a distance  appear  round. 

Angela n Motion,  is  that  which  is  performed  by  an  oscil- 
lating or  vibrating  body,  as  referred  to  the  angle  which  it 
describes  or  passes  over  in  a given  time,  the  vertex  of  which  is 
the  point  of  suspension,  or  centre  of  motion.  Hence  all  points 
in  a pendulum  have  the  same  angular  motion,  although  their 
absolute  motions  are  dilferent  from  each  other,  being  greater 
or  less,  according  to  their  distance  from  tbo  centre  of  sus- 
pension. Angular  Motion  is  also  sometimes  used  to  denote  a 
motion  which  is  partly  curvilinear,  and  partly  rectilinear;  as 
the  motion  of  a coach-wheel  on  a plane.  Angular  Sections,  a 
term  used  by  Viela  to  denote  a species  of  analytical  trigono- 
metry, relating  to  the  law  of  iucrease  and  decrease  of  the  sines 
and  chords  of  multiple  arcs. 

ANIMAL,  in  Natural  History,  an  organized  and  living  body, 
endowed  with  sensation.  Minerals  increase  ; plants  grow  aud 
live  ; but  animals  have  the  power  of  locomotion,  of  seeking 
and  appropriating  nourishment. 
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Animal  Flatten,  or  Sea 
Nettle,  or  Sea  Anemone,  fig. 

HI.  is  a fleshy  substance,  en- 
dowed with  claws,  stoin.'ich, 
mouth,  Ac.  and  found  adher- 
ing to  rocks  in  the  sea  by 
one  end,  and  with  the  other 
voraciously  detouring  what- 
ever food  eomes  in  their  way. 

Am  m al  Substance*,  in  Che- 
mistry. The  constituent  prin- 
ciples of  animal  substances 
are  nearly  the  same  with 
those  of  the  vegetables  ; the  former,  however,  contain  more  of  l 
nitrogen  and  phosphorus;  the  latter,  more  of  carbon  and 
hydrogen.  The  complex  constituent  parts  of  animal  sub- 
stances are  the  following:  — 1.  Gelatine.  2.  Fibrin.  3.  Al- 
bumen. 4.  Animal  oils.  6.  Hone.  6.  Blood.  7.  Milk.  8. 
Horn.  9.  Phosphorus  and  animal  acids.— -Gelatine,  or  Rnimal 
jelly,  very  generally  dispersed  through  all  the  parts  of  animals, 
even  in  bones,  exists  in  the  greatest  quantity  in  the  tendons, 
membranes,  and  the  skin.—- Fibrin,  or  animal  fibre,  forming 
the  basis  of  the  muscular  or  fleshy  parts  of  animals,  is  fibrous 
in  its  structure,  transparent,  and  insoluble  in  water  and  alco- 
hol, except  by  a long  continued  heat  in  a Papin’s  digester. — 
Albumen  is  the  principal  constituent  part  of  the  .serum  of 
blood  ; it  is  also  called  roagulable  lymph.  The  white  of  eggs 
consists  almost  entirely  of  albumen. — Animal  oil,  generally 
solid  at  the  temperature  of  the  atmosphere,  contains  more  oxy- 
gen and  scltacic  acid,  than  the  vegetable  oils.  Among  animal 
oils  may  be  ranked  fat,  tallow,  lard,  suet,  butter,  &c.  Fish  oil 
is  generally  more  liquid  than  other  animal  oils.  Spermaceti 
is  an  animal  oil,  found  in  the  head  of  a species  of  wlmlc. — 
Bones  consist  chiefly  of  phosphate  of  lime,  with  carbonate  of 
lime,  and  gelatine. — Blood  consists  of  albumen,  fibrin,  colour- 
ing matter,  and  a mild  oil.  The  colouring  matter  bus  been 
supposed  to  depend  upon  iron,  but  Vau'iuelin  has  proved,  that 
the  most  delicate  lest  could  not  evince  the  existence  of  iron  in 
it.  Blood,  when  suffered  to  rest,  separates  into  two  parts,  the 
one.  a eoagulum  or  clot,  railed  the  crassumentum  ; the  other,  a 
fluid,  called  the  scrum. — Milk,  if  suffered  to  rest,  throws  upon 
its  surface  a butteraccous  oil,  called  cream.  If  the  remaining 
skimmed  .milk  bo  suffered  to  stand,  it  becomes  sour,  and  sepa- 
rates into  two  parts:  curd,  which  is  chiefly  albumen;  and  \ 
whey,  (which  is  generally  analogous  to  serum,)  mixed  with 
sugar  and  lactic  acid.— Horn.  &c.  Nails,  burns,  haul's,  and 
quills,  resemble  coagulated  albumen.  Bile,  urine,  saliva,  Ac.  j 
are  all  animal  substances  of  a complicated  nature. 

Ammal  Putrefaction.  Every  animal  body,  when  deprived  of  ; 
life,  and  exposed  to  the  air,  undergoes  a decomposition,  or  i 
resolution  of  its  parts.  Its  colour  becomes  pale,  and  then  | 
changes  to  blue  and  green ; the  parts  become  soft,  and  send  out 
a putrid  smell,  from  the  discharge  of  noxious  gas.  The  organi- 
zation is  destroyed,  the  constituent  parts  of  the  animal  sub. 
tanecs  form  new  arrangements,  and  arc  chiefly  resolved  into  a 
gaseous  state;  and  what  remains  is  a dry  powder,  composed  of 
earths  and  charcoal. 

ANIMALCULES,  such  animals  as  are  clearlv  discernible 
only  by  means  of  microscopes,  for  iniiiions  of  millions  of  them 
might  be  contained  in  a thimbleful  of  water,  w hich  is  the  best 
clement  for  studying  their  motions.  By  the  microscope  many 
kinds  of  animalcules  have  been  discovered,  as  different  from 
each  other  as  tho  horse  from  the  mouse  ; some  indeed  so 
exceedingly  minute,  that  a million  would  not  equal  in  magni- 
tude a large  grain  of  sand  ; and,  as  more  and  smaller  objects 
have  ever  been  discovered,  in  proportion  to  the  goodness  of 
the  glasses  with  which  they  have  been  viewed,  it  is  highly  pro- 
bable that  there  arc  numberless  other  species,  of  a site  much 
less  than  those  already  discovered.  Every  drop  of  water,  and  } 
almost  any  fluid,  except  oils  and  ardent  spirits,  either  does  or  1 
will,  by  standing  exposed  a few  days  in  warm  weather,  swarm 
with  living  creatures,  Sonic  seem  natural  inhabitants  of  the 
fluids  in  which  they  arc  found;  others  live  there  only  occa- 
sionally, in  the  manner  of  gnats,  which,  from  eggs  dropped  in 
water  by  tbeir  parents,  become  swimming  animals  ; but.  after 
a short  time,  shed  their  skins,  appear  in  a form  without  resem- 


blance to  that  before  assumed,  fake  wing,  and  claim  kindred 
with  the  countless  millions  which  rejoice  in  the  air.  The 
largest  sort  arc  thin  and  transparent;  they  turn  frequently, 
have  many  feet,  often  seen  about  the  extremities  : at  one  end 
are  some  bristles  longer  than  the  feet,  resembling  a tail.  Their 
motion  is  swift,  and  their  frequent  turns  and  sudden  stops 
would  intimate  that  they  were  hunting  after  their  prey,  pro- 
bably insects  indefinitely  smaller  than  themselves,  that  hate 
hitherto  escaped  notice  with  the  best  glasses.  They  employ 
their  feet  in  both  running  and  swimming ; for,  putting  a hair 
among  them,  like  rope-dancers,  they  often  creep  along  it, 
bending  in  odd  postures.  The  second  kind  are  spiral  or 
screw-like  : when  they  He  still,  they  often  thrust  forth  a fringed 
or  bearded  longue;  a small  current  may  he  discerned  towards 
them,  probably  caused  by  the  nimble  motion  of  some  fins  or 
legs,  too  minute  to  be  discerned.  Another  sort,  about  the  same 
size,  but  without  tails,  resemble  a flounder  : their  feet  may  be 
seen  clearly,  as  the  water  evaporates,  when  they  move  very 
nimbly  . The  next  kind  appear  like  slender  worm*,  about  fifty 
limes  longer  than  broad;  their  waving  progressive  motion  is 
equal  and  slow.  They  swim  with  equal  facility  any  way  ; and 
being  every  where  of  the  same  thickness,  it  is  difficult  to  ascer- 
tain the  head.  A fifth  sort  are  so  small,  (hat  an  hundred  in  u 
row  would  not  equal  the  diameter  of  a grain  of  sand  ; and 
consequently  a million  are  hut  equal  in  bulk  to  one  such  par- 
ticle; tbeir  shape  is  nearly  globular.  A sixth  kind  have  also 
been  discerned,  about  the  thickness  of  the  last,  hut  twice  ns 
long.  The  smallest  drop  of  sulphuric  arid,  only  as  much  as 
will  stick  to  the  point  of  a pin,  put  urnong  these  animalcules, 
will  cause  them  all  to  fall  down  dead.  So  cels  in  paste  are 
very  entertaining  objects  when  examined  by  any  microscope, 
particularly  the  solar  one,  which  very  plainly  distinguishes  tho 
motions  of  their  intestines;  and.  when  the  water  is  nearly 
evaporated,  and  they  are  near  expiring,  their  mouths  appear 
opened  to  a considerable  width.  Leeuwenhoek  says,  no  living 
creatures  appear  in  rain  water  fresh  descended,  but  after 
standing  a few  days,  innumerable  animalcules  of  different  spe- 
cies, many  thousand  times  smaller  than  a grain  of  sand,  arc 
visible  by  the  microscope.  Tn  summer,  the  water  in  ditches 
appears  sometimes  greenish  or  reddish  ; which,  examined  with 
the  microscope,  is  owing  entirely  to  the  millions  of  animalcules 
crowded  on  the  surface.  Their  bodies  are  oval  and  transpa- 
rent, the  middle  parts  either  green  or  red ; seem  composed 
of  globules,  so  similar  to  the  roe  of  fish,  that  it  is  believed  to 
be  the  same,  especially  as  they  are  found,  after  some  time,  per- 
fectly clear  and  colourless,  when  they  may  be  supposed  to 
shed  their  spawn.  The  water  from  dunghills  is  so  thronged 
with  animalcules,  that  it  seems  all  alive,  and  must  he  diluted 
before  they  can  be  separated  to  distinguish  their  kinds. 

ANNEALING,  Ni  aling.  the  cooling  of  bottles  and  glass 
gradually  by  placing  the  materials  thus  blown  in  a furnace,  in 
which  they  gradually  cool.  By  the  process  of  annealing,  tho 
glass  is  kept  for  some  lime  in  u state  approaching  to  fluidity  ; 
the  heat  increases  the  bulk  of  the  crystallized  part,  and  renders 
it  so  soft,  that  the  internal  parts  have  an  opportunity  of  ex- 
panding. and  forming  a regular  crystallization.  A similar 
process  is  now  used  for  rendering  kettles,  and  other  vessrls  of 
cast  iron,  less  brittle.  And  ns  iron  diminishes  in  bulk  when  it 
passes  into  a fluid  state,  the  crystals  of  cast  iron  arc  destroyed 
by  the  blast  of  an  nir  furnace,  and  tho  mass  converted  into 
forged  iron,  the  particles  of  which  it  is  composed  having 
arranged  themselves  into  that  form  of  crystals  or  laminar,  by 
which  forged  iron  is  distinguished.  See  Iron,  he. 

ANNO  DOMINI,  the  year  of  our  Lord  ; the  computation  of 
time  from  our  Saviour's  birth. 

ANNUAL,  in  Astronomy,  any  thing  which  relates  to  the 
year,  or  which  returns  yearly  ; as  Maf  ia*  of  the  Earth, 

Argument  of  Longitude , Epaett.  Equation,  he. 

ANNUITIES,  signify  any  interest  of  money,  rents,  or  pen- 
sions, payable  from  time  to  time,  at  particular  periods.  The 
most  general  division  of  annuities  is  into  annuities  certain,  ami 
contingent  annuities;  the  payment  of  the  latter  depending 
upon  some  contingency  ; such,  in  particular,  as  the  continuance 
of  life.  Annuities  have  also  been  divided  into  annuities  in 
possession,  and  annuities  in  reversion;  the  former  meniting 
such  as  have  commenced,  or  are  to  commence  immediately ; 
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and  (he  latter,  Audi  a*  will  not  commence  till  some  particular 
future  event  has  happened,  or  till  some  given  period  of  lime 
has  expired.  Annuities  maybe  farther  considered  as  being 
pa) able  yearly,  half-yearly,  or  quarterly.  The  present  value 
of  an  annuity  is  that  sum,  which,  being  improved  at  compound 
interest,  will  be  sufficient  to  pay  the  annuity.  To  find  the 
present  value  of  an  annuity  by  the  following  Tabu,  we  have 
only  to  find  the  amount  for  £1  at  the  given  rate  of  interest, 
und  for  the  given  time  ; which  multiplier!  by  the  given  annuity, 
or  payment,  will  bo  the  present  worth  — Example.  What  is  the 
preseut  value  of  an  annuity  of  £40  per  annum,  to  continue  20 
years,  at  the  rate  of  4 per  cent..’  By  the  Table,  the  amount  of 
£1  for  20 years,  at  4 percent,  is  13*500326;  therefore,  13*500326 
X 10=  £543.  12#.  very  nearly. 


TaILK. — The  pretent  Valne  of  £ \ per  Annum,  and  from  1 to  60 
yeart,  at  any  rate  of  Compound  Interest  from  3(otl  per  Cent. 


Yf». 

At  3 

per  Cent. 

per  Cent. 

4 

per  Cent. 

per  Cent. 

& 

per  Cent 

0 

per  Cent. 

1 

*970874 

•966181 

-961538 

■956939 

-932381 

•943390 

2 

1*913470 

1*899694 

1 *086005 

1*872608 

1 859410 

1*833393 

3 

2*82851 1 

2801  (.37 

2-775091 

2 748901 

2*723248 

2(.73012 

4 

3 716098 

3-673079 

3 629895 

3 587520 

3-345950 

3 1651  tKi 

5 

4 579708 

4 515052 

4*451822 

4 389077 

.■jaair: 

4*212361 

0 

5117191 

5-3285  53 

5*2421*7 

5*157872 

so;  ..692 

4 917321 

7 

6-2302*3 

6 111541 

6*004055 

5-89270 1 

S -M.37S 

5*582381 

8 

7 019692 

6 873956 

6 732745 

6 595886 

6-463213 

6 2.19791 

9 

7-7HAI09 

7 6070*7 

7*435332 

7 268790 

7-107822 

0 8 J 1692 

10 

8 530203 

8-31660. 

8*1 10890 

7*912718 

7721735 

7*360087 

11 

9 252621 

9 001551 

» 760177 

8 328917 

8 306414 

7-886875 

12 

9954001 

9 66333 1 

9 385074 

9-118581 

8*863252 

8-381841 

13 

10-631955 

10  3027  38 

9*98561 8 

9-082832 

9 393373 

8 8)268.1 

14 

11-296073 

10-920520 

10  563121 

10-222825 

9 898641 

9 294981 

13 

11*937935 

11-517111 
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ANNULET,  a small  squat e member  in  the  Doric  capital, 
under  ihe  quarter  round. 

ANODYNE,  a medicine  which  eases  pain,  and  procures 
sleep:  as  paregorics, which  assuage  pain;  hypnotics,  which  pro- 
cure sleep;  and  narcotics, w hich  relieve  by  causing  stupefaction. 

ANOMALISTIC AL  Year,  the  period  in  which  the  earth 
passes  through  her  orbit.  The  periodical  year. 

ANOMALY,  in  Astronomy,  an  irregularity  in  the  planets, 
whereby  they  deviate  from  the  aphelion,  or  apogee. 

ANON  A.  the  rustard  apple,  cultivated  in  tropical  climates 
on  account  of  Its  fruit. 

ANONYMOUS,  in  Law,  the  sending  letters  without  signa- 
ture. which  is  felony  by  the  Black  Act. 

ANS.f!.  the  Darts  of  Saturn's  ring  projecting  bevond  the 
disc. — Anskr,  z small  star  in  the  milky  way. between  the  Swan 
and  Eagle. 

ANTAHES,  a star  of  the  first  magnitude.  Cor  Seorpiu 

ANTECEDENT,  in  Mathematics,  the  first  of  two  terms  of  a 
ratio. 

ANTECEDENCE,  in  Astronomy,  an  apparent  motion  of  a 
planet  towards  the  west,  or  contrary  to  the  order  of  the  signs. 

ANTESTATl.’RE,  in  Fortiliration,  a small  retrenchment 
made  of  palisndors,  or  anrkx  of  earth,  with  a view  to  dispute 
with  an  enemy  the  remainder  of  a piece  of  ground. 

ANTHELIX,  the  inward  protuberance  of  the  external  ear, 
being  a semicircle  within,  and  almost  parallel  to  Ihe  helix. 

ANTHELMINTICS,  medicines  that  destroy  worms. 

A NTH  EM  IS,  camomile,  medicinally  aperient,  carminative, 
emollient,  and  in  some  measure  anodyne  : the  flowers  afford  a 
shining  yellow. 

ANTHBRA,  that  part  of  the  stamina  within  the  corolla,  that 
contains  the  pollen,  which,  when  mature,  it  emits  for  the  im- 
pregnation of  the  plant. 

ANTHKRICUM.  spider  wort. — Anthocerob,  horn  flower. 
— Astholyza,  mad  flower. — Anthospermi'm,  amber  tree.' — 
Anthox ANTHTM.  vernal  grass. 

ANTHROPOPHAGI,  inen-cuters,  which  have  existed  in 
all  ages,  and  in  many  countries,  where  neither  religion  nor 
philosophy  enlighten  the  savage  mind. 

ANTHYLLIS,  kidney  vetch. 

A NT!  DBS  M A,  Chinese  laurel. 

ANTIBILIOUS  Pills;  aloes,  icammony,  Turkey  rhubarb, 
and  tartarized  antimony  : one  grain  of  each  makes  one  pill. 

ANTI  MON  Y,  u mineral,  so  brittle  ns  to  be  easily  pulverised  ; 
it  is  of  a whitish  blue  colour,  is  rarely  found  native,  but 
generally  combined  with  sulphur.  Among  the  ancients  it  was 
in  much  repute  as  a dye  for  the  eyelashes  and  eyebrows.  As 
a medicine,  it  forms  an  emetic,  when  dissolved  in  wine  and 
acetous  arid.  The  Urtnrir  arid  forms  with  it  tartar-emetic. 
In  the  arts,  it  is  used  to  give  the  composition  of  burning  mir- 
rors n finer  texture  ; it  renders  the  sound  of  bell-metal  more 
clear;  mingled  with  tin,  it  makes  this  last  harder,  whiter,  and 
sonorous;  mixed  with  lead,  it  makes  printing  types  smooth 
and  firm  ; it  purifies  gold  ; and  is  employed  in  casting  cannon 
bails  —For  the  brute  creation,  the  virtues  of  antimony  are  highly 
extolled  : it  cures  the  measles  in  pigs,  and  purifies  their  blood  ; 
horses  that  have  running  heels  arc  healed  l»y  it,  by  mixing  one 
drachm  of  antimony  with  every  feeding  of  oats  you  give  the 
horse  in  (he  morning.  When  horses  refuse  it  in  oats,  give  it 
them  in  balls.  Horses  that  look  lean  and  scabby  are  soon 
fattened  by  a slight  dose  for  two  months  every  morning;  and 
pigs  also  arc  fattened  u fortnight  sooner  by  having  a fow  doses 
of  antimony  administered  to  them. 

ANTI  NOUS,  in  Astronomy,  a figure  inserted  into  the  con- 
stellation Anuiln,  the  Eagle. 

ANTIPODES,  those  inhabitants  of  the  globe  that  live 
diametrically  opposite  to  each  other. 

ANTIRRHINUM,  snap-dragon,  or  calvc’s  snout,  which  is 
recommended  in  leprous,  scrofulous,  and  hydropic  rases. 

ANTISCORBUTICS,  medicines  good  against  the  scurvy. 

ANTISEPTICS,  such  substances  as  resist  putrefaction;  at 
sea  salt,  nitre,  salt  of  wormwood,  alum,  myrrh,  asafortida,  terra 
japonica.  aloes;  Jesuits' hark,  camomile,  pepper,  ginger,  saf- 
ron,  sage,  rhubarb;  valerian,  mint,  angelica,  ivy,  green  tea, 
horse-radish.  Ike.  ; all  the  vegetable  substances  being  dried. 

ANTITHESIS,  iu  Rhetoric,  a contrast  or  opposition  uf 
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words  or  sentiment* ; and  generally  tbe  favourites  of  young  i 
writer*. 

ANTONOMASIA  is  another  figure  of  speech,  in  which,  for 
a proper  uanie,  is  put  the  name  of  some  dignity,  office,  profes- 
aion.  fee. ; as  the  king,  or  hi*  majesty - 

ANTLIA  Pneumatics,  the  Pneumatic  Pump,  is  a novel 
astcrism,  which  De  la  Caille  formed  out  of  a few  stars  between 
Hydra  and  Argo  Navis. 

ANVIL,  a smith's  utensil,  upon  which  be  hammers  his 
mctnl ; at  one  end  is  sometimes  a spike  or  horn,  and  tbe  sur- 
face must  be  very  smooth  and  flat,  and  so  hard  that  a file  can 
make  no  impression  on  it : it  is  mounted  on  a block,  the  stump 
or  root  of  a tree.  There  are  smalt  anvils  used  by  locksmiths, 
which  stand  on  their  benches,  Stc. 

AORTA,  the  artery  which  rises  immediately  from  the  left 
ventricle  of  the  heart,  and  is  from  thence  distributed  to  all  parts 
of  the  body,  by  two  grand  trunks  ascending  and  descending. 

ANXIETY,  is  a disagreeable  sensation,  quite  different  from 
pain,  ns  being  more  obtuse,  and  less  capable  of  being  referred 
to  any  particular  part,  though  frequently  more  intolerable  than 
any  pain.  But  wo  must  take  care  to  distinguish  between 
anxiety  in  a medical  sense,  and  that  which  is  spoken  of  in 
common  discourse.  The  latter  does  not  at  all  depend  on  tbe 
stale  of  the  hotly,  but  belongs  entirely  to  the  mind;  and  arise* 
from  n sense  of  danger,  or  a foresight  to  any  misfortune.  The 
former  is  truly  corporeal ; and  derives,  no  less  than  pain,  its 
origin  from  a certain  slate  of  the  body.  Notwithstanding  this 
difference,  however,  it  is  very  possible  for  both  these  kinds  of 
uoxiety  to  be  present  at  the  same  time,  or  for  the  one  to  be  the 
cause  of  the  other.  A very  great  bodily  anxiety  will  strike 
fear  and  despondency  into  the  most  resolute  mind  ; and  mental 
anxiety,  on  the  contrary,  if  very  violent  and  long-continued, 
may  induce  the  former,  by  destroying  the  powers  of  the  body, 
especially  those  which  promote  the  circulation  of  the  blood. 
Anxiety,  in  the  medical  sense  of  the  word,  arises  in  the  first 
place  from  every  cause  disturbing  or  impeding  tho  motion  of 
the  blood  through  the  heart  and  large  vessels  near  it;  from 
diseases  of  the  heart  and  its  vessels,  such  as  its  enlargement, 
too  great  constriction,  ossification,  polypus,  palpitation,  syn- 
cope, inflammation,  debility,  and  also  some  affections  of  ihe 
mind.  It  is  likewise  produced  by  every  difficulty  of  breathing, 
from  whatever  cause  it  may  arise;  because  then  the  blood 
passes  less  freely  through  the  lungs : anxiety  of  this  kind  is 
felt  deep  in  the  breast.  It  is  said  also  to  ariso  from  the  diffi- 
cult passage  of  the  blood  through  the  liver  or  other  abdominal 
viscera.  A certain  kiud  of  anxiety  is  very  common  and  trouble- 
some to  hypochondriacal  people  ; and  arises  from  the  stomach 
and  intestines  being  either  loaded  with  indigested  and  cor- 
rupted food,  or  distended  with  air  produced  by  fermentation, 
and  extricated  from  the  aliments.  By  such  a load  or  disten- 
tion, the  stomach,  which  is  a very  delicate  organ,  becomes 
greatly  affected.  Besides,  the  free  descent  of  the  diaphragm 
is  thus  hindered,  and  respiration  obstructed.  Anxiety  of  this 
kind  is  usually  very  much  and  suddenly  relieved  by  the  expul- 
sion of  the  air ; by  which,  as  well  ns  by  other  signs  of  a bad 
digestion,  it  is  easily  known.  In  these,  cases  the  anxiety  is 
usually,  though  with  little  accuracy,  referred  to  tbe  stomach. 
Anxiety  also  frequently  accompanies  fevers  of  every  kind, 
sometimes  in  a greater  and  sometimes  in  a lesser  degree  ; 
arising  as  well  from  the  general  debility  as  from  the  blood 
being  driven  from  the  surface  of  the  body,  and  accumulated  in 
the  large  vessels:  as  in  the  beginning  of  an  intermittent  fever. 
Or  it  may  arise  from  nn  affection  of  tbe  stomach,  w hen  over- 
loaded with  crude,  corrupted  aliment,  or  distended  and  nau- 
seated with  too  much  medicated  drink.  As  the  fever  increases 
tho  anxiety  of  the  patient  becomes  greater  and  gieater; 
remarkably  so,  according  to  the  testimony  of  physicians,  either 
immediately  before  the  crisis,  or  on  the  night  preceding  it ; as 
before  the  breaking  out  of  exanthemata,  hicmorrahagy,  sweat, 
or  diarrhoea,  which  .sometimes  remove  fevers.  The  patient 
feels  likewise  an  anxiety,  from  tbe  striking  in  of  any  eruption 
or  critical  metastasis.  This  sensation  also  accompanies  fevers 
and  most  other  diseases,  when  the  vital  power  is  exhausted, 
and  death  approaches,  of  which  it  is  the  forerunner  and  the 
sign.  It  happens  at  that  lime,  because  the  vital  powers, 
unable  to  perform  their  functions,  cannot  make  the  blood  cir- 


culate. But  what  kind  of  anxiety  this  is,  the  other  signs  of 
approaching  death  shew  very  evidently.  Moreover,  even  in 
the  time  of  sleep,  anxiety  may  arise  from  the  same  causes : 
hence  frightful  dreams,  which  frequently  disturb  our  repose 
with  surprise  and  terror. 

A PALMER,  in  Heraldry,  a band  extended,  tho  palm  open, 
the  fingers  and  thumb  extended. 

APEPOIA,  Indigestion,  which  may  be  produced  by  abste- 
miousness and  exces*.  Columbo  root  infused  in  a teapot  with 
boiling  water,  and  drank  when  cold  in  the  forenoon,  a wine- 
glass full  at  a time,  is  a very  excellent  dose  when  the  stomach 
is  languid.  It  is  prescribed  in  substance  with  any  grateful 
aromatic,  or  infused  in  Madeira  wine,  now  and  then  inter- 
posing gentle  doses  of  tincture  of  rhubarb. 

APERIENTS,  facilitate  the  circulation,  and  remove  obstruc- 
tions ; smallagr,  fennel,  asparagus,  butcher’s  broom,  and  pus- 
ley,  are  the  common  aperients  of  the  shops. 

APHANE,  parsley  root. 

APHANIA,  a total  loss  of  voice,  mostly  the  elTect  of  other 
disorders,  and  must  bo  removed  by  eradicating  the  disease 
which  had  caused  it. 

API1ELIUM,  that  point  of  a planet's  orbit,  in  which  it  is 
farthest  distant  from  the  sun. 

APHIS,  the  viuefretter,  or  plant  louse,  of  which  there  are 
thirty-three  species,  ail  of  them  destructive  to  plants. 

APHTH/K,  small  round  ulcers  in  the  mouth. 

APHYLLANTHES,  leafless  flower.  Blue  Montpellier  pink. 

APIARY,  a place  where  bees  are  kept.  See  Bee. 

A PIUM,  parsley,  which  should  be  used  sparingly,  for  it  is 
liable  to  produce  epilepsy  in  some  constitutions. 

APOGEE,  that  part  of  the  earth's  orbit  which  is  farthest 
from  the  sun.  The  sun’s  apogee  and  the  earth’s  aphelion  ure 
one  and  tbe  same  point. 

APOGOGICAL  Demonstration  ; See  Absurd  ; an  indirect 
way  of  proof,  by  observing  the  absurdity  of  the  contrary. 

APOPHY'GE,  a concave  ring  of  a column,  above  or  below  a 
flat  member. 

APOPLEXY,  a disease  by  which  the  patient  is  suddenly 
deprived  of  all  his  senses,  and  of  voluntary  motion 

APOSCYNUM,  dog’s-bane. 

A POSTERIORI  Demonstration,  proves  or  disproves  tbe 
fact  from  the  enumeration  of  paiticulars,  as  when  we  infer  the 
rotundity  of  tbe  earth  from  the  circular  shadow  it  casts  on  the 
moon. 

APOSTLES'  Creed,  a formula  of  the  Christian  faith,  occurs 
first  in  the  w ritings  of  St  Ambrose  ; and  was  introduced  into 
the  church  about  Ihe  end  of  the  6th  century,  when  Petrus 
Gnapbeus  prescribed  tbe  recital  of  it  every  time  divine  service 
was  performed. 

APOSTROPHE,  in  Rhetoric,  a figure  by  which  a person, 
who  is  cither  absent  or  dead,  is  addressed  as  if  be  were  pre- 
sent. and  listening  to  us. 

APOTHECARY,  one  who  practises  tbe  art  of  pharmacy  ; in 
Loudon,  the  apothecaries  are  one  of  the  city  companies ; and 
they  are  obliged  to  make  up  their  medicine*  according  to  rules 
laid  down  in  the  college  dispensatory.  Their  hail,  in  Blackfriars, 
is  the  first  laboratory  in  the  universe. 

APOTHEOSIS,  the  absurd  ceremony  of  making  a mortal  a 
god.  A gem  in  the  museum  of  Brandenburgb,  represents  the 
apotheosis  of  Julius  Ciesar,  mounted  upon  a celestial  globe, 
and  holding  a helm  in  his  hand,  as  if  he  were  now  tbe  governor 
of  heaven,  as  before  of  the  earth. 

APOTOME,  in  Geometry,  the  difference  between  two  im- 
measurable lines.  In  Music,  the  difference  between  a greater 
and  leaser  semitone  ; expressed  by  the  ratio  128  : 126. 

APPARATUS,  the  appendages  or  utensils  belonging  to 
machines  ; as  the  apparatus  of  an  air-pump,  electrical  machine, 
&c. ; mcaniug  the  various  detached  parts  which  are  necessary 
for  putting  the  machinery  in  action,  and  for  performing  experi- 
ments, 4cc. 

APPARENT,  in  Mathematics  and  Astronomy,  is  used  to 
signify  things  as  they  appear  to  us,  in  contradistinction  from 
real  or  true;  and  in  this  respect  the  apparent  state  of  things 
is  often  very  different  from  their  real  state  : as  is  this  case  of 
distance,  magnitude,  &o. 

Apparent  Conjunctions  of  the  Planets,  is  when  a right  lino 
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supposed  to  be  drawn  through  their  centres,  passes  through 
the  eye  of  the  spectator,  and  not  through  the  centre  of  the 
earth. — And,  in  general,  the  apparent  conjunction  of  Any 
objects,  is  when  they  appear  or  are  placed  in  the  same  right 
line  with  the  eve. 

APPARENT  Diameter  of  tin  Object,  is  the  angle  that  it  sub- 
tends at  the  eye,  which  diminishes  as  the  distance  increases; 
so  that  a small  object  at  a small  distance  may  have  the  same 
apparent  diameter  as  a much  larger  object  at  a greater  distance, 
provided  they  subtend  the  same  or  equal  angles  at  the  eye.  If 
the  «»bjccts  are  parallel  to  each  other,  their  real  diameters  arc, 
in  this  case,  proportional  to  their  distances.  The  apparent 
diameter  also  varies  with  the  position  of  the  object ; and  of 
equal  objects  at  equal  distances,  those  which  stand  in  a posi- 
tion most  nearly  perpendicular  to  the  line  of  their  direction 
from  the  observer,  will  appear  to  have  the  greatest  diameter; 
our  idea  of  the  apparent  magnitude  generally  varying  nearly 
as  the  optic  angle.  But  although  the  optic  angle  be  the  usual 
or  sensible  measure  of  the  apparent  magnitude  of  an  object, 
yet  habit,  and  the  frequent  experience  of  looking  at  distant 
objects,  by  which  we  know  that  they  are  larger  than  they 
appear,  has  so  far  prevailed  upon  the  imagination  and  judg- 
ment, as  to  cause  (bis  likewise  to  have  some  share  in  our  esti- 
mation of  apparent  magnitudes;  so  that  these  will  be  judged 
to  bn  more  than  in  the  ratio  of  the  optic  angles. 

Apparent  Altitude  of  Celestial  Objects,  is  effected  chiefly 
by  refraction  and  pnraliax  ; and  that  of  terrestrial  objects,  by 
refraction. 

Apparent  Figure,  the  figure  or  shape  which  an  ohjeet 
appears  under  when  viewed  at  a distance;  and  is  often  dif- 
ferent from  the  true  figure.  Thus  a straight  line,  viewed  at  a 
distance,  may  appear  but  as  a point ; a surface,  as  a line  ; and 
a solid,  as  a surface.  Also  these  may  nppearof  different  mag- 
nitudes, and  the  surface  and  solid  of  different  figures,  accord- 
ing to  their  situation  with  respect  to  the  eye : thus  the  arch  of 
of  a circle  may  appear  a straight  line  ; a square,  a trapezium, 
or  even  a triangle  ; a circle,  an  ellipsis  ; angular  magnitudes, 
round;  and  a sphere,  a circle.  Also  all  objects  have  a ten- 
dency to  roundness  and  smoothness,  or  appear  less  angular, 
ns  their  distance  is  greater:  for,  as  the  distance  is  increased, 
the  smaller  angles  and  asperities  first  disappear,  by  sub- 
tending a less  angle  than  one  minute;  after  these,  Ihe  uext 
larger  disappear,  for  the  same  reason  ; and  so  on  continually, 
as  the  distance  i<  more  and  more  increased  ; the  object  seem- 
ing still  more  and  more  round  and  smooth.  So,  a triangle,  or 
square,  at  n great  distance,  appears  only  as  a round  speck  ; 
and  the  edge  of  the  moon  appears  round  to  the  eve,  notwith- 
standing the  hills  and  valleys  on  her  surface.  And  hence  it  is 
also,  thnt  near  objects,  as  a range  of  lamps,  and  such  like, 
seen  at  a great  distance,  appear  to  be  contiguous,  and  to  form 
one  uniform  continued  magnitude,  by  the  intervals  between 
them  disappearing,  from  the  smallness  of  the  angles  which 
they  subtend. 

Apparent  Motion,  is  either  that  motion  which  we  perceive 
in  a distant  body  that  moves,  the  cyo  at  the  same  time  being 
either  in  motion  or  at  rest ; or  that  motion  which  an  object  at 
rest  seems  to  have,  while  the  eye  itself  only  is  in  moiion.  The 
motions  of  bodies  at  a great  distance,  though  really  moving 
equally,  or  passing  over  equal  spaces  in  equal  times,  may 
appear  to  be  very  unequal  and  irregular  to  the  eye.  which  can 
only  judge  of  them  by  the  mutation  of  the  angle  at  the  eye. 
And  motions,  to  be  equally  visible,  or  appear  equal,  must  be 
directly  proportional  tn  the  distances  of  the  objects  moving. 
Again,  very  swill  motions,  as  those  of  (be  luminaries,  may  not 
appear  tn  be  any  motions  at  all,  but  like  that  of  the  hour-hand 
of  a clock,  on  account  of  the  great  distance  of  the  objects : 
and  this  will  always  happen,  when  the  space  actually  passed 
over  in  one  second  of  time,  is  less  than  about  the  14000th  part 
of  its  distance  from  the  eye;  for  tlir  hour-hand  of  a clock,  and 
the  stars  about  the  earth,  move  at  the  rate  of  fifteen  seconds 
of  a degree  in  one  second  of  lime,  which  is  only  the  13751  part 
of  the  radius  or  distance  from  the  eye.  On  the  other  hand,  it 
is  possible  for  the  motion  of  a body  to  be  so  swift,  as  not  to 
appear  any  motion  at  all ; as  when,  through  the  whole  space  it 
describes,  there  constantly  appears  a continued  surface  or  solid 
as  it  were  generated  by  the  motion  of  the  ohjeet,  as  is  the 


case  when  any  thing  is  whirled  very  swiftly  round,  describing 
a ring.  Ac.  Also,  the  more  oblique  the  eye  is  to  the  line  which 
a distant  body  moves  in,  the  more  will  the  apparent  motion 
differ  from  the  true  one.  So,  if  a body  revolve  with  au  equable 
motion  in  the  circumference  of  the  circle  A B C D.  Ac.  and  the 
eye  be  at  E in  the  plant 
of  the  circle  ; as  the  body 
moves  front  A to  B and  C, 
it  serins  to  move  slower 
and  slower  along  the  lino 
A L K,  till,  when  the  body 
arrives  at  C,  it  appears  at  *" 
rest  at  K;  then,  while  it 
really  moves  from  C by  I) 
to  F,  it  appears  to  move 
quicker  and  quicker  from 
K by  L to  A,  where  its  motion  is  quickest  of  all : after  this  it 
appears  to  move  slower  and  slower  from  A to  N.  while  the 
body  moves  front  F to  H : there  In  coming  stationary  again,  it 
appears  to  return  from  N to  A in  the  straight  line,  while  it 
really  moves  from  11  by  1 to  A in  the  circle.  And  thus  it 
appear h to  move  in  the  line  K N by  a motion  continually  vary- 
ing between  the  least,  or  nothing,  at  the  extreme*  K and  N, 
and  the  greatest  of  all,  at  the  middle  point  A.  Or,  if  the  motion 
be  referred  to  the  concave  side  of  the  circle,  instead  of  the  line 
K N,  the  appearances  will  be  the  same.  All  this  is  manifestly 
referable  to  the  motions,  stations,  retrogmdations,  Ac.  of  tho 
planets.  If  an  eye  move  directly  forwards  in  one  direction, 
any  remote  object  at  rest  w ill  appear  to  move  in  a parallel  line 
the  contrary  way.  But  if  the  object  move  the  same  way,  and 
with  equal  velocity,  it  will  scent  to  be  at  rest.  If  it  move  the 
same  way,  with  less  velocity,  it  will  appear  to  move  back- 
wards, with  the  difference  of  tfte  velocities:  if  it  move  with 
greater  velocity,  it  will  appear  to  move  forwards  with  the 
difference  of  the  velocities.  And  when  the  object  has  a real 
motion  contrary  to  that  of  the  eye,  it  appears  to  move  back- 
wards with  the  sum  of  the  velocities.  The  truth  of  all  this  is 
experienced  by  persons  in  a boat  moving  on  water,  or  in  a 
moving  carriage,  making  observations  on  distant  objects  in 
motion,  or  at  rest. 

Apt  a rent  Place  of  an  Object,  in  Optics,  is  thnt  in  which  it 
appears,  when  seen  in  or  through  glass,  water,  or  other  reflect- 
ing or  refracting  media.  In  most  cases,  it  differs  much  from 
the  true  place. 

Apparent  Station,  in  Astronomy,  the  position  or  appearance 
of  a planet,  or  comet,  in  the  same  point  of  thezodinc  fur  several 
days. 

Apparent  Heir,  in  Law,  itc  whose  right  is  indefeasible, 
provided  he  outlives  the  ancestor;  as  the  eldest  son,  or  his 
issue.  Heirs  Presumptive,  arc  those  whose  right  of  inherit- 
ance may  be  defeated  by  the  contingency  of  some  nearer  heir 
being  born.  Thus,  a second  son  or  nephew  may  be  heir  pre- 
sumptive, hut  his  right  of  inheritance  may  he  defeated  by  the 
birth  of  a child  to  his  elder  brother  or  uncle  ; or  n daughter  may 
be  heir  presumptive,  as  her  hopes  may  hereafter  be  cut  off  by 
the  birth  of  a son,  who,  by  the  English  law,  succeeds  to  bot  h 
title  and  inheritance. 

APPARITION,  in  Astronomy,  denotes  a star  or  other 
luminary's  becoming  visible,  which  before  was  bid : in  which 
sense  it  stands  opposed  to  Occultatton.  Thus  the  heliacal 
rising  is  rather  an  apparition  than  a proper  rising. 

APPEAL,  in  Law,  the  removal  of  n cause  from  an  inferior 
to  a snpeiior  judge ; os  from  the  ordinary  courts  to  the  House 
of  Lords. 

APPEARANCE,  in  Perspective,  is  the  representation  or 
projection  of  a figure,  or  body,  upon  the  perspective  plane. 
Direct  Appearance,  in  Optics,  is  the  view  or  sight  of  an 
object  by  direct  rays,  without  cither  refraction  or  reflection. 
In  Astronomy,  appearances  arc  more  commonly  termed  phe- 
nomena and  phases. 

APPLE.  There  are  many  kinds  of  apples;  the  golden  pip- 
pin, which,  though  small,  keeps  well,  and  the  tree  grows  well 
in  good  light  soil;  the  Olsin  pippin,  or  Arbroath,  as  to  flavour,  is 
outdone  by  none  but  the  nonpareil ; the  Ribston  pippin  will 
keep  till  apples  come  again,  and  the  tree  grows  in  any  situa- 
tion ; the  golden  and  royal  russets  are  handsome  apples,  but 
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the  nonpareil  is  (he  chief  of  the  russets ; the  codlings  grow 
freely,  but  none  of  them  keep;  the  golden  russet  is  a summer 
apple  ; the  royal  peormain  is  large  and  beautiful. 

Applp.  Sauce  fvt  a Goose.  Pare,  core,  and  slice  your 
apples,  put  them  in  a saucepan  with  ns  much  water  us  will 
keep  them  from  burning;  set  them  over  a very  slow  fire.  Keep 
them  close  cohered  till  they  are  all  of  a pulp,  then  put  in  a 
lump  of  butter  and  sugar  to  your  taste.  Beat  them  well,  and  j 
send  them  to  table  in  a china-bason  or  sauce-boat,  with  a 
proper  ladle. 

APPLICATE:  Ordinate  Applicate,  in  Geometry,  is  a right  ' 
line  drawn  across  a curve,  so  as  to  he  bisected  by  the  diameter 
of  it ; being  what  we  commonly  rail  double  ordinate. 

APPLICATION  of  Geometry  to  Algebra,  is  the  converse 
of  the  first  of  the  two  succeeding  rases ; for  as  in  that,  algebra  is 
employed  in  order  to  obtain  the  solution  of  a geometrical  pro-  I 
blcm,  so  in  this  ease  geometry  is  made  use  of  to  obtain  the 
solution  of  an  algebraical  problem.  This  relates  principally 
to  the  finding  the  roots  of  an  equation  by  n geometrical  con- 
struction, which  is  explained  under  the  article  Construction. 

Application  of  Algebra  and  Geomrtrg  to  Mechanics,  consists 
principally  in  representing,  by  equations,  the  curves  described 
by  bodies  in  motion  ; as  in  the  theory  of  Projectiles,  See. 

Application  of  Geometry  and  Astronomy  to  Geography,  prin- 
cipally consists  in  determining  by  geometrical  and  astrono- 
mical operations,  the  figure  of  the  terrestrial  globe  ; in  finding  1 
the  positions  of  places  by  their  observed  latitude  and  longi-  - 
tude ; and  in  determining,  by  geometrical  operations,  the 
positions  of  places  that  arc  not  very  remote  from  one  another. 
Astronomy  and  geography  are  again  applicable  to  the  theory 
of  navigation. 

APPRENTICE,  one  who  is  bound  by  covenant  to  serve  a 
master,  upon  condition  that  he  instructs  or  causes  him  to  bo 
instructed  io  his  profession,  art,  or  trade.  Seven  years  is  deem- 
ed the  legal  period ; but  from  this  there  are  many  deviations. 
Several  acts  of  parliament  specify  the  obligations  of  masters  and 
apprentices.  The  duties  paid  on  indentures  and  premiums  may  ; 
be  gathered  from  the  enactments  by  which  they  arc  regulated,  j 

APPROACH,  in  Fortification,  the  works  thrown  up  by  the  j 
besiegers  in  order  to  get  near  a fortress  without  being  exposed  ' 
to  the  enemy's  cannon.  In  Gardening,  it  signifies  the  inoculat- 
ing or  ingrafting  the  sprig  of  one  tree  with  another,  without 
cutting  it  off  the  parent  tree. 

APPROXIMATION,  in  Algebra  and  Arithmetic,  is  the 
method  of  approaching  nearer  and  nearer  to  the  qnantity 
sought,  when  there  is  no  method  of  obtaining  the  exact  value  : 
this  is  the  case  in  all  rules  for  finding  the  square  or  cube  root 
of  any  number  that  is  not  an  exact  square  or  cube. 

APRICOT:  of  this  fruit  we  have  several  kinds;  ns,  the 
more-park,  or  peach  apricot,  is  a large  handsome  fruit,  by 
many  persons  thought  the  richest  of  our  stone  fruits  ; the 
orange  apricot  grows  freely,  and  is  excellent  for  preserving ; : 
the  Breda'  is  juicy  ; the  Brussels,  juicy  and  high  flavoured  ; the 
masculine,  though  small  and  sharp  flavoured,  is  the  earliest 
apricot  we  cultivate. 

APRIL,  the  fourth  month  of  the  year,  according  to  the  com- 
mon. but  the  second  according  to  the  astronomical  computa- 
tion. It  contains  30  days.  In  this  month  the  sun  travels 
through  the  sign  Taurus;  or  more  properly,  the  earth  is  nowin 
Scorpio,  and  the  sun,  as  seen  from  the  earth,  appears  in  Taurus. 

The  April  Calendar,  in  animated  nature,  exhibits  the  viper 
and  woodlouse;  the  mistletoe  thrush  pairs;  frogs  croak  and 
spawn;  and  moths  appear  in  the  first  week.  In  the  second, 
the  stone  curlew  clamours,  young  frogs  appear,  pheasant  recks 
crow,  trouts  rise,  and  spiders  creep  plentifully.  In  the  third 
week,  the  crested  wren  sings;  blackbirds,  ravens,  pigeons, 
hens,  and  ducks,  sit.  In  the  fourth,  the  fieldfare  leaves  us,  and 
the  swallow  returns  ; the  nightingale  sings,  the  bittern  makes  a 
noise;  the  house-martin  skims  tho  air,  the  blackcap  whistles, 
and  (he  common  snnkc  creeps  abroad.  — In  vegetable  nature, 
various  shrubs  and  trees  blossom,  with  the  daffodil,  hyacinth, 
wallflower,  cowslip,  periwinkle,  ground  ivy,  beech  and  elm 
trees  ; and  the  larch  shools  its  wiry  leaves.  Nursery  men  now 
sow  for  fruit-trees,  forests  and  woods,  and  all  sorts  of  profitable 
plantations  in  masses;  those  evergreens,  the  pine,  fir,  cedar  of 
Lebanon,  holly,  and  jew,  are  planted  ; and  all  the  operations  of  j 


routine  culture,  as  hoeing,  mod-making,  draining,  cropping  and 
fencing,  are  performed.  The  gardener  grafts  his  fruit-tiers  ; 
plants  cuttings  of  gooseberry  and  currant  shrubs  ; and  trans- 
plants  evergreens.  The  llowcr  garden  is  cropped,  slips  and 
offsets  are  propagated,  insects  are  destroy  ed,  and  the  routine 
culture  proceeds  by  weeding,  hoeing,  kc.  Pleasure  grounds 
and  shrubberies  ate  now  finished  planting;  lawns  are  formed 
and  repaired  ; the  fires  of  the  green-house  are  discontinued. 
In  the  kitchen  garden,  artichokes  are  dressed  and  planted  ; 
asparagus  beds  arc  digged  and  forked,  or  sown;  brans  are 
planted  and  coutbcd  up  ; beet,  broeoli,  Brussels  sprouts,  cap- 
sicums, carrots,  leeks,  celery,  onions,  peas,  savoys,  skirret, 
turnips,  and  salads,  arc  sown;  cabbages,  cauliflower,  German 
greens,  potatoes,  and  searalc  arc  planted.  The  cherry-house 
is  forced  ; the  grapery  is  strictly  attended  to,  established 
plants  arc  forced  in  it;  the  forcing  peach  bouse,  and  the  pinery 
and  hot  beds  require  all  the  gardener's  care. 

Correct  List  of  ecery  thing  in  Sr  a son  in  April. — Meat.  Becft 
mutton,  veal,  lamb.— Fish.  Carp,  chub,  tench,  trout,  crawfish, 
salmon,  turbot,  soles,  skate,  mullets,  smelts,  herrings,  era  hr, 
lobsters,  prawns. — Poultry, &c. Pullets, fowls, chickens,  duck- 
lings, pigeons,  rabbits,  leverets. — Roots,  &c.  Coleworts, 
sprouts,  broeoli,  spinage,  fennel,  parsley,  chervil,  young 
onions,  celery,  endive,  sorrel,  burnct,  tarragon,  radishes,  let- 
tuces, all  sorts  of  small  salad,  thyme,  and  all  sorts  of  pot- 
herbs.— Fruit.  Oranges,  lemons,  forced  cherries,  apricots  for 
tarts,  grapes. 

A PRIORI,  (demonstration  A jn-iori.)  proves  or  disproves  tho 
fact  from  the  law,  or  the  effect  from  the  cause ; as  when  wo 
deduce  the  immortality  of  the  soul  from  the  fact,  that  the  soul 
is  a thinking  principle,  and  that  therefore  it  is  immaterial  and 
Indestructible. 

APRON,  in  naval  Architecture,  a piece  of  curved  timber 
fixed  behind  the  lower  part  of  the  stein,  and  immediately 
above  the  foremost  end  of  the  keel.  In  Gunnery,  the  piece  of 
lead  that  covers  the  touch-hole  of  a gun, 

APTERA,  the  seventh  order  of  insects,  and  such  as  hare  no 
wings. 

API'S  INPICA,  tho  Bird  of  Paradise,  a small  astcrism 
placed  near  the  South  Pole,  contains  eleven  stars,  none  of 
which  exceed  the  -1th  magnitude. 

AQUARIUS,  the  1 1th  sign  of  the  zodiac,  through  which  the 
sun  moves  in  the  month  of  January.  Aquarius  is  the  Egyp- 
tian Canopus  or  Neptune,  with  his  pitcher.  Towards  the  end 
of  July  Aquarius  sets  wilh  his  head  foremost,  when  the  Egyp- 
tians fable,  that  he  made  the  river  Nile  overflow  by  plunging 
his  pitcher  into  it ! This  constellation  Is  bounded  on  the  north 
by  Equulens  and  Pegasus,  east  by  Pisces  and  Cetus,  south  by 
Piscis  Australis  and  Apparatus  Sculploris,  and  west  by  Capri- 
cornus  and  Antinous.  There  are  108  stars  in  this  sign,  four  of 
which  are  of  the  3d  magnitude,  six  of  the  4th,  Ac.  The  chief 
star  a,  of  the  3d  magnitude,  having  1°  IP  22"  south  declination, 
and  329°  7'  43"  right  ascension,  rises  at  London,  on  the  east 
point  of  the  horizon,  and  its  rising  and  culminating  on  the  first 
day  of  each  month,  are  expressed  in  the  following  Table  : 
Meridian  Altitude  37°  17'  38". 


Month. 

! Risks. 

ho.  mi. 

1 Cum.  i 

ho.  mi. 

i Month.  | Rises,  j 
| ho.  mi. 

Culm. 
bo.  mi. 

Jan.  j 

9 17  M. 

3 20  A. 

July. 

9 32  A.  i 

3 12  M. 

Fb.  1 

7 0 M. 

1 0 A.  i 

Aug. 

] 7 SO  A.  j 

1 8 M. 

Mar. 

i 5 17  M. 

: li  n m.  1 

Sep(. 

: 5 SO  A. 

11  13  A. 

April. 

3 27  M. 

1 9 10  M. 

Oct, 

j s as  'a.  ; 

9 28  A. 

May.  ; 

1 SO  M. 

i 7 16  M. 

Not. 

j 1 45  A.  i 

7 33  A. 

Jane.  | 

11  27  A. 

j 5 10  M.  |, 

Deo. 

| It  34  M.  : 

5 28  A. 

AQUA-TINT  A Encravino.  By  aqna-tinta  engraving  wc  can 
produce  prints  resembling  drawings  in  Indian-mk.  The  prin- 
ciple of  the  process  consists  in  corroding  the  copper  with  aqua 
fortis,  so  that  an  impression  from  it  has  the  appearance  of  a 
tint  of  ink  laid  on  the  paper.  This  is  done  hy  covering  tho 
copper  with  n powder  or  some  substance  which  takes  a granu- 
lated form,  so  as  to  prevent  the  aqua  fortis  from  acting  whero 
the  particles  adhere,  and  by  this  means  causes  it  to  corrode 
the  copper  partially,  and  in  the  interstices  only.  When  these 
particles  have  been  extremely  minute,  the  impression  from  the 
plate  appears  like  a wash  of  Indian-ink  ; but  when  they  are 
large,  the  granulation  is  more  distinct,  and  as  this  may  be 
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varied  at  pleasure,  it  may  be  adapted  as  successfully  to  a 
variety  of  purposes  and  subjects.  This  powder,  or  granula* 
tion.  is  called  aqua-tinta  grain  ; thrre  arc  two  methods  of  pro- 
ducing it.  Having  etched  the  oullino  on  a copper-plate,  pre- 
pared in  the  usual  way  by  the  coppersmith,  procure  some  sub- 
stance finely  powdered  and  sifted,  which  will  melt  with  heat, 
and  w hen  cold  wilt  adhere  to  the  plate,  and  resist  (he  action  of 
aqua  fords.  The  substances  used  for  this  purpose,  cither 
separately  or  mixed,  arc  asplmltum,  Burgundy-pitch,  resin, 
gum-opal,  gum-mnstich  ; and  all  the  resins  and  gum-resins 
answer  the  same  purpose.  Common  resin  has  been  generally 
used,  and  answers  tolerably  ; though  gum-opal  makes  a better 
groin  to  resist  the  aqua  fort  is.  The  substance  intended  to  be 
used  for  the  grain  is  distributed  equally  over  the  plate ; dif- 
ferent methods  of  performing  this  part  of  the  operation  have 
been  used  bv  different  engravers.  The  usual  way  is  to  tic  up 
the  powder  in  a muslin  bag,  wbich  is  struck  against  a piece  of 
stick,  held  at  some  height  above  the  plate;  the  powder  that 
issues  out  falls  gently,  and  settles  equally  over  the  plate  ; as 
hair  powder  upon  the  furniture,  after  the  operation*  of  the  bar- 
ber. The  plate  being  covered  equally  over  with  the  dust  or 
owder,  the  operator  proceeds  next  to  fix  it  upon  the  plate,  by  J 
eating  it  gently,  so  as  to  melt  the  particles.  This  may  he  : 
done  by  bolding  under  the  plate  lighted  piccrs  of  rolled-up 
brown  paper,  moving  them  about  till  every  part  of  the  powder 
is  melted  ; this  will  be  known  by  its  brownish  change  of  colour. 
It  is  now  to  be  suffered  to  cool,  or  be  ready  for  the  next  part 
of  the  process.  Such  parts  of  the  draw  ing  to  be  engraved  ns 
are  perfectly  white,  have  their  corresponding  parts  of  the  plate 
covered  with  turpentine  varnish,  diluted  with  turpentine  to  a 
proper  consistence,  to  work  freely  with  the  pencil,  and  mixed 
with  lamp-black  to  give  it  colour  ; if  transparent,  the  touches 
of  the  pencil  would  not  be  distinctly  seen.  The  margin  of  the 
plate,  is  also  covered  with  varnish.  When  the  varnish  is  dry, 
a border  of  wax  is  raised  round  the  plate,  a*  in  etching,  and 
you  pour  out  the  aqua  forlis  properly  diluted  with  water.  This 
is  called  bitiog-in.  It  is  the  part  of  the  process  most  uncer- 
tain, and  requiring  the  greatest  degree  of  experience.  When 
the  nqua  fortis  has  lain  on  so  long  that  the  plate,  when  printed, 
would  produce  the  lightest  tiut  in  the  draw  ing,  it  is  poured  OB', 
and  the  plate  washed  with  water,  and  dried.  When  dry,  the 
lightest  tints  in  the  drawing  arc  varnished  again,  and  the  aqua 
fortis  poured  ou  as  before,  ami  the  same  process  is  repeated 
as  often  as  there  are  tints  to  he  produced  in  tike  plate. 
Although  many  plates  are  etched  entirely  by  this  method  of 
stopping-out  and  biting-in  alternately, yet  in  general  it  is  very 
difficult  to  slop  round,  anil  leave  out  all  the  finishing  touches, 
as  also  the  leaves  of  trees  and  other  objects,  which  in  this 
manner  it  is  impossible  to  execute  with  freedom.  To  over- 
come this  difficulty,  another  process  has  been  invented,  by 
which  these  touches  are  laid  on  the  plate  with  ns  much  ease 
and  expedition  as  in  an  Indiau-ink  drawing.  Fine  washed 
whiting  mixed  with  a little  treacle  or  sugar,  and  diluted  with 
water  in  the  pencil,  so  as  to  work  freely,  is  laid  on  the  plate 
covered  with  the  aqua-lint  ground,  in  the  same  manner  and  on 
the  same  parts  as  ink  on  the  drawing.  When  dry,  the  plate  is 
varnishrd  with  a weak  thin  varnish  of  turpcnliuc,  asphaltum, 
or  maslich  : when  dry,  aqua  fortis  is  poured  on.  The  varnish 
immediately  breaks  up  in  the  parts  where  the  treacle  mixture 
was  laid,  and  exposes  those  places  to  the  action  of  the  arid, 
w hile  the  rest  of  the  plate  remains  secure.  The  effect  of  this 
is,  that  all  the  places  where  the  treacle  was  used,  arc  bit-in 
deeper  than  the  rest,  and  have  all  the  precision  and  firmness  of 
touches  in  Tndlau-iuk.  After  the  plate  is  completely  bitlen-in, 
the  bordering  wax  is  taken  off,  by  healing  the  plate  a little 
with  a lighted  piece  of  paper;  it  is  then  cleared  from  the 
ground  and  varnish  by  oil  of  turpentine,  and  wiped  rlean  with 
a rag  and  a little  fine  whiting,  when  it  is  ready  for  the  printer. 
The  disadvantages  of  this  method  of  aqua-tinting  arc,  a difficulty 
to  produce  the  required  degree  of  coarseness  or  fineness  in  the 
grain,  and  plates  so  engraved  print  uol  many  impressions 
before  thev  arc  worn  out,  and  though  occasionally  of  service, 
it  is  therefore  seldom  used.  The  second  method  of  producing 
the  aqua-tint  ground,  generally  practised,  is  the  follow  ing.  Some 
resinous  substance,  as  common  resin.  Burgundy-pitch,  or 
maslich,  dissolved  in  spirits  of  wine,  is  poured  nil  over  the 


plate,  held  in  a slanting  diicelion  that  the  superfluous  fluid 
may  drain  off ; it  is  then  laid  down  to  dry  . The  spirit,  in  evapo- 
rating. leaves  the  resin  in  a granulated  state,  or  rather,  the 
latter  lias  cracked  in  every  direction,  still  adheriug  firmly  to 
the  copper.  A grain  is  thus  produced  with  great  case, 
extremely  regular  and  beautiful,  and,  in  comparison  of  the 
former  method,  much  superior  for  most  purposes.  After  the 
grain  is  formed,  every  part  of  the  process  is  couductcd  as 
described  above.  There  are  some  particulars  necessary  to  be 
know  n,  to  secure  success  in  the  operation.  The  spirits  of  wine 
used  fur  the  solution  must  be  of  the  best  quality,  highly  recti- 
fied. That  sold  in  shops  generally  contains  camphor,  which 
entirely  spoils  the  grain.  Korin.  Burgundy -pitch,  and  gum- 
masiich,  when  dissolved  in  spirits  of  wine,  produce  graius 
of  a different  appearance  and  figure,  and  aic  sometimes  used 
separately,  and  sometimes  mixed  in  diflerent  proportions, 
according  to  tho  taste  of  the  artist,  some  using  one  substance 
and  some  another.  To  produce  a coarser  or  finer  grain,  it  is 
necessary  to  use  a greater  or  smaller  quantity  of  resin  ; and  to 
ascertain  the  proportions,  the  liquor  may  be  poured  on  several 
spare  pieces  of  copper,  and  the  grain  examined,  before  it  is 
applied  to  the  plate  to  be  engraved.  When  the  solution  is 
made,  it  must  stand  still  and  undisturbed  for  a day  or  two,  till 
all  the  impurities  of  the  rosin  have  settled  to  the  bottom,  and 
the  fluid  is  quite  pellucid.  No  other  method  of  Treeing  it  from 
those  impurities  lias  been  found  to  answer:  straiuingit  through 
linen  or  muslin  fills  it  with  hairs,  which  ruin  the  grain.  The 
room  in  which  the  liquid  is  poured  on  the  plate  must  be  per- 
fectly still,  and  free  from  dust,  which  whenever  it  falls  on  tho 
plate  while  wet,  causes  a white  spot,  which  it  is  impossible  to 
remove  without  laying  the  grain  afresh.  The  plate  must  also 
be  previously  cleaned  carefully  with  a rag  and  whiting,  as  the 
Smallest  stain  or  particle  of  grease  produces  blemish  in  the 
grain.  All  these  attentions  arc  necessary,  to  produce  regular 
grain;  and,  after  every  thing  that  can  be  done  by  (he  mo.'-t 
experienced  artists,  there  is  still  much  uncertainty  in  the  pro- 
cess. Artists  are  some  times  obliged  to  lay  on  the  grains 
several  times  before  they  procure  oik*  sufficiently  regular.  The 
same  proportions  of  materials  do  not  always  produce  the  same 
effect,  which  depends  greatly  on  their  qualities;  and  it  is  even 
maternity  altered  by  the  weather.  These  difficulties  are  not 
surmounted  but  by  experience  ; and  those  who  daily  practise 
the  art,  are  liable  to  unforeseen  accidents.  It  is  to  be  lamented, 
that  so  elegant  and  useful  a process  should  he  so  extremely 
delicate  and  uncertain.  As  the  plate  is  held  in  a slanting 
direction,  to  drain  off  the  superfluous  fluid,  there  will  naturally 
be  a greater  body  of  tlic  liquid  at  the  bottom  than  the  top  of 
the  plate.  Ucncc,  a grain  laid  in  this  way  is  always  coarser 
at  the  lowermost  side  of  the  plate.  The  most  usual  way  is,  to 
keep  the  coarsest  side  for  the  foreground,  that  being  generally 
the  part  which  has  the  deepest  shadows.  In  targe  landscapes, 
various  parts  are  sometimes  laid  with  different  grains,  accord- 
ing to  the  nature  of  the  subject.  The  finer  the  grain  is,  the 
more  (he  impression  resembles  Indian-ink,  and  the  filter  it  is 
for  imitating  drawings:  but  fine  grains  arc  apt  to  come  off 
before  the  aqua  fortis  has  tain  on  long  enough  to  produce  tho 
desired  depth ; and  as  tho  plate  is  not  corroded  so  deep,  it 
sooner  wears  out  in  printing:  coarser  grains,  on  the  contrary, 
arc  firmer,  the  arid  goes  deeper,  and  the  plate  throws  off  a 
greater  number  of  impressions.  This  is  evident  when  we  con- 
sider, that,  in  (he  fine  grains,  the  particles  being  smalt  arc  near 
each  other,  and  consequently  the  aqua  fortis.  w hich  acts  late- 
rally as  well  as  downwards,  soon  undermines  the  particles,  and 
causes  them  to  come  ofl'.  If  left  too  long  on  the  plate,  the  acid 
would  eat  away  the  grain  entirely.  The  moderately  coarse 
grains  arc  on  these  accounts  mure  sought  after,  and  answer 
better  than  the  fine  grains  formerly  in  use.  Though  there  are 
difficulties  in  laying  properly  the  aqua-tint  grain, yet  corroding 
the  copper,  or  biling-in,  so  as  to  produce  exactly  tho  tint 
required,  is  even  more  precarious  and  uncertain.  No  rules 
can  be  laid  down,  by  which  success  in  this  process  can  be 
secured  ; a deal  of  experience  and  attentive  observation  alone 
enable  artists  to  do  it  with  certainty.  We  will  therefore  give 
some  hints  which  may  be  of  importance  to  those  who  wish  jo 
obtain  the  practice  of  this  art.  The  longer  the  acid  remains  in 
the  copper,  the  deeper  it  bites,  and  consequently  tho  darkci 
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the  shade  on  the  impression.  It  may  be  of  some  use,  therefore, 
to  have  several  bits  of  copper  laid  with  aqua-tint  grounds,  of 
the  same  kind  to  be  used  in  the  plate,  and  to  let  the  aqua  fortis 
remain  for  different  lengths  of  time  on  each  ; and  then  to 
examine  the  tints  produced  in  one.  two,  three,  four  minutes,  or 
longer.  Observations  of  this  kind,  frequently  repeated,  and 
with  acid  of  various  degrees  of  strength,  will  assist  the  judg- 
ment in  guessing  at  the  tint  to  be  produced  in  the  plate.  A 
magnifier  is  also  useful,  to  examine  the  grain,  and  observe  the 
depth  to  which  it  is  bit.  No  proof  of  the  plate  can  be  obtained 
till  the  whole  process  is  finished.  Therefore  if  any  part  appears 
bit  too  dark,  it  must  be  burnished  down  with  a steel  burnisher; 
hut  this  requires  delicacy  and  good  management,  not  to  make 
the  shade  streaky  ; and  as  the  beauty  and  durability  of  the  grain 
are  usually  injured  by  it,  it  should  be  avoided  as  much  as  pos- 
sible. Those  parts  not  dark  enough,  must  have  a fresh  grain 
laid  over  them,  and  bo  stopped  round  with  varnish,  and  sub- 
jected again  to  the  aqua  fortis.  This  re-biting  requires  care 
and  attention.  The  plate  must  be  well  cleaned  out  with  tur- 
pentine before  laving  on  the  grain,  which  should  he  pretty 
coarse,  else  it  will  uot  lay  upon  the  heights  only,  as  it  is  neces- 
sary to  produce  the  same  grain.  If  the  new  gTain  is  different 
from  the  former,  it  will  be  rotten,  not  clear  and  fine.— In  this 
general  account  of  the  process  of  engraving  in  nqun-tinta,  we 
believe  no  material  circumstance  has  been  omitted,  that  ran 
be  communicated,  without  seeing  the  different  stages  of  the 
operation:  but  after  all,  no  written  directions  whatever  can 
enable  a person  to  practise  any  art  perfectly,  much  less 
engraving  in  aqua-tiula.  Its  success  depends  upon  so  many 
niceties,  an  attention  to  circumstances  apparently  so  trifling, 
that  the  person  who  attempts  it,  must  not  be  surprised  if  hr 
docs  not  succeed  at  first.  It  is  a species  of  engraving  simple 
and  expeditious,  if  every  thing  goes  on  well ; but  precarious, 
and  liable  to  errors  which  are  rectified  with  great  difficulty. 
It  seems  adapted  for  imitation  sketches,  washed  drawings, 
ami  slight  subjects  ; but  not  at  nil  calculated  to  produce  prints 
from  finished  pictures.  Nor  does  it  appear  suitable  for  book- 
plates, since  it  prints  not  a sufficient  number  of  impressions. 
It  cannot,  therefore,  be  put  in  competition  with  the  other  inodes 
of  engraving:  hut,  confined  to  subjects  for  which  it  is  calcu- 
lated, it  is  extremely  useful,  as  it  is  expeditious,  and  may  be 
executed  w ith  much  less  trouble  than  any  other  mode,  of 
engraving.  But  even  this  circumstance  is  a source  of  mischief. 
It  occasions  the  production  of  a multitude  of  prints,  that  have 
no  other  rffeet  than  that  of  vitiating  the  public  taste. 

AQUEDUCT,  a conduit  of  water,  is  a construction  of  stone 
aud  timber  built  on  uneven  ground,  to  preserve  the  level  of 


water,  and  to  conduct  it  through  canals  from  one  place  to 
another.  Some  of  these  aqueducts  arc  visible,  and  others  sub- 
terraneous : those  of  the  former  sort  are  constructed  at  a great 
height,  across  valleys  and  marshes,  and  supported  by  piers 
and  ranges  of  arches;  the  latter  are  formed  by  piercing  the 
mountains,  and  conducting  them  below  the  surface  of  the  earth. 
They  are  built  of  brick,  stone,  8cc.  and  covered  above  with 
vaulted  roofs,  or  flat  stones,  serving  to  shelter  the  water  from 
the  sun  and  rain  ; and  of  these,  some  arc  double,  and  others 
triple,  that  is,  supported  by  two  or  three  ranges  of  arches.  Of 
the  latter  kind,  arc  the  l*ont-du-gard  in  Languedoc,  supposed 
to  have  been  built  by  the  Romans  to  carry  water  to  the  city  of 
Nisincs;  that  of  Constantinople ; and  that  which,  according  to 
Procopius,  was  constructed  by  Cosroes,  king  of  Persia,  near 
Petra  in  Mingrelia,  and  which  had  three  conduits  in  the  same 
direction,  each  elevated  above  the  other.  Some  of  the  aque- 
ducts are  paved,  others  convey  the  water  through  a natural 
channel  of  clay  ; and  it  was  frequently  conducted  by  pipes  of 
lead  into  reservoirs  of  the  same  metal,  or  into  troughs  of  hewn 
stone. 

The  Aqueduct  of  Alcantara,  fig.  83,  near  Lisbon,  is  50,380 
feet  long;  supported  on  127  arches,  the  middle  arch  being  220 
feet  high,  and  108  feet  wide ; the  other  arches  are  extremely 
well  executed  ; and  in  standing  at  the  western  angle,  the  eye 
ranges  over  the  piers,  without  the  slighest  variations  of  any  of 
them  from  the  vertical  plane.  The  joints  arc  close,  and  the 
horizontal  lines  well  preserved.  The  voussoirs  of  the  arches 
appear  of  equal  length,  and  their  extrados  arc  adapted  to  the 
courses  of  10  inches  deep.  Those  of  the  middle  arch  appear 
about  8 feet  in  length,  and  15  of  them  constitute  the  depth  of 
the  work  ; but  the  four  ranks  of  projecting  stones,  which  pro- 
bably carried  the  centering,  hurt  the  uniformity.  The  only 
perceptible  sinking  occasioned  by  the  earthquake  is  in  the 
north  parapet,  and  in  one  of  the  towers.  A stream,  or  rather 
winter-torrent,  runs  through  the  channel  under  the  great  arch, 
and  empties  itself  into  tho  Tagus,  about  two  miles  distant. 
Tbe  width  of  the  section  at  top  is  30  feet  one  inch,  and  at 
bottom  25  feet  10  inches.  The  steepest  or  eastern  hank  is  tho 
Lisbon  side,  and  the  gently  rising  or  western  bank,  tbe  Bellas 
side;  the  spectator  will  then  face  the  south.  A statue  of 
John  V.  who  reigned  in  1717,  is  represented  in  Roman  costume 
on  a pedestal  on  the  eastern  end,  where  the  footpath  com- 
mences, from  which  to  the  arch  No.  I,  is  670  feet  seven  inches 
solid  wall.  The  most  modern  and  most  extensive  nqueduct  is 
that  built  hy  Louis  XIV.  near  Mnintenon,  for  earning  the  river 
Bure  to  Versailles.  It  is  7000  fathoms  long,  and  its  elevation 
2500  fathoms  ; and  contains  2-12  arcades. 


Bridge  of  Alcantara. — Fig.  83. 


It  is  a very  prevailing  opinion,  that  the  Romans,  amidst  all  I method  of  conducting  and  raising  water  by  a train  of  pipes, 
their  magnificence,  were  ignorant  of  the  simplest  elements  of  Nothing,  however,  can  be  worse  founded  than  this  notion.  Tho 
hydrostatics,  and  therefore  entirely  unacquainted  with  the  I ancient  writers,  who  either  treat  of  the  subject,  or  incidentally 
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mention  it,  are  dear  and  explicit  in  tlicir  remarks,  while  many 
vestiges  of  art  stilt  attest  the  accuracy  of  those  statements. 
Pliny,  the  natural  historian,  lays  down  the  main  principle,  that 
•'  water  will  invariably  rise  to  the  height  of  its  source Subii 
aUitudinem  exortut  rut.  lie  subjoins,  that  leaden  pipes  must 
be  employed,  to  carry  water  up  to  an  eminence,  Palladius, 
in  his  treatise  De  Re  Rurtica,  teaches  bow  to  find  springs,  by 
observing  immediately,  from  the  sunrise  in  the  month  of 
August,  the  vapours  which  hover  above  particular  spots  ; and 
having  there  dug  a well,  he  directs  the  water  to  be  conducted 
to  the  farm  or  villa,  either  by  a conduit  constructed  of  masonry, 
or  by  means  of  pipes  of  lead,  of  wood,  or  even  of  earthenware. 
He  allows  one  foot  in  sixty,  or  in  a hundred,  for  an  uniform 
descent.  But  if  the  ground  should  afterwards  rise,  he  says, 
the  conduit  must  be  supported  on  piles  or  arches,  or  the 
water  must  be  raised  in  leaden  pipes,  when  it  will  mount 
just  to  the  level  of  its  head.  But  Palladius  testifies  his 
aversion  to  the  use  of  lead,  as  apt  to  become  covered  with 
ccruss,  and  thereby  rendered  unwholesome,  or  even  poisonous. 
This  consideration  had,  no  doubt,  served  to  restrain  the  general 
adoption  of  leaden  pipes  among  the  Romans.  Still,  however, 
we  may  infer,  from  the  allusions  of  the  poets,  tbut  such  pipes 
had  come  into  very  common  use.  They  were  not  cast  tubular 
as  at  present,  but  consisted  of  thin  plates  bent  up  into  the  form 
of  a cylinder,  and  soldered  along  the  edge.  They  must  fre- 
quently have  given  way,  therefore,  at  this  scam.  Horace  asks, 
if  the  water  which  threatens  in  the  streets  to  barst  its  lead,  be 
purer  than  the  rivulet  that  trembles  and  murmurs  as  it  Sows. 
Eput.  f.  x.  2(1-  Ovid  compares  the  gush  of  blood  from  the 
mortal  wound  which  Pyramus,  in  the  agony  of  despair,  had 
inflicted  upon  himself,  to  the  accidental  rupture  of  a leaden 
pipe.  Metam.  iv.  1*20.  Statius  speaks,  no  doubt  with  poetical 
exaggeration,  of  whole  rivers  being  discharged  by  such  con- 
duits. Statiut,  i.  Sylv.  Vitruvius  describes  the  three  principal 
modes  of  conveying  water;  but  directs,  as  the  previous  opera- 
tion, to  trace  a level  ( libr amentum ) on  the  ground.  This  libra- 
tion  was  performed  by  the  dioptron,  the  water-level,  or  the 
chorohatcs.  The  dioptron  seems  to  have  been  a sort  of  quad- 
rant filled  with  sights  ; the  water-level  consisted  of  a tube, 
probably  of  copper,  five  feet  long  and  an  inch  wide,  turned  np 
an  inch  and  a half  at  both  ends,  and  was  adjusted  till  water 
rose  equally  in  them  ; the  chorobates,  or  perambulator,  which 
he  considered  as  the  most  accurate  instrument,  was  composed  1 
of  a rod  twenty  feet  long,  having  a square  and  plummet 
attached  at  each  extremity.  Vitruvius  allows  only  half  a foot 
in  the  hundred,  for  the  slope  of  an  Aqueduct.  After  the  water 
had  reached  the  walls  of  a city,  it  was  admitted  into  a reser- 
voir or  eastellum,  divided  into  three  distinct  and  equal  com- 
partments, one  to  feed  the  pools  and  fountains,  another  to 
supply  the  public  baths,  and  a third  for  tho  accommodation  of 
palaces  and  private  houses.  The  distribution  of  tbc  water  was 
effected  commonly  by  means  of  leaden  pipes.  The  smallest  of 
these  was  called  a denaria,  being  ten  feet  in  length,  the  six- 
teenth part  of  this  in  breadth,  and  weighing  ISO  Roman  pounds. 
This  gives,  for  the  thickness  of  the  lead,  exactly  the  quarter  of 
an  English  inch.  In  lower  situations,  where  the  stress  against 
the  sides  was  greater,  the  pipes  appear  to  have  been  made 
proportionally  stronger.  The  quantity  of  water  delivered  from 
tbc  cisterns  was  regulated  by  the  dimensions  of  the  spouts, 
termed  calices.  These  formed  a scries  of  twenty-five  different 
kinds,  which  served  as  moduli.  Their  diameters  were  some- 
times reckoned  by  ounces,  or  the  twelfth  parts  of  a Roman 
foot,  hut  more  commonly  by  quarter  digits,  or  the  sixty-fourth 
part  of  a foot.  The  qutnaria  seem  to  have  been  considered  as 
the  standard,  and  its  width  must  have  hence  corresponded  to 
the  •900  part  of  an  English  inch.  Tho  ajutate  or  length  of  all 
those  spouts  was  the  same,  being  twelve  digits,  or  three-fourths 
of  a Roman  foot,  and  therefore  equal  to  8'7  English  inches. 
Prony  conjectures,  from  very  probable  grounds,  that  such  was 
also  the  altitude  of  a column  of  pressure  above  the  middle  of 
each  orifice.  This  estimate  gives  1979  cubic  feet,  for  the  quan- 
tity of  discharge  of  a denaria,  in  the  space  of  twenty-four 
hours.  Leaden  pipes  were  likewise  employed  to  r.arry  water 
across  vales  and  over  eminences.  But  it  behoved  to  erect,  at 
the  several  incurvations,  columnaria,  or  chimneys,  to  give  vent 
to  the  air  which  might  collect  and  gorge  up  tbc  passage  of  the 


water.  Such  funnels  required  to  he  raised  to  near  the  height 
of  the  fountain  head.  Vitruvius,  however,  joins  with  Palladius 
and  Columella,  in  recommending  pipes  of  car  throw  are,  as  not 
only  cheaper,  but  more  wholesome,  than  those  of  lead.  They 
could  be  formed  thicker,  if  necessary,  and  might  he  farther 
strengthened  and  secured,  they  said,  by  an  outer  coating  of 
lime  worked  up  with  oil.  But  such  pipes  not  being  glared, 
it  became  necessary,  before  using  them,  to  fill  up  tbc  pores  by 
a sort  of  puddling,  that  is,  to  w ash  their  inside  with  favjila,  or 
fine  wood-ashes.  No  wonder,  therefore,  that  the  leaden  pipes 
were  held  in  little  estimation  among  the  ancient  Romans. 
They  seem  1o  have  been  seldom  used  indeed  beyond  the  limits 
of  the  imperial  city,  except  as  auxiliaries  in  the  smaller  aque- 
ducts. When  such  conduits  happened  to  he  interrupted  by  a 
deep  narrow  vale,  instead  of  joining  them  by  an  arch  thiown 
over  the  gap,  the  connexion  was  sometimes  formed  by  an 
inverted  syphon  of  lead,  curried  on  the  one  side  down  to  the 
bottom,  and  brought  up  on  the  other.  Rome  w as  supplied  by 
nine  great  aqueducts,  according  to  Krontinus,  who  had  been 
appointed  curator  of  those  magnificent  works  by  the  emperor 
Ncrva.  He  added  five  more  ; and  the  number  was  afterwards 
augmented,  by  successive  emperors,  to  twenty.  Of  these,  the 
most  remarkable  were,  1.  The  Aqua  Appia,  thus  named  from 
its  having  been  constructed  by  the  censor  Appius  Claudius,  in 
the  44M  year  of  Rome,  begun  between  the  sixth  and  eighth 
milestone,  made  a circuit  of  880  deep  pares,  and  then  pro- 
ceeded by  a deep  subterranean  drain  of  more  Ilian  II  miles, 
delivering  the  main  body  of  its  water  in  the  Campus  Martins. 
2.  Tho  Uld  and  New  Anio,  conduits  so  called  from  their  bring- 
ing into  Rome  the  waters  of  that  river.  The  former  began 
above  the  Tiber  at  the  30th  milestone,  and  consisted  mostly  of 
a winding  drain  carried  through  an  extent  of  about  13  miles. 
The  latter,  constructed  under  Nero,  took  a higher  level,  run- 
ning 7643  paces  above  ground,  and  then  pursuing  a subter- 
ranean passage  of  64,207  paces  in  length.  3.  The  Aqua  Mar- 
tia,  which  owed  its  formation  to  Quintus  Martius,  rose  from  a 
spring,  distant  33  miles  from  Rome,  made  a circuit  of  three 
miles,  and  afterwards,  forming  a vault  of  16  feet  diameter,  it 
ran  38  miles  along  a scries  of  arcades  at  the  elevation  of  70 
feet.  It  had  vents  perforated  at  certain  distances,  for  disgorg- 
ing the  collected  air ; and  the  conduit  was  occasionally  inter- 
rupted by  deep  cisterns,  in  which  the  water  settled  and  depo- 
' sited  its  sediment.  It  was  hence  remarkable  for  its  clear  green 
, colour.  Lib.  xxx.  6.  The  Aqua  Julia  and  the  Aqua  Tcpula 
were  brought  by  the  same  aqueduct,  only  in  two  lower  eonduits. 
4.  The  Aqua  Virginia,  conducted  bv  Agrippa,  the  patriotic 
lieutenant  of  Augustus,  who  laboured  to  improve  and  beautify 
Rome;  and  who,  according  to  Pliny,  formed  in  one  year 
70  pools,  106  fountains,  and  130  reservoirs.  It  commenced  at 
a very  copious  spring,  in  the  midst  of  a marsh,  at  the  distance 
of  eight  miles  from  the  rity,  and  ran  about  12  miles,  passing 
through  a tunnel  of  8(8)  paces  in  length.  6.  The  Aqua  Claudia, 
begun  by  Nero,  and  completed  by  Claudius,  took  its  rise  36 
miles  from  Rome;  it  formed  a subterranean  stream  36J  miles 
in  length,  ran  10}  miles  along  the  surface  of  the  ground,  was 
vaulted  for  the  space  of  three  miles,  and  supported  on  arcades 
through  the  extent  of  seven  miles,  being  carried  along  so  high 
a level  as  to  supply  all  the  hills  of  Rome.  It  was  built  of  hewn 
stone,  and  still  continues  to  furnish  the  modern  city  with  water 
of  the  best  quality,  which  has  hence  procured  it  the  name  of 
Acqua  Felice.  The  practice  of  tunnelling  was  began  under 
Augustas,  who  greatly  extended  the  aqueducts.  Other 
emperors  likewise  directed  their  attention  to  that  important 
object.  Trajan  shewed  particular  solicitude  in  improving  the 
aqueducts.  Those  works  were  executed  in  the  boldest  man- 
ner ; nothing  could  resist  the  skill  and  enterprise  of  the 
Romans;  they  drained  whole  lakes,  drove  mines  through 
mountains,  and  raised  dp  the  level  of  valleys  by  accumulated 
arcades.  The  water  was  kept  cool  by  covering  it  with  vaults, 
which  were  often  so  spacious,  that,  according  to  Procopius, 
who  wrote  in  the  time  of  Belisarius.  a man  on  horseback  could 
ride  through  them.  So  abundant  indeed  was  the  supply,  as  to 
induce  Strabo  to  say,  that  whole  rivers  flowed  through  tbc 
streets  of  Rome.  Contemplating  the  utility,  the  extent  and 
grandeur  of  those  aqueducts,  Pliny  justly  regarded  them  as  the 
wonder  of  the  world.  Plin.  xxxvi.  16.  The  same  idea  is 
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expressed  by  the  poet  Rutilius.  Rutilius  in  Itin.  According  to 
the  enumeration  of  Frantinus,  (be  nine  earlier  aqueducts  delt- 
verrd  every  day  14.018  quinnrin.  This  corresponds  to  '27,743.100 
csibic  feet.  We  may  therefore  extend  the  supply,  when  all  the 
aqueducts  were  in  action,  to  the  enormous  quantity  of  50,000,000 
cubic  feet  of  water.  Reckoning  the  population  of  ancient 
Rome  at  n million,  which  it  probably  never  exceeded,  this 
would  furnish  no  less  than  fifty  cubic  feet,  for  the  daily  con* 
.sumption  of  each  inhabitant.  In  modern  Romo,  three  aque- 
ducts, the  Acqua  Felice,  Juliana,  and  Paulina,  with  some 
additional  sources,  deliver  in  twenty-four  hours,  according  to 
the  calculation  of  Prony.  6,305.000  cubic  focL  This,  shared 
among  a population  of  190,000,  gives  about  forty  cubic  feet  for 
each  individual,  being  nearly  the  same  comparative  supply  as 
in  the  period  of  Roman  splendour.  Such  profusion  of  w ater 
altogether  transcends  our  conceptions.  The  supply  of  London 
in  the  year  1790  was  only  2,6*26,560  cubic  feet  daily  ; and  even 
now,  when  the  rivalsbip  of  the  several  water  companies’  has 
almost  deluged  the  streets,  it  amounts  only  to  3,888.000  cubic 
feet*  This  quantity  is  abundantly  sufficient  for  all  the  wants 
of  a luxurious  mass  of  inhabitants,  equal  certainly  to  the  popu- 
lation of  ancient  Rome,  where  the  consumption,  bow'ever,  was 
still  fourteen  times  greater.  How  paltry  then  appears  the 
actual  supply  of  Paris,  amounting  only  to  293,600  cubic  feet  of 
water  in  a day.  It  affords  scarcely  half  a cubic  foot,  or  thirty 
pounds  avoirdupois,  to  each  inhabitant  in  a population  of 
600,000.  The  Greeks  of  the  Lower  Empire  had  simplified  the 
general  mode  of  conducting  water.  This  evidently  appears 
from  the  practice  which  now'  prevails  in  supplying  the  city  of 
Constantinople.  The  ground  is  levelled  by  means  of  the  Tcrazi, 
a sort  of  inverted  mason’s  plummet,  which  hangs  from  the 
middle  of  a cord  stretched  between  two  rods  divided  into 
Inches  and  patts,  set  upright,  and  removed  successively  from 
one  station  to  another.  Hut  the  chief  improvement  con* 
lists  in  substituting,  for  the  columnariu  of  the  Romans,  the 
Souterazi  or  water-balance,  a sort  of  hydraulic  obelisk  or 
pyramid.  By  this  ingenious  contrivance,  the  expense  of 
aqueducts  is  reduced  to  a fifth  part.  The  water  runs  down 
with  a gentle  slope  in  covered  drains,  till  it  reaches  an  obelisk 
constructed  of  masonry ; and  rising  up  the  one  side,  by  a nar- 
row channel,  discharges  itself  into  a basin  at  the  top,  from 
which  again,  at  a level  eight  inches  lower,  it  descends  by  a 
similar  channel  on  the  other  side.  The  form  of  this  hydraulic 
pyramid  may  be  easily  represented  by  the  reader,  without  the  aid 
of  any  diagram  to  assist  his  conception.  Such  auxiliary 
machines,  which  facilitate  the  escape  of  the  air,  and  allow  the 
water  to  settle,  arc  commonly  erected  at  intervals  of  about 
two  hundred  yards.  The  system  is,  in  fact,  only  a repetition 
of  conduits.  From  each  separate  basin,  the  water  is  distributed 
by  orifices  of  different  diameters,  but  having  their  centres  all 
in  the  same  horizontal  line,  three  inches  beneath  the  brim. 
The  charge  of  the  waterworks  at  Constantinople  is  intrusted 
to  a body  of  300  Turks  and  some  Albancso  Greeks,  w ho  form 
almost  an  hereditary  profession.  According  to  the  interesting 
work  of  General  Andreossy  on  the  Bosphorus,  that  for  the  supply 
of  a population  of  600.000  is  only  two-third*  of  a cubic  foot,  or 
about  forty  pounds  of  water  per  day.  There  still  remain  at 
Constantinople  two  ancient  cisterns.  1.  The  Subterranean 
cistern,  built  of  hard  brick,  vaulted  and  resting  on  marble 
columns : and  2.  The  cistern  of  one  hundred  and  one  columns, 
called  anciently  Philoxene  ; it  consists  of  three  rows  of  columns, 
one  above  another,  and  capable  of  holding  five  days’  supply  for 
the  whole  inhabitants  of  this  spacious  city. — Leslie’s  Natural 
Philosophy. 

AQl.ILX.  a constellation  in  the  northern  hemisphere, 
usually  joined  with  Antinnug.  According  to  some  ancient 
poets,  this  eagle  is  the  same  ns  that  whose  form  Jupiter 
assumed  when  he  carried  to  mount  Ida  the  beautiful  Gany- 
mede, son  ofTros,  king  of  Phrygia.  Antindus  was  a youth  of 
Bithynia.  (now  Anatolia,  In  Asia  Minor,)  a great  favourite  of 
the  emperor  Adrian,  who  erected  a temple  to  his  memory,  and 
placed  him  among  the  constellations.  The  asterism  Antindus 
is  generally  considered  an  integral  part  of  the  constellation 
Aquila.  Athair,  the  chief  star,  and  of  the  first  magnitude,  is 
situated  in  the  eagle’s  neck;  its  right  ascension  is  295°  29* 48”; 
and  its  declination  is  8°  23' 57".  It  appears  on  the  E.N.E. 


three-fourths  east  point  of  the  horizon,  at  London,  and  rises 
and  culminates  as  in  the  following  Tabic  : Meridian  Altitude, 
46°  52'  57". 
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AQUILEGIA,  columbine,  the  leaves,  flowers,  and  seeds  of 
which  were  formerly  iii  great  repute  among  the  people  for 
throwing  out  the  small  pox  and  measles. 

ARA,  the  Altar,  an  asterism  south  of  the  Scorpion's  Tail, 
contains  nine  slars,  of  which  three  are  of  the  third  magnitude, 
four  of  the  fourth,  8cc.  The  chief  star  culminates 
nearly  at  the  same  time  with  Has  Algothi  in  the 
bead  of  Hercules.  See  Hercules. 

ARA  BIS,  bastard  tower  wall-cress, 

ARABLE  Lands,  those  which  are  fit  for  til- 
lage. or  have  been  tilled. 

ARACK,  or  Indian  Toddy,  the  juice  of  the 
cocoanut  tree  ; or  a distillation  of  rice  fermented 
with  toddy.  The  Tartars  have  a species  of 
arack  distilled  from  mare's  milk. 

ARAEOMETER,  or  Watereoise,  fig.  82,  an 
instrument  to  measure  the  density  or  gravity  of 
fluids,  is  usually  made  of  glass,  a round  hollow 
ball  terminating  in  a long  slender  neck,  herme- 
tically scaled  at  top,  there  being  first  as  much 
running  mercury  put  into  it  as  will  keep  it  sw  im- 
ming in  an  erect  position.  The  stem  is  divided 
into  degrees,  and  by  the  depth  of  its  descent 
into  any  liquor,  the  lightness  of  that  liquor  is 
ascertained,  for  that  fluid  in  w hich  it  sinks  least 
must  be  heaviest:  and  that  in  which  it  sinks 
lowest,  lightest.  See  Hydrometer 
ARBOR,  in  Mechanics,  r spindle,  or  axis,  whereon  u machine 
turns ; as,  the  arbor  of  a crane,  a mill,  &r. 

Ah  non  Diana,  or  Tree  of  Diana.  Half  an  ounre  of  fine 
silver,  and  two  drachms  of  mercury,  dissolved  separately  in  a 
quantity  of  aquafortis,  are  then  mixed  together,  and  poured 
into  a pint  of  common  water,  and  stirred  about,  that  the  whole 
may  be  well  mixed.  This  preparation  is  kept  in  a bottle  well 
corked.  In  a glass  globe,  or  other  vessel,  put  the  amalgam  of 
silver  with  merrury,  the  quantity  of  a small  nut ; pour  three  or 
four  ounces  of  the  above  liquor  over  it,  and,  some  hours  after, 
there  will  arise  from  the  globular  amalgam  small  branches, 
which,  by  increasing,  will  form  a beautiful  stiver  shrub. 

Arbor  Martis,  or  the  Tree  of  Mars.  Dissolve  iron  filings 
in  aquafortis  moderately  concentrated,  till  the  add  is  satu- 
rated : then  add  to  it  gradually  a solution  of  fixed  alkali,  (oil 
of  tartar  per  deliquium.)  A strong  effervescence  will  ensue, 
and  the  iron,  instead  of  falling  to  the  bottom  of  the  vessel,  will 
afterwards  rise,  and  cover  tho  sides,  forming  a multitude  of 
ramification*  heaped  one  upoji  the  other,  which  will  pass  over 
(he  edge  of  the  vessel,  and  extend  themselves  on  the  outside 
with  all  the  appearance  of  a plant,— Silver  Tree  on  Glass.  Put 
a few  drops  of  the  solution  of  silver  in  aquafortis  on  a piece  of 
glass,  form  a bit  of  copper  or  brass  wire  to  represent  a tree 
with  its  branches,  but  flat,  so  as  to  lie  upon  the  glass ; lay  it  in 
the  liquid,  and  let  it  remain  for  an  hour  or  two.  A beautiful 
vegetation  will  be  perceived  all  round  the  wire,  which  will 
nearly  be  covered  by  it.  This  may  be  preserved  by  washing  it 
very  carefully  with  water,  and  putting  another  glass  over  it. — 
Lead  Tree.  Dissolve  an  ounce  of  sugar  of  lead  in  a quart  of 
clear  w ater,  put  it  into  a glass  decanter  or  globe,  then  suspend 
in  the  solution,  near  the  top,  a small  piece  of  zinc  of  an  irre- 
gular shape.  Let  it  stand  undisturbed  for  a day,  and  it  will 
begin  to  shoot  out  into  leaves,  and  apparently  to  vegetate.  If 
left  undisturbed  for  a few  days,  it  becomes  extremely  beauti- 
ful : but  it  must  be  moved  with  great  caution.  It  may  appear 
1 to  those  unacquainted  with  chemistry,  that  tbc  piece  of  zinc 
j actually  puts  out  leaves  : but  this  is  a mistake  ; for  if  the  zino 
| be  examined,  it  will  be  fouud  nearly  unaltered.  This  pheao- 
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menon  U owing  to  llic  cine  having  a greater  attraction  for 
oxygen  than  the  lead  has.  consequently , it  takes  it  from  the 
oxyde  oflcad,  which  re  appears  in  its  metallic  state. 

ARBUTUS,  or  Bmkuerky.  Its  leaves  are  employed  either 
as  a powder  or  decoction,  in  gravelly  complaints.  Boiled  in  an 
acid,  these  leaves  will  dye  brown. 

ARCADE,  an  openiug  in  the  wall  of  a building  formed  by 
an  arch  : thus,  in  London,  there  is  the  Burlington  arcade  ; the 
Royal  arcade,  a dismal  passage  behind  the  Opera  House. 

ARCH,  a portion  of  the  circumference  of  a circle,  or  curved 
line;  yet  arches  arc  sometimes  straight  lines,  as  the  beautiful 
arches  of  the  portico  of  St.  Andrew’s  Church,  Clasgow,  than 
which  there  is  not  a finer  picec  of  architecture  iu  the  kingdom. 
Triumphal  Arches  are  magnificent  entries  into  cities  ; as  the 
arch  of  Titus  f tee  the  Mute,)  and  that  of  Constantiuc,  at  Rome; 
the  gate  of  St.  Dennis,  Paris,  See, 

In  tig.  84,  AS*  ESI!  is  the  pondeniting  arch;  A or  lithe 
spring  of  the  arch;  D its  crown;  AB  its  span;  CD  its 
height,  or  versed  sine,  or  rise;  A DU  the  intrudes,  or  the 
lower  surface  of  the  arch,  (often  called  the  arch);  S'  E S the 
extrados,  being  in  bridges  the  superior  surface,  or  the  road- 
way ; F'  F the  flanks  or  lances;  the  spaces  above  these  are  called 
tho  spandrclls.  ihe  portions  of  stone  resembling  wedges,  whiclriiu 
inacouisccon.  - ...  - . , 

Definition  of  «n  Arch. 


piers  or  abutments : piers,  when  they  stand  between  two  neigh- 
bouring arches;  and  abutments,  when  they  support  the  arches 
which  are  contiguous  to  the  shore : the  part  of  the  pier  from 
which  the  arch  springs  is  called  the  impost ; the  curve  formed 
by  the  upper  sides  of  the  vonsaoirs.  the  nrehivolt ; and  the  lines 
F'  S',  F S,  about  the  Ranks,  in  which  a break  is  most  likely  to 
take  plaer,  the  joints  of  the  fracture. 

ARCHERS,  the  royul  company  of,  in  Scotland,  are  his 
majesty's  body  guards  within  seven  miles  of  Edinburgh  ; and 
upon  the  visit  of  his  majesty  George  IV.  to  this  part  of  his 
dominions,  the  royal  company  of  archers,  1000  strong,  dressed  in 
their  tartun  white  and  green,  with  their  standards,  Ac.  were 
acknowledged  and  received  as  the  body  guard  of  the  sovereign, 
1832.  They  claim  this  privilege  by  a statute  of  Janies  I.  1003. 

ARCHES'  COURT,  an  ecclesiastical  court  of  appeal, 
belonging  to  the  archbishop  of  each  province. 

ARCHIL,  purple  rock  lichen,  grows  upon  rocks  in  Eng- 
land and  Wales,  and  when  properly  prepared,  imparts  to 
woollen  cloth  a reddish  brown  ; or  dull,  but  durable  crimson. 
It  is  sometimes  used  as  a styptic. 

ARCHIMEDES,  of  Syracuse,  one  of  the  greatest  and  most 
celebrated  of  the  ancient  mathematicians,  was  horn  in  the 
above  city  about  ‘210  years  before  Christ.  The  great  and  com* 
prehensile  genius  of  this  author  led  him  to  the  study  of  every 
braneli  of  science;  arithmetic,  geometry,  mechanics,  optics, 
hydrodynamics,  were  alike  the  objects  of  his  investigations, 
and  experienced  alike  the  powerful  effects  of  his  superior 
talents.  To  Archimedes  we  owe  the  first  idea  of  the  specific 
gravity  of  bodies,  which  arose  out  of  the  following  circum- 
stance. Hiero.  king  of  Syracuse,  having  had  reason  to  snspcct 
that  a goldsmith,  who  was  employed  to  make  him  a crown  of 
gold,  had  adulterated  the  metal  by  mixing  with  it  a quantity  of 
silver,  requested  Archimedes  to  endeavour  to  discovrr  the 
cheat ; which  he  did,  by  procuring  two  masses  of  gold  and 
silver  of  equal  weight  with  the  crown,  w hich  he  immersed  in  a 
vessel  full  of  water,  and  carefully  noticed  the  quantity  of  water 
which  each  displaced  ; after  which,  he  observed  bow  much  the 


crown  caused  the  same  water  to  flow  over;  and  on  comparing 
this  quantity  with  each  of  the  former,  he  was  able  to  ascertain 
the  proportions  of  gold  and  silver  in  the  crown.  He  j»  the 
reviver  at  least  of  the  Egyptian  mechanics. 

Archimedes’  Screw,  fig.  86,  or  the  water  snail,  is  a 
tuucbiuc  for  railing  water,  consisting  of  a flexible  tube  rolled 

in  a spiral  form 
round  acy  Under, 
as  in  the  figure. 
The  water  enters 
at  C,  and  de- 
scends at  first  in 
the  spiral  canal 
by  its  specific 
gravity,  but  Ihe 
cylinder  being 
turned,  the  wa- 
ter moves  to  E, 
into  the  canal,  to 
occupy  the  low- 
est place  ; and 
thus  by  the  con- 
tinual rotation. 
It  passes  up  to 
11,0,  G,  F,  Ac. 
to  D,  where  it  is 
to  be  discharged.  Tho  machine  is  turned  by  the  winch  K ; 
the  prop  I K supports  it,  and  the  extreme  axis  is  fixed  in  a 
socket  P. 

ARCHITECTURE,  the  art  of  Building,  has  from  the  earliest 
periods  of  society  been  cultivated  by  mankind;  and  the  origin 
of  all  buildings  may  be  deduced  from  the  construction  of  the 
meanest  huts.  These  were,  at  first,  made,  as  fig.  80,  in  a coni- 
cal figure,  wbicli  is  the  simplest  in  structure,  but  being  incon- 
venient on  account  of  its  inclined 
sides,  both  the  figure  and  construction 
of  the  huts  were  changed,  by  giving 
them  the  form  of  a cube.  Mankind  at 
leugtli  improved  in  the  art  of  building, 
and  invented  methods  of  rendering 
their  habitations  durable  and  conve- 
nient. The  trunks  of  trees,  deprived 
of  their  bark  ami  other  inequalities  of 
surface,  were  raised  above  the  humid 
soil  by  means  of  stones,  and  covered 
u— ^ each  with  a flat  atone  or  slate,  ns 
fig.  87,  to  exclude  the  rain;  and  the  insterstices  between  the 
ends  of  the  joints  were  closed  with  wax  or  clay.  The  roof 

was  altered,  and 
elevated  in  the 
centre  by  raft- 
ers, to  snpport 
the  materials  of 
the  cove  ring. and 
to  carry  ofT  the 
WBtrr.  When 
the  rude  builder 
erected  more 
stately  edifices,  he  imitated  those  parts  which,  from  necessity, 
had  composed  the  primitive  huts  The  upright  trees,  with 

stones  at  each 
end,  became  the 
origin  of  co- 
lumns.bnses.and 
capitals ; and  tho 
beamsjoists,and 
rafters,  as  fig. 88, 
which  formedthe 
covering,  gave 
r.so  to  archi- 
traves. friezes, 
and  cornice*.  The  Greek*,  whose  genins  prompted  them  to 
combine  elegance  and  convenience,  derived  their  ideas  of  build- 
ing from  the  Egyptians.  But  the  mind  of  man  is  influenced  by 
the  government  under  which  he  lives;  thv  Greeks,  with  their 
independence,  lost  tho  ascendency  in  works  of  genius,  and 
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from  that  period  the  Romans  encouraged  this  noble  art.  Vitru- 
vius, tire  learned  Roman  architect,  hnd  Julius  Csesar  and 
Augustus  for  his  patrons,  and  though  employed  in  few  works 
of  magnificence,  his  rules  for  architecture  were  highly  esteemed 
by  the  ancients,  and  are  still  a standard  among  the  moderns. 
The  Romans  carried  to  the  highest  perfection  the  five 
orders  of  architecture:  the  Tuscan,  the  Doric,  the  Ionic,  the 
Corinthian,  and  the  Composite  ; and  though  the  moderns  have 
materially  improved  the  general  structure  of  buildings,  nothing 
has  been  added  to  the  beauty  and  symmetry  of  these  columns. 
To  give  an  idea  of  the  Orders,  it  must  be  observed,  that  the 
whole  of  each  is  divided  into  two  parts  at  least;  the  column 
and  entablature  : and  of  four  parts  at  most,  when  there  is  a 
pedestal  under  the  column,  and  an  acrotcr  at,  or  little  pedestal, 
surrounded  by,  the  entablature:  that  the  column  ha*  three 
parts,  the  base,  the  shaft,  and  the  capital ; the  entablature  has 
three  likew  ise,  the  architrAves,  the  frieze,  and  the  cornice. 

Orders  nf  Architecture.  (See  Plates  I.  II.  III.) — The  Tutcan 
Order  has  itsnamc  and  origin  in  Tuscany,  first  inhabited  by  a co- 
lony from  Lydia,  whence  it  is  likely  the  order  is  butthe  simplified 
Doric.  On  account  of  its  strong  and  massive  proportions,  it  is  cal- 
led the  Rustic  order,  and  is  chiefly  used  inedilicesof  that  charac- 
ter composed  of  a few  parts,  devoid  of  ornament,  and  capable  of 
supportingthc  heaviest  weights.  TbeTuscan  order  will  always 
live  vrltcro  strength  and  solidity  are  required.  The  Etruscan 
architecture  is  nearly  allied  to  the  Grecian,  but  possesses  an 
inferior  degree  of  elegance.  The  Trajan  column  at  Rome, 
of  this  order,  is  less  remarkable  for  the  beauty  of  its  propor- 
tions, than  fur  the  admirable  pillar  with  which  it  is  decorated. 
Its  column  is  seven  diameters  high  ; and  its  capi.al,  base,  and 
entablature,  have  but  few'  mouldings  or  ornaments.  All  its  parts 
arc  defined  in  the  Plate,  fig.  80;  and  fig.  00  represent*  the 
order  complete. — The  Doric  Order,  so  called  from  Doras,  who 
built  a magnificent  temple  in  the  city  of  Argos,  and  dedicated 
It  to  Jano,  is  grave,  robn«V,  and  of  masculine  appearance, 
whence  it  Is  figuratively  termed  the  Herculean  order.  The 
Doric  possesses  nearly  the  same  character  for  strength  as  the 
Tuscan,  but  It  is  enlivened  with  ornaments  in  the  frieze  a«d 
capital.  In  various  ancient  remains  of  this  order,  the  propor- 
tions of  (he  columns  are  different.  Ion,  who  built  a temple  to 
Apollo  in  Asia,  taking  his  idea  from  the  structure  of  man.  gave 
six  times  the  diameter  of  the  base  for  the  height  of  the  column. 
Of  this  order  is  the  temple  of  Thcsus  at  Athens,  built  ten  years 
after  the  battle  of  Marathon,  and  at  this  day  almost  entire. 
This  order  has  no  ornament  on  its  base,  or  in  its  capital ; its 
height  is  eight  diameters;  its  frieze  is  divided  into  triglyphs  • 
and  metopes.  Sec  the  Plate,  fig.  01,  where  all  the  parts  of  the  j 
order  arc  accurately  defined  ; also  fig  9*2,  which  gives  it  com-  ; 
plctc. — The  Ionic  Order  derived  its  origin  from  the  people  of 
Ionia.  The  column  is  more  slender  than  the  Doric,  but  more 
graceful.  Its  ornaments  are  elegant,  and  in  a style  between  the 
richness  of  the  Corinthian  and  the  plainness  of  the  Tuscan  ; 
simple,  graceful,  and  majestic  ; whence  it  has  been  compared  [ 
to  a female  rather  decently  than  richly  decorated.  When  Her-  , 
mogcncs  built  the  temple  of  Bacchus,  at  Teos,  he  rejected  the 
Doric  after  the  marbles  had  been  prepared,  and  in  its  stead 
adopted  the  Ionic.  The  temples  of  Diana  at  Ephesus,  of 
Apollo  at  Miletus,  and  of  the  Delphic  oracle,  were  of  this  order. 
Michael  AngHo.  contrary  to  all  other  authors,  gives  the  Ionic 
>i  single  row  of  leaves  at  the  bottom  of  the  capital.  See  the 
Plate,  fig.  flft,  for  all  the  paits  or  the  order,  and  lig.  94,  for  the 
finished  Ionic.— The  Corinthian,  the  finest  of  all  the  orders,  and 
as  first  used  at  Corinth,  is  expressive  of  delicacy,  tenderness, 
and  beauty.  The  capital,  so  rich  and  graceful,  was  suggested 
to  CaHnim'dius  hy  an  acanthus  entwining  its  leaves  around  a 
votive  basket  that  adorned  the  grave  of  an  illustrious  young 
Indy.  This  order  marks  an  age  of  luxury  : and  the  introduc- 
tion of  groups  of  figures  Into  the  frieze  of  the  entablature,  shews 
that  pomp  and  splendour  hnd  become  predominant  passions, 
but  had  not  vet  extinguished  a taste  for  the  sublime  and  beau- 
tiful. The  double  rows  of  leaves,  and  eight  volutes  sustaining 
the  abacus,  nnd  modillinns  in  its  cornice,  ore  all  very  fine. 
The  column  is  It)  diameters  high.  See  Plate,  lig.  9ft,  for  all  the 
parts;  fig.  fKJ,  for  the  entire  Corinthian  order. — The  Composite 
Order,  invented,  it  is  said,  by  the  Romans,  partakes  of  the 
Icuic  and  Corinthian  oidcrs,  but  principally  of  the  latter.  Its 


column  is  10  diameters  high,  nnd  its  cornice  has  denticles  or 
simple  modillions.  The  Plate  exhibits  all  the  parts  in  fig.  07  ; 
and  in  fig.  08,  the  order  complete. 

Saracenic,  or  Gothic  architecture,  bad  numerous  and  promi- 
nent buttresses,  lofty  spires  aud  pinnacles,  large  and  ramified 
windows,  ornamental  niches  and  canopies,  with  sculptured 
saints  and  angels,  delicate  lace-work,  fretted  roofs,  and  an 
indiscriminate  profusion  of  ornaments.  The  fretwork  is  so 
called  from  the  Saxon  word  frerttan,  signifying  fishes’  teeth. 
But  its  most  distinguishing  characters  arc  small  clustered  pil- 
lars and  pointed 
archea,fornaed  by 
the  segments  of 
two  intersecting 
circles.  This  sty  I© 
was  of  Arabian 
origin,  introduc- 
ed into  Europe  by 
the Crusaders;or 
those  who  mndo 
pilgrimages  ipto 
the  Holy  Land. 

In  the  reign  of 
Henry  III.  many 
of  the  old  build- 
ings were  pulled 
down  to  give 
place  to  new  ones 
on  this  model. 

The  cathedral  of  f 

Salisbury  was  Watmimier  Halt. 

begun  early  iu  this  reign,  and  finished  in  1*268.  It  is  one  of  (lie 
finest  productions  of  ancient  architecture  in  this  island,  aud  is 
completely  aud  truly  Gothic.  This  term,  however,  is  used  by 
the  ignorant,  to  designate  the  barbarous  compounds  we  some- 
time* see  set  up  in  imitation  of  the  true  Gothic. 

The  Saxon  architecture,  of  which  we  have  some  remains,  was 
the  Roman  architecture  in  a decayed  state-  The  style  of 
building  practised  throughout  Europe  was  of  this  kind,  aud  so 
continued  to  be  used  by  the  Normans,  with  some  trifling  altera- 
tions, till  the  introduction  of  iho  Saracenic  architecture  about 
| the  reign  of  Henry  II.  The  characteristics  are,  the  semicircu- 
lar arch,  and  short,  thick,  massive  columns.  It  has  no  pinna- 
cles or  pointed  ornaments,  no  delineations  of  arms,  nor  statues, 
except  in  relief.  The  best  specimen  of  this  style  is  (he  north 
transept  of  Winchester  cathedral.  The  Norman  architecture 
differs  from  the  Saxon  chiefly  in  its  increased  proportion,  and 
in  the  magnitude  and  massiveness  of  its  buildings,  arches 
highly  ornamented  with  figures  of  angels,  fruit,  animals,  &c.— 
subjects  serious  nnd  ludicrous  promiscuously  blended  together; 
walls  without  btitlrrcws  arches  supported  by  solid,  clumsy 
pillars,  with  a regular  base  ami  capital  ; the  capitals  adorned 
with  carvings  of  foliage  and  animals;  the  columns  with  small 
half  columns  joined  to  them,  the  surfaces  ornamented  with 
spirals,  squares,  network,  and  figure*  in  relievo.  These  may 
be  seen  in  the  monastery  of  Lindistarn  iu  Holy  Island,  the 
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cathedral  at  Durham,  the  mined  choir  at  Orford  in  Suffolk,  and 
in  the  crypt  or  under-croft  of  Canterbury  cathedral. 

The  Florid  Gothic,  fig.  lo.,  was  admirably  adapted  for 
decorative  sculptured  monuments,  screens,  altar-pieces,  elabo- 
rate canopies,  ornamental  pinnacles,  octagonal  niches  and 
stalls,  with  the  crocket  ornament  stealing  up  the  angle,  the 
pyramidal  point,  crowned  with  a large  flower  or  a pineapple. 


Common  Gothic  Arch, 


Gothic  Arch,  from 
Four  Centers. 
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The  arch,  as  it  was  described  from  two  points,  fig.  102,  or  from 
four  points,  figs.  102  and  103,  possessed  much  grace  for  pen- 
dant decorations  of  fruits,  flowers,  and  emblazonry.  Moreover, 
sculptures  of  small  imageries  in  the  fretted  roofs,  characterized 
this  style.  The  13th  century  was  the  grand 
era  of  Gothic  luxury,  when,  and  in  the  suc- 
ceeding century,  were  erected  the  nave  and 
west  front  of  York  cathedral.  Litchfield  cathe- 
dral, St.  Stephen’s  chapel,  Westminster,  (now 
the  House  of  Commons.)  Merton  and  New 
College,  Oxford.  Painted  and  stained  glass 
now  added  much  to  the  magnificence  of  the 
Gothic  windows  in  those  sublime  structures. 

At  the  western  painted  window  in  the  church 
of  Batalha,  in  Portugal,  the  fathers  usually 
assemble  in  the  choir  to  chant  the  evening 
service,  whilst  the  myriads  of  variegated  rays 
which  emanate  from  this  beautiful  window,  resembic  so  many 
beams  of  glory  playing  around  them.  But  the  use  of  glass  is 
of  early  origin  in  churches,  for  the  monastery  of  Wcarmouth 
was  glazed  in  (147  ; and  the  windows  of  York  and  Canterbury 
cathedrals,  sn  celebrated  for  their  magnificence,  are  of  early 
date.  During  the  13th  and  14th  centuries,  most  of  the  exteriors 
of  our  Saxon  and  Norman  churches,  as  fig.  106,  were  trans- 
formed into  the  Gothic,  which  completed  the  victory  of  this  over 


Saxon  Architecture. — Fig.  106. 


every  other  style  in  the  kingdom.  From  the  end  of  the  14th 
century,  no  remarkable  variation  can  be  discovered.  Gothic 
architecture,  at  this  period,  had  been  at  its  height  for  nearly 
two  ecntnrics.  When  Henry  VIII.  began  the  Reformation,  and 
the  dissolution  of  monasteries  took  place,  the  two  universities 
were  at  first  included  in  the  general  ruin  ; these  edifices, 
however,  sacred  to  science  as  well  as  to  religion,  were  saved 


from  that  dilapidation  which  many  of  the  monasteries  and 
cathedrals  experienced.  The  desolating  hands  of  those  reform- 
ers who  succeeded  Henry  VIII.  destroyed  many  of  the  most 
beautiful  specimens  of  this  style  of  architecture,  and  despoiled 
them  of  their  most  beautiful  ornaments.  Castellated  Gothir 
was  generally  used  in  that  age,  when  the  feudal  system  ten 
dered  it  necessary  that  noblemen  should  possess  foriifie», 
castles.  This  style  resembles  the  original  Saxon  and  Norman 
architecture. 

Mortem  Architecture. — Gothic  architecture  began  to  decline 
from  the  time  of  Henry  VIII.  A style,  in  which  the  Grecian 
and  Gothic  were  mixed  together,  then  prevailed  ; but  in  the 
16th  and  17th  centuries  the  chaste  architecture  of  the  Greeks 
and  Homans  was  revived.  The  first  improvements  took  place 
in  Italy,  whence  they  passed  into  other  parts  of  Europe;  and 
though  the  Italians  were  long  accounted  the  first  architects, 
England  produced  Inigo  Jones  and  Sir  Christopher  Wren,  who 
bold  the  most  exalted  station.  The  banqueting-hnnsc  at 
Whitehall,  <|uccn  Catherine’s  chapel  at  St.  James*;  the  piazza 
of  Covent  Garden,  and  many  other  public  buildings,  are  monu- 
ments of  the  taste  and  skill  of  Inigo  Jones,  The  churches, 
royal  courts,  stately  halls,  magazines,  palaces,  and  public 
structures,  designed  by  Sir  Christopher  Wren,  are  proud  tro- 
phies of  British  talent.  If  the  w hole  nrt  of  building  w ere  lost, 
it  might  be  again  recovered  in  the  cathedral  of  St.  Paul,  and 
in  that  grand  historical  pillar,  called  the  Monument.  To  these, 
wc  superadd  Greenwich  Hospital,  Chelsea  Hospital,  the  Theatre 
at  Oxford,  Trinity  College  Library,  and  Emanuel  College, 
Cambridge  ; the  churches  of  St,  Stephen  in  Wnllhrook,  St. 
Mary-lc-bow,  and  fifty  (n  o others  in  London,  serve  to  immorta- 
lize bis  memory.  While  we  contemplate  these,  and  many  other 
public  edifices  erected  and  repaired  under  his  direction,  we  are 
at  a loss  which  most  to  admire — the  fertile  ingenuity.  or  the 
persevering  industry,  of  the  artist.  The  architectural  history 
of  the  18th  century  differs  from  that  of  preceding  ages  in  two 
essential  circumstances.  The  public  buildings  erected  during 
this  period  are,  in  general,  not  so  grand  and  massive  as  those 
of  some  former  periods.  But  while  they  fall  short  of  splendour 
and  magnificence,  they  arc  superior  to  most  ancient  structures 
in  simplicity,  convenience,  neatness,  and  elegance.  Private 
dwellings  have  been  made  more  spacious,  convenient,  and 
agreeable  to  a correct  taste,  than  in  any  preceding  period. 
The  liberal  use  of  glass,  in  modern  buildings,  contributes 
greatly  lo  their  beauty  and  comfort,  and  is  a point  in  which  the 
ancients  were  totally  deficient.  In  descending  to  the  various 
minute  details  of  human  dwellings,  especially  those  which  have 
reference  to  elegance  and  enjoyment,  it  is  obvious  the  artists 
of  the  18th  century  exceeded  all  others.  During  the  reign  of 
his  present  gracious  Majesty,  the  artificer  and  architect  have 
had  the  fullest  scope  for  the  exercise  of  their  respective  talents, 
whcthci  wc  consider  the  vast  number  of  new  churches  and 
chapels  that  have  been  erected,  and  that  arc  still  building;  or 


Stepney  iVnt’  Church. — Fiy.  100. 


the  extensive  improvements  which  the  metropolis  has  under- 
gone. But  all  these  arc  outdone  by  the  buildings  in  the  Near 
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Town  of  Edinburgh,  and  in  Glasgow,  where  the  whole  or  the 
very  magnificent  and  classical  edifices  that  have  been  reared, 
arc  constructed  of  durable  frce**lone,  and  decorated  in  a style 
that  does  equal  honour  to  the  genius  of  the  people,  and  the 
spirit  of  the  age.  It  would  be  impossible  in  this  work  to  enu- 
merate and  describe  the  new  churches  which  have  been  built 
since  the  year  1818.  We  may,  however,  give  as  a specimen 
Stepney  Sew  Church,  fig.  100,  which  will  hold  1500  persons, 
two-thirds  being  in  free  sittings. 

Architectural  Ornament*. — Balusters  are  pillars  of  wood, 
stone,  and  used  to  ornament  the  tops  of  buildings,  and  to  sup- 
port railing ; when  continued,  they  form  a balustrade : Cary- 
atides, figures  of  women  dressed  in  long  robes  after  the  Asiatic 
manner,  to  support  entablatures  in  buildings.  Other  female 
figures  have  been  used  for  a similar  purpose,  but  the  original 
name  is  still  retained.  A war  had  been  earned  on  by  the 
Athenians  against  the  Carians  ; the  latter  were  totally  van- 
quished, their  wives  were  made  captives,  and  to  commemorate 
this  event,  trophies  were  made  by  the  Athenians,  in  which 
figures  of  women,  habited  in  the  Cryatic  manner,  were  used  for 
the  purpose  just  explained,  and  this  is  in  fact  the  origin  of  this 
part  of  architecture).  Persians,  so  called  from  a victory  gained 
over  the  Persians  by  Pausanias,  who  having  brought  home 
prisoners,  spoils,  and  trophies  to  the  Athenians,  they  chose 
Persian  male  figures  to  support  the  entablatures  which  have 
been  changed  in  the  same  manner  as  the  Caryatides.  Persians 
may  be  of  another  size;  the  larger,  the  greater  the  effect  which 
they  impress  on  the  spectator's  mind.  In  arsenals,  galleries 
of  armour,  Sic.  they  arc  advantageously  used.  Pilasters  have 
their  bases,  capitals,  and  entablatures,  the  same  as  those  of 
columns  but  are  square,  not  round  as  columns  are.  A Portico 
is  a range  of  columns  covered  at  the  top  ; that  of  Palmyra  was 
4000  feet  long.  Termini,  figures  anciently  used  to  mark  the 
limits  of  possessions,  are  still  used  in  the  human  shape  as 
ornaments  for  temples  and  garden  edifices.  There  are  many 
other  architectural  terms,  which  wilt  be  found  described  under 
their  respective  names.  See  the  annexed  Plate. 

In  the  practice  of  Architecture,  every  gentleman  is  guided  by 
circumstances  ; but  the  choice  of  situation  seems  to  be  dictated, 
in  most  cases,  by  the  nature  of  things.  A farmer  ought  to 
dwell  in  the  centre  of  his  farm ; a man  of  fortune  builds  for 
health,  neighbourhood,  prospect,  situation,  icc.  As  regards 
the  construction  of  edifices,  the  distribution  of  apartments,  6tc. 
the  roles  and  plans  that  might  he  given  would  fill  many  volnnies; 
and  Aquatic  Buildings,  Bridges,  Harbours,  Roofs,  Arches,  Uc. 
are  all  described  and  illustrated  under  their  respective  titles, 
in  the  work. 

ARCHITRAVE,  that  part  of  a column  which  lies  imme- 
diately upon  the  capital,  being  the  lowest  member  of  the  entabla- 
ture : and  the 

ARCHIVAULT,  is  the  interior  contour  of  an  arch  or  band, 
adorned  with  mouldings,  running  over  the  faces  of  the  arch 
stones,  and  bearing  upon  the  imposts. 

ARCHIVE,  a chamber  in  which  records  are  kept,  as  the 
Rolls’  Office,  in  which  the  archives  of  the  Coart  of  Chancery 
are  kept. 

ARCHYTAS,  a Pythagorean  philosopher,  and  distinguished 
mathematician,  of  Tarentum,  who  flourished  about  400  years 
before  Christ,  and  to  whom  Aristotle  is  said  to  have  been 
indebted  for  his  ethical  principles  and  maxims.  To  the  inge- 
nuity of  Archytas,  as  a mathematician,  we  owe  the  method  of 
finding  two  mean  proportionals,  mechanically,  between  two 
given  lines,  with  a view  to  the  duplication  of  the  cube  ; and  we 
derive  from  his  skill  in  mechanics,  the  invention  oi  the  screw, 
crane,  and  various  hydraulic  machines;  flying  pigeon,  or  winged 
automaton.  The  astronomical  and  geographical  knowledge  of 
Archytas  is  celebrated  by  Horace  in  a beautiful  ode.  recording 
also  his  death,  which  was  occasioned  by  a shipwreck  ; — 

“ Archytas,  what  avails  thy  nice  survey 
Of  ocean's  countless  sands,  of  earth  and  sea  ? 

In  vain  thy  mighty  spirit  once  could  soar 
To  orbs  celestial,  and  their  course  explore; 

If  here,  upon  the  tempest-beaten  strand. 

You  lie  confind,  till  some  more  lib'ral  band 
Shall  strew  the  pious  dust  in  funeral  rite, 

And  wing  thee  to  the  boundless  realms  of  light." 


ARCTIC,  the  North  Pole,  because  the  last  star  in  the  tail  of 
the  Little  Bear  is  near  the  pole  of  the  w orld. 

Arctic  Circle,  a lesser  circle  of  the  sphere  23}°  from  tho 
north  pole. 

ARCTIUM,  burdock. 

ARCTURUS.astaroftbe  first  magnitude  in  the  constellation 
Arctopbylax,  or  Bootes  ; sec  Job  ix.  9.  xxxviii.  32.  This  star 
is  supposed  to  be  nearer  our  earth  than  any  other  in  the 
northern  hemisphere. 

AREA,  any  plane  surface  on  which  we  walk,  fee.  or  the  site 
on  which  any  building  stands,  or 
the  superficial  contents  of  any  figure. 
Thus,  if  a field  be  40  feet  on  each 
side,  the  contents  will  he  40  x 40  — 
1000 ; or  it  contains  1000  little 
squares,  each  one  foot,  one  inch,  &c. 
every  way.  In  fig.  107,  each  little  □ 
contains  10  feet,  therefore  the  16 
squares  contain  1G00  feet. 

ARECA,  faufcl  nut. 

AREOLA,  the  colour  surrounding 
* the  nipple  of  the  breast. 

AREOPAGUS,  rock  of  Mars,  a sovereign  tribunal  at 
Athens,  famous  for  its  justice  and  impartiality. 

A RET H USA,  a marsh  plant,  that  requires  to  be  kept  moist 
in  two-thirds  peat  and  one-third  loam. 

ARGOPHYLLUM,  white  leaf. 

ARGO  NAVIS,  the  ship  Argo,  a southern  constellation, 
and  type  of  the  vessel  in  which  Jason  sailed  from  Thessaly  to 
Colchis,  on  the  east  coast  of  the  Black  sea,  to  recover  the  golden 
flcccc.  More  properly,  this  ship  is  a type  of  the  ark  of  Noah. 
The  constcllatiou  Argo  Navis  is  bounded  on  the  north  by  Mono- 
ccros  and  Pyxis  Nautica,  anciently  of  course  by  the  Water 
Snake  and  the  Little  Dog;  east  by  Robur  Carol),  anciently  by 
the  Centaur;  south  by  Piscis  Volana  and  Equulcus  Pictorius; 
and  west  by  Canis  Major  and  Columba  Noachi.  There  are 
sixty-four  stars  in  Argo,  reckoning  by  the  Britannic  Catalogue, 
viz.  one  of  the  1st  magnitude,  six  of  the  second,  nine  of  Uie  3d, 
nine  of  the  fourty,  kc.  The  brilliant  Canopus,  situated  near 
the  keel,  has  62°  3u  south  declination,  and  its  right  ascension 
in  time  is  6 ho.  20'  1",  or  95°  lfii'.  and  though  invisible  in  our 
northern  latitude,  it  culminates  as  follows  : — 


Month. 

Cl"  LM. 
bo.  mi. 

Month. 

Culm. 
Iio.  mi. 

Month. 

CULM, 
bo.  jii. 

Jan. 

11  31  A. 

May 

3 47  A. 

Sept. 

7 SC  >M. 

Feb. 

9 24  A. 

Jane 

1 44  A. 

Oct. 

5 27  M. 

March 

7 31  A. 

July 

11  10  M. 

Nov. 

3 22  .M. 

April 

5 37  A. 

A og. 

9 33  M. 

Dee. 

i 49  M. 

A small  part  of  the  Ship’s  poop  only  appears  above  the  hori- 
zon of  Britain,  and  it  is  superfluous  therefore  to  trace  any  com- 
binations among  the  stars  of  this  constellation* 

ARGUMENT,  in  Astronomy,  is  in  general  a quantity  npon 
which  another  quantity  or  equation  depends,  or  some  circum- 
stance relating  to  the  motion  of  a planet ; or  it  is  an  arch, 
whereby  we  seek  another  unknown  arch,  bearing  some  propor- 
tion to  the  first:  hence, 

Aroument  of  Inclination,  or  Argument  of  latitude,  of  any 
planet,  is  an  arch  of  a planet’s  orbit,  intercepted  between  the 
ascending  node  and  the  place  of  the  planet  from  the  sun,  num- 
bered according  to  the  succession  of  the  signs. 

Annual  Argument  of  the  Moon'*  Apogee,  or  simply  Annuo! 
Argument , is  the  distance  of  the  sun’s  place  from  the  place  of 
the  moon's  apogee ; that  is,  the  arc  of  the  ecliptic  comprised 
between  (hose  two  places. 

Argument  of  the  Parallax,  denotes  the  effect  it  produces  on 
an  observation,  and  which  serves  for  determining  the  trne 
quantity  of  the  horizontal  parallax. 

Argument  of  the  Equation  of  the  Centre,  is  the  anomaly,  or 
distance,  from  the  apogee  or  aphelion  ; because  this  equation 
is  calculated  in  an  elliptic  orbit  for  every  degree  of  anomaly, 
and  varies  according  to  the  variation  of  the  anomaly. 

ARIES,  <f.  the  Ram,  or  Lamb,  tho  first  of  the  zodiaca!  signs ; 
agreeably  to  the  fixed  zodiac  of  Hipparchus;  when  the  sun 
enters  Aries  on  the  20th  of  March,  and  the  vernal  equinox 
begins.  From  this  point  we  reckon  the  right  ascension  of  tho 
stars,  and  the  longitudes  of  the  celestial  bodies.  The  fact  is 
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the  earth  in  at  this  season  of  the  jear  in  Libra,  and  the  sun,  as 
seen  from  the  earth,  appears  in  Aries.  The  boundaries  and 
contents  of  this  constellation  are.  north  by  Triangula  and 
Musca,  east  by  Taurus,  sooth  by  Cetus,  and  west  by  Pisces. 
This  sign  contains  00  stars,  riz,  one  of  the  2d  magnitude,  one 
of  the  3d,  two  of  the  fourth,  flee.  The  chief  star  in  Aries,  called 
a Arif  tit.  is  situated  in  his  forehead.  Its  declination  is 
22°  30*  30",  and  its  right  ascension  29°  U/  30".  It  rises  on  the 
N.  K.  | E.  point  of  the  compass,  at  London,  and  culminates  on 
the  tirst  day  of  each  month,  as  in  the  following  Table  ; Mcri- 
dian  Altitude,  0°  ft  30". 


MOSTH. 

Rises. 

CCLW. 

Month. 

Rises. 

Com. 

ha.  mi. 

bn.  mi. 

bo.  mi. 

ho.  mi. 

Jan. 

11  ON. 

7 IS  A. 

J.Ij 

10  50  A. 

7 5 M. 

Feb. 

8 87  M. 

5 0 A. 

Aag. 

9 0 A. 

5 5 M. 

Mar. 

0 AS  M. 

I IS  A. 

8«pt. 

7 0 A. 

8 8 M. 

April 

4 56  M. 

1 15  A. 

OcU 

ft  IS  A. 

1 18  M. 

May 

s o M. 

11  10  M. 

Nov. 

8 20  A. 

1 80  A. 

Jan« 

1 0 M | 9 30  M- 

Dm. 

1 15  A. 

9 80  A. 

ARISTjEUS,  an  eminent  geometrician  of  Crotonia,  who 
lived  330  years  before  Obrist ; and  was  author  of  live  books  on 
tbe  Conic  Sections,  which,  however,  have  never  been  transmit- 
ted down  to  us,  though  those  of  his  contemporary  Menecbmus, 
have  been  preserved. 

ARISTARCHUS,  a celebrated  Greek  astronomer  and  phi- 
losopher, born  at  Samos,  flourished  about  tbe  middle  of  the 
third  century  before  Christ.  Aristarchus  is  well  known  to  have 
maintained  the  modern  opinion  with  regard  to  the  motion  of 
the  earth  round  the  sun.  and  its  revolution  about  its  own  centre 
or  axis.  He  also  taught,  that  the  annual  orbit  of  the  earth  is 
hut  merely  as  a point,  compared  with  the  distance  of  the  fixed 
stars.  He  determined  the  distance  of  the  sun  from  the  earth,  and 
concluded,  that  it  contained  at  least  18  or  20  times  that  of  the 
moon  from  the  earth.  Aristarchus  likewise  found,  that  the 
diameter  of  the  moon  bears  a greater  proportion  to  that  of  the 
earth,  than  that  of  43  to  108,  but  less  than  that  of  19  to  00 ; so 
that  the  diameter  of  the  moon,  according  to  his  statement, 
should  he  somewhat  less  than  a third  part  of  the  earth.  Ilo 
also  estimated  the  apparent  diameter  of  the  sun  at  tho  720th 
part  of  tho  zodiac.  Besides  his  astronomical  disooveries, 
Aristarchus  invented  a peculiar  kind  of  hemispherical  sundial. 
The  only  work  of  this  ancient  astronomer  now  extant,  is  a 
treatise  “ on  the  Magnitude  and  Distances  of  the  Sun  and 
Moon."  published  by  Wallis,  with  his  own  notes,  and  Com- 
uiandine's  version  at  Oxford,  in  1083,  8vo. 

A RISTO LOCHIA,  hirlhwort. 

ARISTOTELIAN,  any  thing  relating  to  the  doctrines  or 
philosophy  of  Aristotle. 

Aristotelian  Philosophy,  the  philosophy  taught  by  Aristotle, 
and  maintained  by  his  followers.  It  is  otherwise  called  the 
Peripatetic  Philosophy,  from  their  practice  of  teaching  while 
they  were  walking.  The  principles  of  Aristotle’s  philosophy 
are:  Iustead  of  the  more  ancient  systems,  lie  introduced 
matter,  form,  and  privation,  as  the  principles  of  all  things  ; but 
it  does  not  appear  that  he  derived  much  benefit  from  them  in 
natural  philosophy.  His  doctrines  are  for  the  most  part  so 
obscurely  expressed,  that  it  has  not  been  yet  satisfactorily 
ascertained  what  his  sentiments  were  on  some  of  the  most 
important  subjects.  He  attempted  to  confute  the  Pythagorean 
doctrine,  concerning  the  two-fold  motion  of  the  earth;  and  pre- 
tended to  demonstrate,  that  the  matter  of  the  heavens  is  unge- 
nerated,  incorruptible,  and  not  subject  to  any  alteration  ; and 
be  supposed  that  tbe  stars  were  carried  round  tbe  earth  in 
solid  orbs. 

ARITHMETIC,  the  science  of  numbers,  whose  several  rules 
of  Addition,  Subtraction.  flee.  will  he  found  under  their  respec- 
tive heads.  The  marked  superiority,  indeed,  of  our  present 
numeral  system  over  that  of  the  ancients,  is  so  conspicuous, 
that  since  tho  time  of  its  first  introduction  into  Europe,  nearly 
all  knowledge  of  the  more  imperfect  and  obscure  methods 
before  used  is  obliterated  and  forgotten  ; and  even  the  slight 
vestiges  of  these  abandoned  monuments,  which  now  remain, 
have  become  so  rare  and  difficult  to  be  traced,  either  in  the 
original  works,  in  which  they  might  be  expected  to  be  found, 
or  in  the  commentaries  and  translations  of  later  writers,  that 
except  from  the  scanty  relation  that  has  been  given  of  them  by 


Wallis,  and  tbe  more  recent  and  ample  detail  of  Delambre, 
hot  tittle  further  information  can  be  expected  on  the  subject : 
particularly  as  it  is  now  well  known,  that  the  authors  of  most 
of  tbe  early  performances  in  which  these  methods  were  em- 
ployed, have  contented  themselves  with  barely  giving  the 
results  of  calculations,  without  shewing  the  nature  of  the 
process,  or  tbe  different  steps  of  the  operation. 

ARK,  a floating  vessel  built  by  Noah,  about  which,  all  beyond 
tbe  account  of  scripture,  is  mere  conjecture,  and  had  much 
better  be  omitted  in  this  work.  The  troth,  as  related  under 
the  unerring  direction  of  the  divine  Spirit,  is  found  in  Genesis. 

Ark  of  the  Covenant,  a chest  in  which  the  Israelites  kept  the 
golden  pot  that  contained  the  manna,  Aaron’s  rod,  and  the 
tables  of  the  covenant. 

ARMED,  a cross-bar  is  said,  by  sailors,  to  be  armed,  when 
some  rope  yarn,  or  the  like,  is  rolled  about  tbe  end  of  the  iron 
bar,  which  runs  through  the  shot.  In  Heraldry,  the  horns,  feet, 
beak,  and  talons  of  birds  of  prey,  are  armed,  when  of  a diffe- 
rent colour  from  the  body.  An  armed  ship  is,  properly,  ooe  of 
the  government  vessels.  See  Siur  or  War. 

ARMIGER.  a title  of  dignity  to  such  gentlemen  as  arc 
entitled  to  bear  arms  by  courtesy  or  creation. 

ARMILLARY  Shunt,  an  artificial  sphere  composed  of 
various  brass  circles,  to  illustrate  the  imaginary  lines  with 
which  the  earth  is  supposed  to  he  surrounded.  See  Sphere, 

ARMOUR,  a defensive  dress,  worn  to  secure  the  body  in 
battle.  flue. ; armour  cap-a-pie  consisted  of  a casque  or  helm, 
gorget,  cuirass,  gauntlets,  lasses,  brassetn,  caishcs,  and  covers 
for  the  legs,  to  w hich  the  spurs  were  fastened.  Lastly,  the 
horses  even  had  their  armour  to  cover  the  head  and  neck. 

' ARMOURY,  a storehouse  for  arms;  as  the  Tower,  the  arsenal 
of  Woolwich,  &c.  In  Heraldry,  arms  are  marks  of  dignity  and 
honour,  and  are, like  titles, hereditary;  expressing,  on  the  field 
of  the  escutcheon,  the  degree,  merit,  and  quality  of  the  original 
hearers.  The  ancient  armour  was  tried  and  proved  by  raising 
it  to  a sufficient  height,  and  then  letting  it  fall  on  a largo  stone 
or  pavement : if  it  w as  not  injured  by  fracture,  it  was  good. 

ARMY,  a large  number  of  soldiers,  consisting  of  horse  and 
foot  completely  armed,  and  provided  with  artillery,  ammuni- 
tion, provisions,  flee,  under  the  command  of  one  general-officer, 
having  under  him  a general  of  horse  and  one  of  foot,  a major- 
general  for  every  two  brigades,  and  nearly  half  as  many 
iicutenants-genrral. 

ARNICA,  leopard’s  bane. 

AROMATIC  VINEGAR,  an  acetic  solution  of  camphor,  oil 
of  cloves,  oil  of  lavender,  and  oil  of  rosemary  ; take  a sufficient 
quantity  of  each  to  make  it  pleasant,  and  mix  them  together. 

ARPENT,  a measure  of  an  100  perches  square. 

ARRAIGNMENT,  in  Law,  to  call  a person  to  answer  in 
form  of  law  upon  an  indictment ; and  the  Array  is  the  ranking 
or  setting  forth  of  a jury,  or  inquest  of  men  Impannelled  on  a 
cause.  An  Akrf.st,  is  the  restraint  or  beginning  of  imprison- 
ment of  one's  person,  by  a lawful  warrant,  and  is  either  civil  or 
criminal.  When  any  one  is  arrested  for  a criminal  offence,  the 
officer  who  arrests  him  is  hound,  (by  the  habeas  corpus  act.) 
under  heavy  penalties,  to  deliver  to  the  prisoner,  or  his  agent, 
within  six  hours  after  demand,  a copy  of  the  warrant  of  com- 
mitment, in  order  that  no  one  may  be  imprisoned  from 
malice  or  revenge,  or  without  knowledge  of  the  charge  against 
him.  In  case  such  copy  is  denied,  on  complaint  in  writinjg 
on  oath,  the  lord-chancellor,  or  any  of  the  twelve  judges, 
provided  it  is  a bailable  offence.— or  on  affidavit,  that  a copy 
is  denied, — can  award  a writ  of  habeas  corpus  for  such  prisoner 
to  he  bronght  immediately  before  him;  and  he  is  obliged  to 
discharge  the  partv,  on  receiving  bail.  See  Assize. 

ARRESTS,  in  Farriery,  mangy  tumors  upon  a horse's  hinder 
logs,  between  the  ham  and  the  pastern. 

ARRONDEE,  in  Heraldry,  the  curved  cross,  whose  arms 
terminate  in  the  edge  of  the  escutcheon. 

ARSENAL,  a royal  or  public  magazine,  for  tbe  making  or 
keeping  of  arms,  naval  or  military  furniture  and  equipments. 
8tc.,  ns  the  arsenal  of  Woolwich,  of  Toulon,  Sac. 

ARSON,  the  malicious  bnrning  of  a bouse,  Sac.  of  another 
roan,  which  is  felony  at  common  law. 

ART,  tbe  application  of  knowledge  to  practice ; hence  we 
have  the  terms  useful  or  mechanic,  liberal  or  polite  arts : tho 
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former  requiring  manual  labour  principally,  the  Utter  requiring 
the  exercise  of  mind  more  than  of  the  hand  and  body. 

ARTEMISIA,  mugworL 

ARTERY,  a conical  tube,  or  canal,  which  conveys  the  blood 
from  the  heart  to  all  parts  of  the  body.  See  Anatomy. 

ARTICHOKE,  a well-known  plant,  grown  chiefly  for  culinary 
uses,  and  eaten  with  melted  butler  and  pepper,  either  plain, 
boiled,  or  stewed,  and  added  to  ragouts,  and  highly  seasoned 
dishes.  The  leaves  and  stalks  contain  a bitter  juice,  which, 
melted  with  an  equal  portion  of  while  wine,  has  been  success- 
fully employed  in  the  core  of  dropsy,  a hen  other  remedies 
have  failed. 

ARTICLES  or  Faith,  doctrines  of  Christianity,  allowed  and 
established  by  the  church  for  our  belief.  Tbe  thirty-nine 
articles  were  confirmed  by  royal  authority  in  1664.  The  law 
requires  a subscription  to  these  articles,  of  all  persons  ordained 
to  he  deacons  or  priests;  of  all  clergymen  inducted  to  any 
ecclesiastical  living  ; of  licensed  lecturers  and  curates ; of  the 
heads  of  colleges,  chancellors,  officials,  commissaries,  and 
schoolmasters.  Dissenting  teachers  are  to  subscribe  all, 
except  tbe  34th,  36th,  and  36th,  and  part  of  the  20tb,  (and  in 
the  case  of  Anabaptists,  except  also  part  of  the  27th,)  otherwise 
they  are  exempted  from  tbe  benefits  of  the  Act  of  Toleration, 
13 Elia.  cap.  12, 13,  14.  Cbas.  II.  cap.  4.  1 Will.  III.  cap.  12. 

ARTIFICER,  a manufacturer  of  any  commodity,  as  a smith, 
carpenter,  flic.  The  artificers  of  Rome  were  exempt  from  all 
personal  services,  and  incorporated  into  companies,  enjoying 
their  peculiar  temples  nnd  tutelar  gods;  but  still  they  were 
treated  with  contempt,  most  of  them  being  slaves  and  foreign- 
ers, whose  poverty  exempted  them  from  taxes,  and  whose 
equivocal  character  rendered  their  names  unfit  for  the  censors' 
books,  and  their  persons  for  war.  How  much  the  state  of  tbe 
artificer  is  bettered  since  Home  gave  law  to  the  world,  the 
prosperity,  liberty,  and  opulence  of  Great  Britain  sufficiently 
prove.  Still  by  the  English  laws,  artificers  in  wood,  iron, 
steel,  brass,  or  other  metal,  are  prevented,  by  statute,  from 
quitting  the  kingdom.  And  such  as  go  abroad,  and  do  not 
return  on  warning  given  by  onr  ambassadors,  shall  bo  disabled 
from  bolding  lands  by  descent  and  demise,  and  from  receiving 
any  legacy,  &c.  and  be  deemed  aliens.  A heavy  penalty  is 
also  inflicted  on  persons  seducing  artificers  to  go  abroad. 
Statutes,  6 Geo,  I.  cap.  27  ; 23  Geo.  II.  cap.  13.  % 1. 

ARTILLERY,  the  science  which  the  officers  of  artillery 
ought  to  possess ; or  tbe  soldiers  destined  for  the  service  of 
guns,  cannon,  mortars,  tut.  The  artillery  of  Britain  consists  of 
both  horse  and  foot  soldiers,  whose  chief  rendexvous  is  at 
Woolwich. 

Artillery  Park,  the  place  in  tbe  rear  of  both  linrs  of  an 
army  for  encamping  the  artillery,  which  is  drawn  up  in  lines, 
of  which  one  is  formed  by  the  guns  ; the  ammunition  waggons 
make  two  or  three  lines  sixty  paces  behind  tbe  gnus,  and 
thirty  distant  from  one  another:  the  pontoons  and  tumbrils 
make  the  last  line.  The  whole  is  surrounded  by  a rope  fastened 
to  stakes,  defining  the  camp  ground ; and  the  gunners  and 
matrasses  encamp  on  the  flanks ; and  the  bombardiers,  pontoon 
men,  and  artificers,  in  the  rear. 

ARTGCARPUS,  the  bread-fruit  tree,  grows  wild  in  Ota- 
helte.  and  other  islands  of  the  Sooth  Seas.  It  is  about  40  feet 
in  height,  with  large  spreading  branches,  and  bright  green 
leaves,  divided  into  seven  or  nine  pea-shaped  lobes,  and  loaded 
with  large  globular  berries  about  the  sixe  of  a child’s  head ; it 
affords  a good  nourishment,  and  from  its  inner  bark  there  are 
separated  fine  white  fibres,  which  arc  woven  into  cloth. 

ARUM,  wako-robin.  or  cuckow  pint. 

VRUN DELIAN  Marbles,  are  ancient  stones,  on  which  is 
inscribed  a chronicle  of  Athens,  engraved  iu  Paros  264  years 
before  Christ ; and  they  take  their  present  name  from  Thomas 
earl  of  Arundel,  who  procured  them  from  the  Bast,  and  made 
a present  of  them  to  the  University  of  Oxford.  This  chronicle 
begins  1562  years  before  Christ ; but  it  is  so  defaced,  that  the 
sense  is  discovered  chiefly  by  conjectures.  Butina  dissertation, 
entitled,  " The  Parian  Chronicle,"  the  authenticity  of  those 
marbles  lias  been  questioned : 1st.  Their  characters  have  no 
certain  or  uneqnivocal  marks  of  antiquity  ; 2d.  it  is  not  pro- 
bahle,  that  the  chronicle  was  graven  for  private  use  ; 3d.  nor 
by  public  authority ; 4th.  it  is  not  once  mentioned  by  any 


wt iters  of  antiquity ; 5th.  some  of  the  facts  in  the  chronicle 
seem  to  have  been  taken  from  the  writers  of  a later  date  ; 6th. 
Parachronisms  appear  in  some  of  the  cpochaa  ; 7th.  the  history 
of  their  discovery  is  obscure  and  unsatisfactory.  These  marbles 
had  been  totally  unknown  or  unnoticed  for  almost  1260  years, 
and  at  last  arc  dug  out  of  the  ground— nobody  can  tell  us 
when,  or  where! 

ASBESTOS,  a native  fossil  stone,  which  may  be  split  into 
threads  and  filaments  from  one  to  ten  inches  in  length,  very 
fine,  brittle,  yet  somewhat  flexible,  silky,  and  of  a grayish  colour. 
Asbestos  is  insoluble  in  water,  and  possesses  the  wonderful 
property  of  being  incombustible. 

ASCENDING  Stars,  are  such  as  are  rising  above  the 
horizon  of  any  given  parallel  of  the  equator. 

Ascending  Sode,  £(,.  that  point  of  a planet's  orbit  where  it 
passes  the  ecliptic,  to  proceed  northward. 

Ascension,  Right,  of  any  of  the  heavenly  bodies,  is  that 
degree  of  the  equinoctial  counted  from  the  beginning  of  Aries, 
which  rises  with  the  sun  or  star  iu  a right  sphere.  Oblique 
Ascension,  an  arc  of  tbe  equator,  intercepted  between  tbe  first 
point  of  Aries  snd  that  point  of  the  equator  which  rises  toge- 
ther with  a star  in  an  oblique  sphere;  and  the  ascensional 
difference  is  the  difference  between  the  right  and  oblique 
ascension. 

ASCITES,  dropsy  of  tbe  abdomen. 

ASCLBPIAS,  swallow-wort. 

ASCYRUM,  Peter's  wort. 

ASHES,  the  earthy  particles  of  combustible  substances 
after  they  have  been  burned  ; those  of  vegetable  bodies  possess- 
ing a fixed  salt,  as  potash,  pearl  ash.  Ashes  are  an  excellent 
manure  for  cold  and  wet  grounds.  In  their  religious  ceremo- 
nies, the  Jews  sat  on  ashes,  threw  ashes  on  their  heads,  and  fed 
on  ashes,  which,  however,  is  a poetical  allusion.  There  was. 
nevertheless,  a lustral  water  made  with  tbe  ashes  of  a sacrificed 
heifer,  which  was  distributed  to  the  people,  and  used  in  purifi- 
cations as  often  as  they  touched  a dead  body,  or  were  present 
at  funerals.  Numb.  xix.  17.  2 Sam.  xiii.  9.  and  Ps.  cii.  9. 

ASIA,  extends  about  6500  geographical  miles  east  and  west, 
reckoning  from  the  Hellespont  to  what  is  called  Bast  Cape; 
and  about  4500  geographical  miles,  north  and  south,  from 
Capo  Ccvero  Vostochnoi,  on  the  Arctic  ocean,  to  the  southern 
capo  of  Malacca.  And  it  contains  the  following  states:—/* 
the  North.  The  countries  of  Siberia,  or  Russian  Tartary ; 
whoso  chief  towns  are,  Astracan,  on  the  Wolga,  Tobolsk,  on 
tbe  Irtish.  In  the  Middle.  Countries  : the  Chinese  empire. 
Chinese  Tartary,  Tibet,  Independent  Tartary,  Turkey  in  Asia. 
Chief  towns:  Pekin.  Cashgar,  Lasse,  Samarcand,  on  tbe 
Sogda,  Aleppo,  and  Jerusalem,  /n  the  South.  Countries: 
Arabia,  Persia,  Hindustan,  tho  Birman  empire,  Malaya,  or 
Malacca.  Chief  towns:  Mecca  and  Medina,  Ispahan  and 
Shiraz,  Delhi  and  Calcutta,  Ummrrapoora  and  Ava,  Malacca. 
The  religions  of  Asia  are  very  various:  in  Turkey  the  Mahotn- 
medan  and  Christian  both  prevail ; in  Asiatic  Russia  are  foam! 
the  two  former,  and  also  a species  of  Hindooism  ; the  Chinese 
believe  in  polytheism  ; in  Tibet,  the  religion  bears  a close 
affinity  to  that  of  the  Hindoos:  in  Japan,  polytheism  obtains  ; 
the  Birmans  are  worshippers  of  Brahma,  as  are  also  the  Sia- 
mese. and  the  Hisdostanese ; the  religion  of  Persia  is  the 
Mahommcdan,  as  is  also  that  of  Arabia,  while  in  the  Asiatic 
islands  several  of  the  foregoing  faiths  have  their  respective 
devotees  ; and  there  are  some  insulated  savages  without  any 
vestige  of  religious  rites.  The  oceans,  seas,  hays,  and  gulfs, 
belonging  to  Asia,  are:  the  Arctic,  Pacific,  and  the  Indian 
oceans;  the  Arabian  Golf,  or  Red  Sea,  between  Africa  anti 
Arabia;  the  Persian  Gulf,  between  Arabia  and  Persia,  receiv- 
ing the  Euphrates  and  the  Tigris;  the  Bay  of  Bengal,  sepa- 
rating the  peninsulas  of  India ; the  Gulfs  of  Siam  and  Tonquin  - 
the  Yellow  Sea,  tho  sea  of  Japan,  and  that  of  Okhotsk.  Ac^ja- 
cent  to  Europe,  Asia  claims  a share  in  the  Levant,  the  Archi- 
pelago, the  sea  of  Marmora,  the  Black  Sea,  and  the  sea  of 
Azof.  The  Caspian  Sea  is  an  inland  lake,  700  miles  long,  and 
from  2(00  to  700  broad.  The  sea  of  Aral  is  200  miles  long,  an  I 
70  broad ; and  that  of  Baikal  is  850  mites  in  length,  but  only 
36  in  breadth.  The  chief  Asiatic  straits  are  those  of  BabeL 
mandel,  Malacca,  Snnda,  Corea,  and  Bhcrrings,  between  Asia 
and  America.  The  mountains  are,  the  Ourali an  chain,  forming 
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lha  boundary  between  Europe  and  Asia;  the  Altaian  chain, 
extending;  GUOO  miles  across  the  centre  of  Asia  ; the  mountains 
of  Tibet,  the  highest  on  the  globe,  being  in  one  place  abort 
•2(3,000  feet  above  the  level  of  the  sea;  Mount  Taurus;  the 
Caucasian  chain.  Mount* Ararat,  Lebanon,  and  the  Gauts  of 
Hindostan.  The  chief  rivers  arc  the  Obe,  the  Knissci,  the 
Lena,  the  Amour,  the  Hoan-ho,  the  Kian-ku,  the  Maykaung, 
the  Maygne.  the  Trawadelv,  the  Burrampoot,  the  Ganges,  the 
Indus,  the  Godavery,  the  kistna,  the  Euphrates,  the  Tigris,  and 
the  Wolga.  The  canals  of  China  arc  very  numerous,  and 
facilitate  commerce  in  all  directions ; while  the  magnitude  of 
the  Ganges,  the  Indus,  and  many  other  rivers,  admits  of  an 
uninterrupted  navigation  for  nearly  1000  miles,  for  vessels  of 
*200  tons  burden.  The  Asiatic  islands  arc  the  Laccadive  and 
Maidive  islands.  Ceylon,  the  Nicobar  and  Andaman  isles  ; the 
Japanese  islands,  the  Eastern  Archipelago,  Austral- Asia,  and 
Polynesia. 

Turkey  in  Asia.— This  region  is  divided  into  nine  provinces, 
extending  from  the  shores  of  the  Archipelago,  in  Europe,  to 
Persia  ; and  these  provinces  are  subdivided  into  governments 
arbitrarily  ruled  by  pashas,  or  military  commanders.  The 
provinces  are,  Natalia,  in  the  west;  Karoraan,  in  the  south; 
and  Roum,  in  the  north-east;  Guria,  Mingrelia,  Circassia, 
north  of  Armenia,  or  Turcomania,  and  south  of  it  are  Kurdis- 
tan and  Irak-Arahi ; Mesopotamia,  and  Syria.  The  population 
is  estimated  at  ten  millions,  and  of  this  mass  of  homan  beings, 
one  half  are  pastoral  wanderers,  without  industry,  arts,  or 
civilisation.  The  chief  cities  are,  Aleppo,  with  a population  of 
*250,000  inhabitants;  Damascus,  containing  100,000  souls; 
.Smyrna,  120.000;  Prusa, 60,000;  Angora.  60,000;  Tokat, 00.000; 
Bassora  50,000  ; and  Bagdat,  40,000.  Aleppo  is  famous  for  its 
manufactures  of  silk  and  cotton  ; and  its  numerous  mosques, 
surmounted  with  white  minarets,  and  relieved  in  the  distant 
landscape  by  the  tall  cypresses,  give  this  elegant  city  a most 
picturesque  appearance.  Damascus  fur  its  swordblades  is 
unrivalled  ; and  its  manufactures  of  silk,  cotton,  and  soap,  are 
verv  considerable.  Smyrna  is  the  chief  mart  of  European 
trade  on  the  shores  of  the  Levant ; but  the  pestilence  retards 
its  prosperity.  The  climate  is  most  excellent ; and  though  the 
soil  be  in  general  good,  agriculture  in  Syria  is  in  a most 
wretched  condition.  The  chief  rivers  arc  the  Euphrates,  the 
Tigris,  the  Kizil-Irmak,  or  Hulya  of  antiquity;  the  Meander; 
the  Sarabat,  or  ancient  Hcrmus ; and  the  Orontes,  in  Syria. 
The  lakes  are,  Van,  in  Kurdistan;  the  Dead  Sea,  in  Syria; 
the  Tata,  or  PaJus  Salsa,  of  Asia-Minor ; Ulubad,  in  Natalia, 
and  the  Isuick.  The  mountains  are,  the  Taurian  Chain ; the 
Caucasian  mountains  ; Ararat,  in  the  east  of  Armenia;  Leba- 
non, in  Syria;  Olympus  and  Ida,  on  the  east  of  the  Archi- 
pelago. These  mountains  are  clothed  with  immense  forests  of 
pine-trees,  oaks,  beeches,  elms,  and  other  alpine  trees,  which 
furnish  safe  retreats  to  tigers  of  the  smaller  breed,  hyasnas, 
wild  boars,  troops  of  jackals  ; and  the  ibex  roves  on  the  sum- 
mit of  the  Caucasus  ; while  Angora  is  celebrated  for  its  singu- 
lar goats  and  cats,  from  whose  wool  are  manufactured  Angora 
shawls,  Btc.  The  islands  belonging  to  Asiatic  Turkey  arc, 
Mytilenc,  Scio,  Samos,  Cos,  and  Rhodes.  Mytilene  is  moun- 
tainous, but  agreeably  diversified  with  olive  gardens,  vine- 
yards, and  plantations  of  myrtle.  The  climate  is  cxuuisitc, 
and  the  coast  is  finely  indented  with  numerous  creeks  and 
havens.  Scio,  or  Chios,  contains  about  60,000  inhabitants ; 
and  the  Greeks  make  a decent  livelihood  in  the  cultivation  of 
mastic  gum,  for  the  ladies  of  the  sultan's  harem.  Samos,  with 
a population  of  12,000  Greeks,  is  famous  for  its  pottery,  its 
honey,  and  wax.  Cos  is  covered  with  groves  of  lemon-trees. 
Rhodes,  whose  population  is  30,000,  was  once  celebrated  for 
its  colossal  statue  in  bronze,  and  its  having  been  possessed  by 
the  knights  of  St.  John  of  Jerusalem.  Cyprus  is  fertile,  but 
agriculture  is  neglected.  Its  wines  and  oranges  arc  excellent, 
and  its  hills  arc  bedecked  with  the  most  beautiful  flowers. 

Russia  in  Asia. — The  Russian  empire  extends  along  the 
whole  of  Asia.  If  we  compute  the  degree  of  longitude  in  that 
high  latitude  at  30  miles,  the  length  (reckoning  from  37°  east 
longitude,  to  170°  west  longitude)  will  be  about  4500  geogra- 
phical miles ; and  its  mean  breadth  cannot  be  less  than  1060 
miles,  estimating  from  Cape  Vostochnoi  to  the  sea  of  Baikal. 
The  ancient  name  of  this  vast  empire  was  Siberia.  The  popu- 


lation of  this  extensive  empire  is  almost  all  of  primitive  origin, 
consisting  of  Samoides,  Mongols,  Kalmucks,  Tartars,  See.  And 
they  profess,  according  to  their  tribes,  the  Maboimucdan  reli- 
gion, that  of  the  Greek  church,  or  the  superstition  of  Dalai- Lam  a. 
&c.  The  government  of  Siberia  is  divided  into  two  branches, 
that  of  Tobolsk  in  the  weet,  and  Irkutsk  in  the  east;  and  the 
population  does  not  exceed  three  millions  and  a half.  The  Tar- 
tars arc  generally  hunters,  or  herdsmen,  feeding  horses,  camels, 
oxen,  sheep,  and  goats  ; and  tbeir  women  busy  themselves  in 
tanning  leather,  gardening,  and  providing  winter  provisions. 
The  Kalmucks  are  divided  into  three  classes,  nobles,  clergy, 
and  people,  and  the  power  of  their  chief  consists  in  the  num- 
ber and  opulence  of  his  subjects.  The  Monguls  are  of  short 
stature,  with  a flat  visage,  small  oblique  eyes,  thick  lips,  and 
short  chin,  from  which  depends  a scanty  beard.  Their  hair  is 
black,  and  their  complexion  a yellowish  brown.  Like  all  pas- 
toral tribes,  they  are  docile,  hospitable,  and  active,  but  volup- 
tuous ; ami  hence  industry  is  a virtue  entirely  confined  to  the 
females.  Wandering  in  herds  in  quest  of  sustenance  for  tbeir 
florks,  with  much  mirth  they  amuse  themselves  in  horse-racing, 
archery,  wrestling,  pantomime,  dancing,  cards,  and  chess. 
The  chief  cities  are,  Asiracan,  at  the  mouth  of  the  Wolga; 
Azof,  Tobolsk,  Kolyvan,  on  the  Ob  J likut.sk,  the  chief  mart  of 
commerce  between  China  and  Russia.  The  chief  manufac- 
tures are,  leather,  salt,  isioglass.  kaviar.  (the  salted  roe  of  a 
large  fish.)  ami  pitch  ; and  the  chief  articles  of  commerce  are 
sables,  furs,  hides,  rhubarb,  and  raw  silks,  which  arc  exported, 
or  exchanged,  for  tea,  silk,  porcelain,  wine,  fruit,  coffee,  rice, 
woollen  cloths,  iron,  and  household  goods.  In  so  extensive  a 
country  the  climate  and  soil  arc  very  various ; though  in  general 
the  former  be  frigid  rather  than  temperate,  tbe  latter  might  be 
cultivated  to  great  advantage  in  the  southern  and  western 
districts,  were  the  peasantry  not  sold  as  slaves  with  the  ground 
they  tread  on.  The  chief  rivers  are,  the  Ob,  navigable  almost 
to  its  source,  and  abounding  in  fisb  ; the  Ycnidci,  issuing  from 
the  Baikal,  or  Holy  Sea;  the  Selinga.  flowing  into  the  Baikal; 
the  Lena,  of  great  breadth,  and  full  of  islands  ; the  Wolga,  the 
Amur,  and  tbe  Onon.  The  chief  lakes  are,  those  of  Piazinsko, 
in  the  north ; the  Baikal,  in  the  south  ; the  lakes  of  Tchany  and 
Soumi,  between  the  Ob  and  Irtish ; the  Bagdo,  to  the  north  of 
the  Caspian,  is  salt  water,  as  is  also  the  Atlan-Nor,  or  Gold 
Lake.  The  mountains  are,  the  Uralian  chain ; Bogdo-Alim. 
adjoining  the  Mongolian  desert ; the  Altaian  chain ; tbe 
Schlanganbcrg,  rich  in  minerals,  as  arc  also  the  mountains  of 
Ncnsbtnsk ; the  mountains  of  Ochotsk,  many  branches  of 
which  consist  of  red  and  green  jasper ; and  the  classical  Cau- 
casus, whose  summits  arc  crowned  with  everlasting  ice  and 
snow.  Asiatic  Russia  abounds  in  forests  and  strpps,  or  exten- 
sive level  plains,  which  resemble  the  sandy  bed  of  a sea,  with 
scattered  patches  of  thin  grass,  stunted  thickets,  spots  of  salt, 
and  saline  lakes.  In  the  forests,  the  terrible  urus  and  the  bear 
range ; the  argali,  or  wild  sheep,  and  the  ibex,  or  rock  goat, 
inhabit  the  Caucasus  ; (be  rein  deer  performs  the  office  of  the 
horse ; the  mountains  of  Baikal  abound  in  large  stags  ; and  the 
white  foxes  of  tbe  Eastern  Archipelago  rival  the  monkey  in  mis- 
chievous tricks.  The  isles  belonging  to  Asiatic  Russia  are,  the 
Aleutian  islet  on  the  east  of  Kamschatka,  the  Andrcnorian  or 
Fox  islands  on  the  west  of  the  former  ; and  the  Kurilian  isles, 
extending  from  the  south  of  Kamschatka  to  Japan.  Several 
of  these  isles  are  volcanic ; and  they  all  swarm  with  foxes. 

Tbe  Chinese  Empire. — This  vast  empire  extends  in  an 
easterly  direction  4200  geographical  miles,  and  southerly  1740 
miles.  By  glancing  at  tbe  map  of  Asia,  we  perceive  it  stretch- 
ing from  the  Pacific  Ocean  to  the  river  Sinon,  and  from  the 
Uralian  mountains  to  the  tropic  of  Cancer.  It  is  divided  into 
three  parts,  China  Proper,  tbo  kingdom  of  tbe  Mandshurs  and 
Monguls,  on  the  north  and  west,  and  tbe  territory  of  Tibet. 

I.  China  Proper. — China  Proper  (extending  from  the  great 
wall  in  the  north  to  the  Chinese  sea  in  the  south)  is  1140  geo- 
graphical miles  long  ; and  in  breadth  (from  the  shores  of  the 
Pacific  to  the  frontiers  of  Tibet)  it  is  computed  at  860  geogra- 
phical miles.  The  religion  is  polytheism.  The  government 
patriarchal : hence  the  amazing  population  and  general  ease 
and  happiness  of  the  people.  The  population  amounts  to  three 
hundred  and  thirty-three  millions  of  souls,  the  array  is  one 
million,  and  tbe  revenue  amounts  to  nine  millions  sterling. 
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The  features  of  flic  Chinese  proclaim  their  affinity  with  the 
Tartar?,  Munguls,  and  Mundshurs;  and  though  they  appear 
highly  civilized,  science  is  still  in  its  infancy  among  them,  and 
must  ever  be  so,  where,  from  age  to  age.  genius  is  cramped  by 
the  children  following  the  business  of  their  fathers.  The  chief 
cities  are  Pekin  and  Nankin  ; the  former  possessing  a popula- 
tion of  three  millions  of  sonls,  and  the  latter  is  yet  more  exten- 
sive. In  Canton  there  are  a million  and  a half  of  inhabitants. 
Tho  characters  of  the  Chinese  people  in  the  different  provinces 
are  thus  portrayed  in  the  last  court  calendar  of  the  celestial 
empire. — I.  Peking,  or  Shun-teen-foo.  The  people  are  strong 
and  brave ; silent,  famous  for  politeness  and  justice  ; plain, 
unceremonious,  and  moral,  regenerated  by  their  vicinity  to  the 
emperor. — Paou-ting-foo.  Literati  not  endowed  with  remark- 
able talents,  and  agricultural  people. — Yung-ping-foo.  The  lite- 
rati value  their  reputation  ; a frugal  people,  attentive  to  agricul- 
ture.— Tee-tsin-foo.  A mixed  people  from  every  part  of  the  coun- 
try ; gay  and  extravagant,  some  frugal.— 2.  Keang-see— Keang- 
nin-foo.  An  extravagant  people,  a great  number  of  literati. — Soo- 
chow.  The  scbolais  are  very  polite,  and  the  people  taught  to 
love  each  other.  Their  manners  are  pure,  and  instruction  has 
a powerful  effect. — Sung-keang-foo.  The  literati  arc  studious, 
the  people  eminent  for  benevolence. — 3.  Gan-hwuy.  A light 
unsteady  people  ; economical,  and  of  good  appearance.— 4. 
Keaug-se.  The  literati  are  partial  to  classical  learning,  the  peo- 
ple attentive  to  husbandry. — 6.  Chc-kcang. — Hang-chow- loo. 
Gems  and  rarities  are  here  collected.  Foreign  and  home  trade 
are  united.  The  people  are  genteel  and  elegant.  The  literati 
are  very  methodical. — 6.  Fo-kecn,  Fo-cbow-foo.  Inwardly 
sincere,  and  of  a gay  exterior;  very  attentive  to  busiuess,  and 
value  economy. — 7.  Hoo-pce,  Woo-chang-foo.  A mixture 
from  every  part  of  the  empire.  Every  family  observes  its  own  | 
customs.  The  Chinese  roads  arc  excellent,  and  no  country 
excels  this  in  inland  navigation.  Irrigation  is  very  well  prae-  | 
tised,  husbandry  is  neat  and  clean,  and  the  emperor  himself  is 
not  ashamed  to  hold  the  plough  in  its  season,  and  sets  an  an- 
nual example  of  the  veneration  due  to  tho  ehief  branch  of 
human  industry.  The  lakes  are  noble  and  extensive,  and 
afford  vast  quantities  of  fish,  which  arc  taken  by  trained  birds. 
The  rivers  are  the  Kian-ku  and  the  Hoan-ho.  The  mountains, 
though  numerous,  have  not  yet  been  accurately  described ; and 
except  in  the  loftiest  districts,  cultivation  has  annihilated  all 
the  great  forests.  Yet  tigers,  buffaloes,  wild  boars,  bears, 
rhinoceroses,  camels,  and  deer,  find  ample  shelter.  The  common 
people  pound  their  coal  with  water,  and  bake  it  in  cakes  for 
use.  The  Chinese  islands  are  Formosa,  Hainan,  and  the  isles 
of  Lcoo-kcoo,  between  Formosa  and  Japan.  Their  inhabitants 
form  a civilized  kingdom,  subject  to  China,  and  their  manners 
appear  mild,  affable,  gay.  and  temperate. 

II.  Chinese  Tartary. — Chinese  Tartary.  or  Mongolia,  ex- 
tends over  the  vast  regions  between  Tibet,  China,  and  tbe  Arc- 
tic Ocean ; and  from  the  Black  Sea  to  the  north-eastern  boun- 
daries of  Asia.  That  is  to  say,  from  72°  to  146°  east  longi- 
tude, or  seveuty-three  degrees,  equal  to  3100  geographical 
miles,  taking  the  medial  latitude  at  46°:  and  from  the  Rus- 
sian confines  to  Tibet,  its  breadth  of  IB®  will  gitc  1,060  geo- 
graphical miles.  The  religion  is  called  Shamanism,  or  the 
belief  in  a Supreme  Author  of  nature,  who  governs  the  uni- 
verse by  the  agency  of  onroerous  inferior  spirits ; but  a living 
Lama,  or  embodied  spirit,  is  acknowledged  and  worshipped; 
and  this  Lama  is  a human  being  like  ourselves!  The  princes 
pay  homage  to  the  Chinese  empire ; the  population  amounts 
to  about  six  millions  of  sonls  ; and  the  whole  country  is 
divided  by  the  Chinese  into  the  three  great  governments  of 
Chioyang,  Kiren-oula,andTsitchicar  ; while  the  territory  of  the 
Oclels  or  Kalmucks  comprises  Gete,  Little  Bucharin,  and  the 
countries  of  Turfan.  The  chief  towns  are,  Cashgar,  Yark- 
and, and  Kotan,  iu  Little  Bucharia;  Turfan,  Hami.  Cbami; 
Coucou,  Hotun,  Tsitchikar,  Mcrguen,  Pctouna,  Kirin,  and 
Nigouta.  The  chief  city  of  Corea  is  Kinkatao.  The  chief  trade 
of  these  places  lies  in  pearls,  horses,  mask,  and  furs.  Corea  is 
celebrated  for  the  most  exquisite  horses,  only  three  feet  high. 
A mare  of  this  breed  was  exhibited  in  London,  in  1820.  The 
climate,  in  general,  is  as  mild  as  that  of  France  and  Spain,  and 
the  great  Table  Plain,  extending  from  80°  to  110°  east  longi- 
tude, or  1380  geographical  miles,  is  the  most  singular  feature 


in  the  face  of  the  country.  In  all  Chinese  Tartary  the  pre- 
dominating substance  of  soil  is  black  sand,  and  agriculture 
is  wbully  neglected.  The  chief  rivers  are.  the  Amur  or  Saga- 
lian-Oula  ; the  Yarkand,  and  the  Ili;  the  former  falling  into 
tho  lake  of  Lop,  the  latter  into  that  of  Bulkash  or  Tengis.  The 
mountains  are,  the  Imauan  chain,  or  tbe  Dark  Mountains  of 
Bclur  Tag  ; those  of  the  Russian  frontier,  and  the  mountains 
of  Tibet.  The  island  of  Sagalian.  or  Tchoka,  240  miles  north 
of  Jesso,  is  mountainous  towards  tbe  centre,  but  the  shores 
are  adapted  to  agriculture ; and  the  natives  dress  in  loose 
robes  of  skin,  and  live  in  huts,  a mild  and  intelligent  race,  un- 
like the  Mansburs. 

III.  Tibet. — Tibet  is  about  1350  geographical  miles  long,  and 
480  broad,  extending  from  the  75th  to  the  101st  degree  of  east 
longitude ; and  from  the  27th  to  the  35th  degree  of  north  lati- 
tude. It  is  divided  into  Upper,  Middle,  and  Lower  Tibet; 
the  first  comprising  tbe  province  of  Nagair,  full  of  stupendous 
rocks,  covered  with  eternal  snow ; the  central  region,  embra- 
cing the  provinces  of  Shang.  On,  and  Kiang  ; while  Lower  Tibet 
includes  the  provinces  of  Takbo,  Congbo,  and  Kahang.  The 
religion  of  the  Tibctians  is  closely  allied  with  the  Hindoo  faith ; 
but  differs  essentially  in  its  ceremonies.  For  instance,  the 
Tibetians  assemble  in  temples,  chant  in  alternate  recitative 
and  chorus,  accompanied  by  instruments  of  music ; and  they 
have  numerous  monasteries,  inhabited  by  hosts  of  gglongt  or 
monks,  and  anneet  or  nans.  In  a word,  they  resemble  Use 
Catholics.  The  ruling  government  is  spiritual,  but  a secular 
regent  manages  the  affairs  of  the  balT  million  of  people  who 
inhabit  Tibet.  The  revenue  of  the  Lama,  or  pone,  and  of  the 
secular  princes,  is  trilling.  And  it  is  a remarkable  fact,  that, 
in  regard  to  polygamy  here,  the  women  indulge  themselves 
with  pluralities  of  husbands.  The  chief  city  is  Lassa,  seven 
miles  east  of  which  is  the  palace  of  the  Lama,  nr  p9pe.  Bridges 
of  chain  are  common,  passing  from  precipice  to  precipice.  And 
though  there  is  a great  want  of  industry,  the  shawls  of  Cash- 
mir  are  manufactured  from  the  goats'  hair  of  Tibet.  Tho 
climate  of  Bootan  is  temperate,  compared  with  that  of  Tibet 
Proper,  whose  distinguishing  characteristics  arc  extreme  ari- 
dity and  parching  cold.  And  though  Bootan  be  covered  with 
eternal  verdure,  Tibet  Proper  presents  a peculiarly  naked 
aspect,  indicative  of  rich  ores.  Its  abundance  and  variety  of 
wild  fowl  and  game,  its  flocks  of  sheep  and  goats,  and  herds  of 
cattle,  have  been  noticed  by  all  travellers,  in  all  times.  The 
chief  river  is  the  Sampoo  or  Burrampootcr,  but  many  of  the 
Asiatic  rivers  have  their  sources  in  Tibet,  whose  mountains 
are  the  Alps  of  Asia. 

Japan. — Japan  consists  of  several  islands,  extending  from 
tbe  30th  to  the  41st  degree  of  north  latitude,  and  from  the  131st 
to  tho  142d  degree  of  east  longitude.  The  chief  of  these  islands 
are  Nipon  and  Jesso;  but  the  whole  are  divided  into  provinces 
and  districts,  with  as  much  method  as  tbe  most  civilized 
countries  of  Europe.  The  established  religion  is  polytheism ; 
the  people  abstain  from  animal  food,  and  detest  bloodshed ; 
and  viewing  the  gods  as  beings  dispensing  happiness,  they 
solemnize  their  festivals  and  modes  of  worship  with  cheerful- 
ness and  even  gaiety  ; nor  are  they  without  monks  and  nuns 
of  different  orders,  as  in  Tibet.  The  government  is  monarchi- 
cal, and  each  province  is  ruled  by  a resident  prince,  who,  in 
pledge  of  his  good  administration,  is  obliged  to  leave  his  family 
as  hostages  at  the  emperor's  coart.  And  the  laws  being  few, 
but  rigidly  enforced,  without  regard  to  persons,  partiality,  nr 
violence,  arc  posted  up  in  every  town  and  village-  The  popu- 
lation amounts  to  thirty  millions  of  souls,  and  the  army  to 
500.000  horse  and  foot.  The  revenue  has  been  reckoned  thirty 
millions.  This  highly  civilized  people  use  no  wine  or  spiri- 
tuous liquors,  though  their  food  he  various  and  their  sauces 
numerous.  Their  dress  consists  of  trow sers  and  loose  gown  - 
or  robes  of  silk,  worn  alike  by  both  sexes  ; and  in  their 
games  and  theatrical  amusements  the  Japanese  rival  the  Euro- 
peans. In  varnishing  they  have  no  equals,  and  in  some  or 
their  arts  and  manufactures  they  excel  even  the  British,  the 
Germans,  and  the  Chinese.  The  chief  town,  Jedo,  is  on  the 
south-east  aide  of  Nipon,  and  Miaco,  the  spiritual  capital,  is 
the  second  city  in  the  empire.  The  Dairi,  or  pope,  resides 
here,  and  here  also  all  books  are  printed  from  stereotype 
blocks.  Japan  is  exposed  to  a copious  moisture,  from  the 
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rains  which  fall  from  midsummer  to  autumn,  and  the  fertility 
of  the  country  may  be  attributed  to  this  cause ; tempests,  hur- 
ricanes, and  earthquakes,  ore  common.  Agriculture  is  highly 
esteemed  and  sedulously  cultivated,  even  on  the  mountains 
and  hills  ; and  the  farmer  labours  under  no  restraint  from  tares 
and  tithes.  Rice  is  the  chief  grain  ; but  potatoes,  beans,  pease, 
turnips,  and  cabbages,  abound.  And  the  varnish  and  camphor 
trees,  the  vine  and  the  cedar,  and  the  tea-tree,  are  cultivated. 
Among  the  rivers  and  lakes  described  by  geographers  and 
travellers,  we  may  ('numerate  the  Nogafa,  the  Jedogawa.  the 
Ojlngawa, and  the  Jodo,  as  celebrated  rivers;  and  one  of  the 
chief  lakts  seems  to  be  that  of  Oils.  The  mountains  are 
numerous,  and  intermixed  with  many  sublime  volcanoes,  and 
the  delightful  sacred  mountain  of  .lesan  is  decorated  with  no 
fewer  than  3000  temples.  Among  the  islands  dependent  on 
Japan,  is  Fatfifo,  the  plnce  of  exile  for  disgraced  grandees, 
and  political  offenders,  who  are  spared  capital  punishment,  to 
endure  the  more  severe  chastisement  of  perpetual  banishment. 

The  Birman  Empire. — The  llirman  Empire  includes  the 
space  between  the  tlth  and  28th  degrees  of  north  latitude,  and 
between  the  92d  and  107th  degrees  of  longitude  east  of  Green- 
wich; about  10*20  geographical  miles  in  length,  and  900  in 
breadth.  The  population  amounts  to  seventeen  millions  ; the 
government  is  despotic ; and  a nobleman  is  distinguished  by 
the  number  of  chains,  three,  six,  nine,  or  twelve,  around  his 
neck.  The  religion  is  that  of  Brahma,  belief  in  the  transmi- 
gration of  souls,  and  eternal  happiness  in  Mount-Mem.  Their 
navy  resembles  the  Roman  galleys;  and  their  army  is  inron- 
giderahle.  though  every  male  is  liable  to  military  service.  The 
Birmans  are  lively,  irascible,  and  impatient;  their  women  arc 
laborious ; hence  infidelity,  the  offspring  of  idleness,  is  rarely 
known  among  them.  The  great  alone  arc  educated,  the  poor 
are  totally  neglected.  The  chief  eitirs  are.  Ava.  the  ancient 
capital;  Cmmcrapoora,  the  new  capital,  resembles  Venice  in 
its  spires,  turrets,  aud  obelisks.  It  is  built  on  the  eastern  side 
of  a great  river  that  Hows  into  the  Irrawndv.  amidst  numerous 
islets.  Pegu  is  known  chiefly  by  the  temples  which  Alnmpra 
spared  when  he  razed  the  city  in  1767.  The  Shonmdno,  an 
extraordinary  building  of  Pegu,  is  361  feet  high,  surmounted 
by  the  sacied  umbrella,  fifty -six  feet  in  circumference,  and 
said  to  have  been  erected  500  years  before  Christ.  Rangoon, 
the  chief  sea-port,  contains  30,000  souls ; Promo  is  celebrated 
as  the  scene  of  many  sieges;  and  Aracan,  (Juantimg,  Bamoo. 
Munnipora.  and  Monchaboo,  are  considerable  places.  The 
inland  navigation  is  most  ample,  from  the  numerous  rivers  and 
streams.  The  Birmans  excel  in  gilding,  and  in  rnrving  marble 
divinities.  The  seasons  arc  regular,  the  climate  salubrious, 
and  the  people  vigorous  and  healthful.  The  chief  rivers  are. 
the  Irrawadv.  which  joins  the  sea  by  many  mouths  ; the  Keen- 
Dunn,  the  Sitang.  and  the  Thaluan.  And  the  mountains  are 
those  on  the  frontiers  of  Tibet,  the  range  of  Anoupec,  between 
Ava  and  Aracan.  The  forests  are  large  and  numerous,  and 
covered  with  everlasting  verdure.  The  teak-tree  flourishes  as 
lord  of  the  wood,  in  majesty  of  form  and  amplitude  of  growth. 
While  in  comparison  of  the  Birman,  our  forests  sink  into  vege- 
tables of  an  inferior  order,  their  shrubs  and  plants  in  their  blos- 
soms and  fruits,  by  their  brilliant  colours  and  aromatic  fra- 
grance, reduce  to  relative  insignificance  the  boasted  produce 
of  Italian  summers. 

Aracan. — In  Aracan,  the  elimate  is  pure,  the  plains  fertile, 
and  the  valleys  present  numerous  flocks  of  cattle;  hut  the 
natives  arc  averse  to  commerce  and  a maritime  life.  The  Ara- 
eans  will  eat  rats,  mice,  and  serpents ; and  fish.  to  provoke 
the  palate,  must  be  out  of  season.  The  monarch  lives  in  soli- 
tnde  and  luxury  with  his  queen  and  harem,  which  he  thinks 
enriched  by  a concubine  from  Jangoma,  a small  kingdom  in 
the  vicinity  of  the  Birman  empire,  and  on  the  north  of  Siam. 
Hut  the  women  of  Jangoma  arc  famed  in  all  the  east  for  their 
gallantry  and  beauty.  The  temples  resemble  pyramids,  and 
there  are  three  orders  of  priests,  living  in  perpetual  celibacy. 

Malaya,  or  Malacca. — Malaya  is  an  extensive  peninsula 
appended  to  the  Birman  territories,  and  divided  into  the 
kingdom  of  Patani  in  the  north,  and  that  of  Johor  in  the  south  ; 
the  chief  towns  being  Hatusubar,  the  capital,  Linga,  Bintnm, 
and  Carimon.  Malacca  is  660  miles  long  and  150  broad;  the 
inhabitants  are  indolent  to  agricultural  pursuits,  but  rcstlcsj 


for  war,  plunder,  emigrations,  and  affairs  of  gallantry ; and 
the  Malayan  history  is  full  of  desperate  enterprises,  that  suffi- 
ciently characterize  the  ferocity  of  these  Mahommcdan  bar- 
barians. The  peninsula  of  Malaya  abounds  in  forests,  stocked 
with  ahumlanee  of  wild  elephants,  whose  teeth  become  a con- 
siderable article  in  the  commerce  of  the  natives  with  the  Dutch 
and  Portuguese.  Opposite  Mai  area  are  the  islands  of  Anda- 
man and  Nicobar,  Whose  inhabitants  are  the  most  savage  iu 
the  world;  but  they  may  profit  by  the  example  of  British 
industry,  as  a colony  lias  been  formed  on  the  gie.itcr  Andaman 
for  convicts  from  Bengal. 

j Siam. — Siam.  700  miles  long,  and  70  miles  in  medial  breadth, 
i is  a rich  and  flourishing  kingdom.  The  religion  resembles 
| that  of  the  Hindoos;  the  government  is  despotic;  the  laws 
severe;  the  people  amount  to  eight  millions;  the  army  00,000, 

! with  4011O  elephants  ; the  navy  is  numerous,  though  the  vessels 
| are  mere  galleys;  and  there  is  a royal  treasury,  but  its 
I revenue  is  unknown  to  Europeans.  The  whole  country  is  a 
I wide  vale  between  two  ridges  of  hills,  and  would  be  a terres- 
j trial  paradise,  were  it  not  subject  to  an  absurd  despotism,  that 
cramps  industry,  and  would  annihilate  agriculture,  did  not  vege- 
: tntioii  thrive  in  spite  of  the  worst  of  governments.  The 
Siamese  are  small  of  stature,  but  well  made  ; and  their  feed- 
I ing  on  rats,  mice,  lizards,  and  several  kinds  of  insects  which 
wo  loathe,  but  ill  accords  with  their  religion,  and  the  products 
of  a country  which  exports  prodigious  quantities  of  grain.  In 
all  works  of  industry  the  women  are  employed,  while  the  men 
j pass  away  their  time  at  theatrical  amusements,  races  of  oxen. 

1 combats  of  elephants,  cock-fighting,  tumbling,  wrestling,  rope- 
! dancing,  and  exhibitions  of  fireworks. 

Lao*.  Cambodia.  Siampa,  Cochin-China,  Tunquin.— Laos, 
though  surrounded  by  forests  anil  deserts,  is  fertile  in  rice, 
and  furnishes  the  merchants  of  Cambodia  with  excellent  ben- 
I zoin  and  laeca,  mu»k  and  rubies,  gold  and  pearls  ; and  the 
I people,  in  their  religion  and  manners,  resemble  the  Siamese. 
Camb-  dia  is  thinly  peopled  ; the  capital,  Cambaja,  is  a mere 
village  of  one  street,  with  a single  temple  ; and  though  the 
! country  is  fertile  in  rice  and  animat  food,  and  abound*  in  ivory 
and  precious  woods,  the  most  peculiar  product  is  gamboge 
i gum,  well  known  to  artists  for  its  fine  yellow  colour.  Siampa 
1 is  a small  maritime  country,  south-east  of  Cambodia,  and  its 
prince  is  tributary  to  Cochin-China.  Cochin-China  piescnts 
an  extensive  range  of  sea-coast,  aud  is  divided  into  distinct 
provinces.  Both  sexes  dress  alike,  in  loose  robes,  with  large 
long  sleeves,  cotton  tunics  and  trowsers,  with  a turban  on  the 
head,  but  they  walk  barefooted;  yet  the  Chinese  display  not 
more  politeness  than  the  Coehinians.  Tunquin,  divided  from 
Cochin-China  by  a small  river,  resembles,  in  its  people,  terri- 
torv,  and  products,  the  Chinese  empire.  In  the  gulf  of  Tun- 
| quin,  tujfont  are  frequent  and  tremendous.  They  are  preceded 
by  very  fine  Weather,  n presaging  cloud  appears  in  the  north- 
cast.  black  near  the  horizon,  edged  with  copper  colour  on  the 
upper  part,  fading  into  a glaring  white.  It  often  exhibits  it 
ghastly  appearance  twelve  hours  before  it  bursts:  its  rage  lasla 
many  hours  from  the  north-cast,  attended  with  dreadful  claps 
of  thunder,  large  and  frequent  flashes  of  lightning,  ami  exces- 
sive hard  rains,  when  it  sinks  into  a dead  calm:  after  which, 
it  begins  again  with  redoubled  rage  from  the  south-west,  and 
continues  an  eqnal  length  of  time. 

Hindostan. — Hindustan  extends  from  about  ilie  8th  to  the 35th 
degree  of  north  latitude,  or  10*20 geographical  mile*,  and  from  the 
66th  to  the  92d  degree  of  east  longitude,  or  1400  geographical 
miles.  The  population  of  this  extensive  portion  of  Asia  is  com- 
puted at  00,000,000 ; and  the  religion  is  poly  theism  ; for  the  doc- 
trine of  the  Hrnmins,  or  priests,  tenches  belief  in  a supreme  Crea- 
tor, too  ineffable  and  sublime  for  human  adoration,  which  is, 
therefore,  addressed  to  inferior,  but  great  and  powerful  div  ini  tics . 
This  superstition  inculcates  four  casts  or  orders  of  the  people  : 
1.  The  hrainin  (priest)  from  the  ninuth  (wisdom)  of  Brahma, 
(the  supreme  :)  hence,  the  priests  are  supreme;— 2.  The  rheh- 
terer,  from  the  arms,  (strength  :)  to  draw  the  bow.  to  fight,  to 
govern  : hence,  governors,  soldiers,  &r.  a middle  class it. 
The  brier,  from  the  belly  and  thighs  (nourishment;)  to  provide 
. the  necessaries  of  life  by  agriculture  and  traffic:  hence  farmer*. 
[ merchants,  Ike. — 4.  The  sooder,  from  the  feet,  (subjection;)  to 
j labour,  to  serve:  hence,  the  slaves,  or  day-labourers,  Stc.  Ttic 
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Hindoos  believe  in  the  transmigration  of  the  soul,  and  there-  ] 
fore  abstain  from  animal  food,  yet  no  where  on  earth  are  fana-  , 
tieal  penances,  suicides,  and  superstitious  frenzies,  so  common. 
They  excel  in  the  manufacture  of  cotton  goods,  of  metals  and 
ivory,  and  shawls  of  Cashmir.  The  loom  in  which  cotton 
cloths,  or  shawls,  are  woven,  is  a moveable  frame,  reared  with 
the  rising  sun,  beneath  some  shady  trees,  and  transported  to 
its  owner’s  dwelling  when  the  shades  of  night  begin  to  leave 
the  warp  and  the  woof  alike  umlistinguisbable  to  the  crafts- 
men. The  native  products  are  rice,  sugar,  spices,  aromatics, 
drugs,  and  precious  stones.  The  climate  is  diversified  by  local 
situation,  ns  is  also  the  aspect  of  this  wide  and  extensive 
country;  but  the  periodical  rains  and  intense  heats  produce 
luxuriance  of  vegetation  elsewhere  unknown,  and  none  can  be 
an  indifferent  spectator  of  the  variety  and  richness  of  the  vege- 
table kingdom  of  llindostan.  But  then  the  soil  is  in  many 
places  a black  mould  four  feet  deep.  The  chief  rivers  are  the 
Ganges  and  the  Indus,  the  Burrnmpootcr.  the  Siuric,  and  the 
Kistna,  or  sacred  stream.  The  lakes  arc  few,  and  consist 
chiefly  of  Colair,  twelve  miles  north  of  Masulipatam  ; Chilka, 
a salt  creek,  communicating  with  the  sea,  as  is  also  Pulicat ; 
and  Cashmir,  supposed  originally  to  have  been  a largo  lake, 
still  boasts  the  Oullar.  or  Tall,  fifty-three  miles  in  circuit.  The 
chief  mountains  are,  the  southern  Tibctian  Alps,  shrouded  in 
etefr.al  snow,  and  hence  called  tbc  Hr  remain  ; and  the  Gauts 
of  Hindostan.  Few  maps  can  be  relied  on  respecting  the 
mountains  of  Hindostan  ; for  in  many  instances  tbc  most  recent 
are  copied  from  the  antiquated  conjectures  of  D'Anville.  The 
forests  of  llindostan  arc  large  and  exuberant  of  vegetation ; 
but  the  loftiest  tree  is  the  palm.  The  cucoanut  tree  the  most 
widely  diffused ; the  cotton-lrce.  the  banyan,  tbc  teak-tree,  and 
the  tamarind,  with  a numerous  botanical  collection,  which  we 
forbear  to  mention.  The  countries  on  the  Gauges  are  the  pro- 
vinces of  Bengal.  Bahar.  Allahabad,  Oude,  Agra,  with  part  of 
Delhi  and  Agimere,  and  of  Malwa  in  the  south,  once  the  chosen 
seats  of  the  Mogul  power.  Bengal,  Bahar,  with  Benares,  and 
some  other  districts  to  the  w est,  are  in  the  possession  of  the 
British.  This  extent  of  territory  is  not  very  exactly  defined, 
and  the  population  is,  perhaps,  not  accurately  estimated  at 

11,000,000  of  black  subjects.  The  clear  revenue  has  been  given 
at  one  million  and  a half;  yet  the  Bast  India  Company  has 
not  becti'able  to  go  on  without  parliamentary  interference;  and 
government  has  a Board  of  Control  to  watch  over  the  Com- 
pany’s proceedings.  The  government  of  Bengal  is  vested  in  a 
governor-general,  who  controls  also  the  inferior  governments 
of  Madras  on  the  east,  and  Bombay  on  the  west,  with  Ben- 
roolen  in  the  island  of  Sumatra.  The  British  army,  supported 
by  the  native  infantry  and  cavalry,  is  now  numerous;  though 
the  battle  of  Plasset,  which  established  us  in  India,  in  1757, 
vrus  won  by  the  invincible  army  of  DUO  Europeans;  or  in  the 
ratio  of  1 British  soldier  to  11  $ Hindoos.  The  chief  cities  nrr, 
Calcutta,  the  grand  capital  of  British  Asia  ; Patna,  the  capi- 
tal of  Bahar,  400  miles  north-west  of  Calcutta ; Benares,  on 
the  northern  bank  of  the  Ganges,  and  400 miles  from  Calcutta; 
Allahabad  is  the  ancient,  and  Lucknou  the  present,  capital  of 
Oude  ; Agra,  Delhi,  and  Agimere.  The  countries  on  the  river 
Sindeh.  or  Indus,  arc  part  of  the  provinces  of  Delhi  and  Agi- 
mere, the  provinces  of  Mooltan.  Lahore.  Cashmir,  Cahul.  Can- 
dabar,  and  Sindi,  at  the  mouth  of  the  Indus.  The  chief  cities 
arc.  Lahore.  Cashmir,  Cahul,  Ghisni,  Candahar,  Moulton,  and 
Tatta.  Lahore  is  the  capital  of  thr  Sriks,  a new  religious  sect. 
Cashmir  is  a filthy  place,  though  the  adjacent  country  is  a deli- 
cious vale.  The  central  division  of  Hindostan  comprehends  the 
province  of  Orissa,  with  part  of  Golconda.  llernr,  Dnwlahabad, 
Candeish,  Guzernt,  and  some  other  districts  of  inferior  note. 
The  Sircars.  British  provinces,  skirt  tbc  eastern  shore.  The  chief 
towns  are,  Amedahed,  the  capital  of  Guxerat.  and  Cambay,  its 
sea  port ; Surat,  whose  inhabitants  are  chiefly  Moors,  Persians, 
Monguls,  and  Turks;  Bombay,  situated  on  a small  but  well 
fortified  island,  with  the  isles  of  Salfatte,  and  Klephantu  ; Bur- 
huinpour,  Nagpour.  Poona,  Masulipatam,  and  Aurangabad, 
oner  the  capital  of  the  Deccan.  The  southern  division  of 
Hindostan  is  called  the  Deccan,  extending  from  the  latitude 
of  Bombay,  or  1 degrees  north,  to  the  southern  point  of  Cape 
Comorin.  This  part  of  India  nearly  contains  the  w hole  pro- 
vince of  Visiapour,  part  of  Golconda,  tho  crntral  kingdom  of 


Mysore,  the  long  eastern  province  of  Carnadu,  or  the  Carnatic, 
the  principalities  of  Tanjore,  Travancore.  and  (be  Samorins  of 
Calicut,  the  pepper-ooast  of  Canara,  and  other  districts  of 
minor  note,  with  the  island  of  Ceylon.  In  the  Dcrcan  the 
British  power  and  influence  are  amazingly  extensive;  for, 
besides  Madras,  and  its  adjacent  territory,  (he  possessions  of 
the  East  India  Company  in  the  south  of  Hindostan,  yield  only 
in  extent  to  those  of  the  nor  th  on  the  Gauges.  The  chief  cities 
are,  Seringapatam,  Salem,  and  Allore.  in  the  east : Dindigul, 
Coimbctore,  and  Palicaud,  on  the  south  ; Paniany,  Ferokabad, 
and  Calicut,  on  the  western  side;  and  on  ihc  north.  Tdlichcrri, 
Mangalore,  and  Carwar.  Arcot  is  the  capital  of  the  Carnatic,  or 
of  Carnada.  Tranquebar  is  a Danish  settlement  in  Tonjorc  ; 
Pondicherri  was  originally  a French  settlement.  Vasco  de 
Gama  died  at  Cochin,  on  the  Malabar  const,  in  1525;  and  Goa 
is  the  noted  seat  of  Ihc  horrihic  inquisition.  Ceylon  is  about 
the  size  of  Ireland,  or  360  by  160  miles  ; and  is  important 
chiefly  in  a commercial  view,  from  its  cclcbraled  cinnamon 
and  gums.  The  religion  is  the  ancient  worship  of  Boodh.  The 
population  is  not  numerous,  nod  the  Ceylonese  allow  to  the 
women  a polygamy  of  the  mules,  as  in  Tibet.  The  principal 
towns  arc,  Rantli  in  the  heart  of  the  island,  Colombo,  and 
Trincomali,  celebrated  chiefly  for  its  harbour.  The  air  is  cool 
and  salubrious,  and  the  mountainous  districts,  in  the  centre  of 
the  island,  urc  covered  with  prodigious  forests,  stocked  with 
aromatic  trees,  and  the  most  odoriferous  plants.  The  soil  of 
tire  vales  is  rich,  fertile  in  rice  and  useful  vegetables ; and 
numerous  pleasant  rivers,  and  delightful  streams,  diversify 
| this  isolated  paradise,  swarming  with  peacock*  and  other 
elegant  birds.  The  Mahomnicdans  believe  Ccvlon  to  have 
been  the  residence  of  Adum.  The  Laccadive  and  Maldive  isles 
arc  near  the  coast  of  Hindostan.  The  latter,  more  than  1900 
in  number,  arc  governed  by  a chief,  called  Atoll,  and  produce 
cowrie-shells,  cocoa-nuts,  and  fish : the  former,  thirty  in 
number,  trade  in  cocoa-nuts,  fish,  and  ambergris. 

Persia. — Persia  may  be  considered  as  dividrd  into  the  eastern 
and  western  empires,  and  the  independent  provinces,  near  the 
Caspian  sea.  From  cast  to  west  its  length  is  about  1*300  miles, 
and  1000  broad  from  north  to  south.  The  population  is  about 

10.000. 000,  of  which  6,000.000  are  assigned  to  the  western,  and 

4.000. 000  to  the  eastern  empire.  The  religion  is  the  Mohamme- 
dan, but  there  are  still  some  Parsecs,  or  worshippers  of  fire,  near 
Baku,  and  at  a place  called  Gusherahad,  near  Ispahan,  The 
government  is  despotic,  hut  its  administration  in  Pandebar, 
the  eastern  empire,  is  cxlrcmclv  mild.  The  revenue  is  esti- 
mated at  3,000,000/.  sterling.  The  provinces  arc,  Georgia. 
Erivan,  Aderbijan,  Ghilan.  Mazcndran,  Irac-Ajcmi,  Cbosistan, 
Pars,  or  Persia  Proper,  Kerman,  Lnristan,  Mckran,  Scgistan. 
Corasan  ; Balk  and  Great  Hncharia  belong  rather  to  Inde- 
pendent Tartary.  Persia  Is  destitute  of  a navy,  though  enjoy- 
ing a great  extent  of  sea-coast ; and  the  maritime  commerce  is 
chiefly  in  the  bands  of  foreigners,  because  the  natives  love 
rather  to  attend  to  their  studs  of  horses,  and  the  diversions  of 
the  chase,  than  to  improve  their  own  property,  or  to  promote 
the  prosperity  of  their  country.  The  Persians  are  polite, 
hospitable,  wrise.  and  sugaeious ; the  men  strong  and  robust, 
remarkable  for  cleanliness,  hut  subject  to  disorders  of  the  eyes. 
The  women  are  very  beautiful ; nod  amidst  their  abject  super- 
stitions we  notice  chiefly  astrology,  that  proud  sophistry,  which 
links  the  momentary  existence  of  man  with  the  eternal  law's  of 
far  distant  suns  and  worlds.  The  chief  cities  are,  Ispahan, 
the  capital;  Huraz,  celebrated  for  its  delicious  climate,  and 
the  exquisite  salubrity  of  its  atmosphere,  perfumed  by  numer- 
ous fragrant  (lowers,  and  filled  with  the  divine  notes  of  the 
bulbul,  or  oriental  nightingale.  Tiflis.  the  capital  of  Georgia, 
is  famous  for  its  hot  springs,  and  trude  in  furs  ; Derbent,  on 
the  Caspian  sea.  is  productive  of  excellent  grapes ; Erivan, 
the  capital  of  Persian  Armenia,  is  not  far  from  Mount  Ararat ; 
Tanriz,  in  Aderbijan.  is  noted  for  its  bazaars  ; and  Kmht  and 
.Sari  arc  the  capitals  of  the  Caspian  provinces,  Ghilan  and 
Mazcndran.  Persia  is  famed  for  its  carpets,  its  embroidery, 
porcelain,  leather,  sabres,  silk,  and  hows,  the  trustiest  in  all 
the  cast.  The  climate  is  diversified,  but  excellent  for  thu 
human  constitution.  The  most  singular  feature  in  the  face  o 
the  country,  is  its  grand  division  into  two  parts,  by  mountains 
and  deserts ; and  bcncc,  though  the  northern  provinces  arc 
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rich  and  fertile,  those  of  the  sooth,  and  even  the  centre,  are 
unfertile,  without  extreme  care  to  urination.  The  chief  rivers 
are,  the  Euphrates  and  the  Tigris,  the  llivrud  and  the  Gihon, 
the  Zeuderud,  which  passes  by  Ispahan,  and  the  Bundamir, 
between  Shires  and  lskakar.  The  principal  lakes  are  those  of 
Zcr6,  or  Durra,  in  Scgistan;  the  salt  lake  of  Baktrgan,  fifty 
miles  east  of  Shires,  lakes  Urmia  and  Erivan.  And  the  moun- 
tains most  deserving  of  notice  are,  the  Caucasus,  to  the  west 
of  Ghilan.  and  the  south  of  Mazcndran ; the  Persian  Gulf  chain ; 
the  grandest  range  is  south  of  lake  Urmia,  where  it  is  joined 
to  the  Caucasus ; Mount-Ararat ; Hetsardara,  or  the  thousand 
mountains.  The  forests  of  Persia  abound  with  deer,  hears, 
boars,  lions,  tigers,  and  antelopes;  the  mountains  with  wild 
goats;  the  numerous  wastes  swarm  with  hares,  wild  asses, 
and  h> senas;  and  the  flocks  of  large-tailed  sheep  augment  in 
Erivan.  The  partridges  are  large  and  plentiful,  and  the 
pigeons  excellent.  Among  the  natural  curiosities  of  Persia, 
the  most  remarkable  is  the  inflammable  naphtha,  or  pure  rock- 
oil,  found  in  the  neighbourhood  of  Baku,  on  the  western  coast 
of  the  Caspian  sea.  Ormus  is  the  most  - noted  of  the  Persian 
isles,  though  it  be  now  abandoned ; and  famous  chiefly  for  its 
salt,  which  is  collected  on  the  rocks,  from  the  spray  of  the 
sea,  in  a fit  state  for  the  table.  Gombroon,  or  Kishnta,  and 
Karek.  are  ports  of  some  importance  in  the  Persian  Gulf. 

Independent  Tartary.— This  singular  region  extends  from 
the  Caspian  sea  to  the  mountains  of  Belur,  or  970  miles  east 
mid  west;  and  from  the  mountains  of  Gaur  in  the  south,  to  the 
Kussian  boundaries,  on  the  north  of  the  desert  of  Issira,  or 
about  1500  miles.  The  chief  divisions  are,  the  barren  plains 
in  the  north,  inhabited  by  the  several  hordes  of  Kirguses,  called 
ancieotly  l'urkistan ; Ilak  and  Shash,  the  most  northern  pro- 
vinces on  the  Sibon,  are  on  the  south  of  the  Argun  mountains; 
Fregana  and  Orushna,  with  the  kingdom  of  Kharizm ; south  of 
the  Ak-Tau,  or  white  mountains,  are  the  fertile  provinces  of 
Sogd,  Balk,  Kilau,  Tokarestan,  and  Gaur.  The  chief  towns 
are,  Cashgar  and  Yarcaud.  Axu  and  Yulduz,  or  Rarashar, 
(the  black  city  ;)  Turfan,  and  Hami,  or  Camil.  The  prevailing 
religion  is  the  Mahommcdan.  The  inhabitants  are  polite  and 
benevolent  Kirguses,  about  half  a million  of  souls,  Buchanans 
and  Kalmuck  Tartars, expert  in  the  lance, the  sabre,  and  the  how. 
The  desert  of  Issim  divides  the  Kirguses  from  Siberia ; and  the 
three  great  hordes  of  these  people  live  in  tents,  leading  a 
wandering  life,  regarding  each  other  as  brethren,  rearing  vast 
herds  of  cattle  and  horses,  and  delighting  in  the  chase  of 
wolves,  foxes,  badgers,  antelopes,  wild  asses,  chamois,  and 
tigers.  The  Kirgusians  trade  with  Russia,  supplying  annually 
150,000  sheep,  vast  troops  of  horses,  and  abundance  of  wool ; 
and  in  exchange  they  receive  clothes  and  furniture,  and  from 
Bucbaria  arms  and  coats  of  mail.— Khanrizm,  a province  of 
independent  Tartary.  extends  from  the  Gihor  to  the  Caspian 
sea,  about  350  miles  long,  by  as  many  broad;  its  chief  town  is 
Khiva.  Khiva  is  seventeen  days’ journey  from  the  Caspian 
sea,  and  thirty-three  from  Orenburg.  The  coasts  of  the  Cas- 
pian arc  held  by  Turkomans  in  the  north,  and  Uzbeks  in  the 
south.— Great  Bucharia,  the  most  important  part  of  Indepen- 
dent Tartary,  extends  700  miles  in  length  from  north  to  south, 
and  350  miles  in  breadth  from  east  to  west  The  mountains 
of  Argun  bound  it  on  the  north,  tbe  river  Armu  on  the  west, 
and  on  tbe  south  and  cast,  the  mountains  of  Gaur  and  Belur. 
The  religion  is  the  Mahommedan ; the  government  is  despotic  ; 
and  the  Uzbeks  and  Buchanans  arc  the  most  spirited  and 
industrious,  amidst  surrounding  barbarians.  But  the  Bucha- 
nans never  bear  arms,  though  the  women  of  the  Uzbecks.  sur- 
passing those  of  the  other  Tartars  in  beauty,  fail  not  to  follow 
their  lords  to  the  field  of  battle.  The  provinces  of  Great 
Bucbaria  are.  Fergaoa,  Andegan,  Sogd,  Kottan  and  Kilan, 
Tokarestan,  and  Gaur.  And  the  chief  cities  are.  Samarkand. 
Bokhara,  Balk,  Zouf,  or  Gaur,  Badakshan,  and  Kotlan.  Sa- 
markand was  famous  for  its  manufacture  of  silk  paper,  as  early 
aj  A.D.  650;  Bokhara,  for  its  fine  linen,  was  distinguished  even 
in  the  tenth  century  ; Balk,  for  its  beautiful  silks ; Gaur,  for 
its  rich  quarries  of  lapis  lazuli ; aud  Badakshan,  included  in 
the  Belur- Alps,  w as  used  as  a state-prison,  for  rivals,  or  insur- 
gents. against  the  khan  of  Great  Bucharia.  Situated  in  the 
parallel  of  Spain  and  Greece,  the  climate  of  Bocharia  is  excel- 
lent. The  soil  adjacent  to  the  rivers  is  fertile,  but  neglected. 


The  chief  rivers  are,  the  Arrau,  and  Sirr.  or  Shash  ; the  island 
seas  are  the  seas  of  Aral  aud  Baikal,  ami  the  lakes  ate  those  of 
Tengis  and  Balkash ; and  the  chief  mountains  are  those  of 
Belur,  of  Gaur,  the  Hindoo-Kob,  of  Argun,  of  Kara-Tau.  and 
Ak-Tau.  Ebu  Haukal  says,  all  tbe  families  of  Independent 
Tartary  are  but  one  bouse ; and.  in  Sogd.  he  saw  a great 
building,  whose  doors  were  fastened  back  with  nails  against 
the  walls,  continuing  thus  open  night  and  day,  for  above  100 
years,  that  strangers,  who  should  arrive  at  the  most  unseason- 
able hoars,  might  find  no  obstacle  to  enter,  and  receive  every 
tiling  necessary  both  for  man  and  beast. 

Arabia. — Arabia,  bounded  by  the  Red  Sea,  the  Indian  Ocean, 
and  the  Persian  Gulf,  on  the  west,  south,  and  cast,  and  on  tbe 
north  by  the  Mediterranean  and  Palestine,  is  about  1800  miles 
from  north  to  south,  and  800  broad.  The  centre  of  Arabia  is 
a vast  desert.  Tbe  provinces  situated  on  the  sea-coast  are 
fertile  in  millet,  barley,  beans,  lentils,  rape,  sugar-cane,  tobacco, 
cotton,  valuable  spices,  pomegranates,  melons,  and  coffee.  Tbe 
religion  is  tbe  Mahommedan,  hut  a new  sect,  called  Wahabees, 
has  made  considerable  progress.  This  sect  has  derived  its 
name  from  one  Abdul  Waheb,  a sheik,  or  imam,  in  tbe  pro- 
vince of  El-Ared.  A sheik  (old  man)  is  a governor  of  a pro- 
vince, and  an  imam  (vicar)  is  an  ecclesiastical  ruler,  as  the 
twelve  imams,  the  genuine  successors  of  Mahomet,  in  Persia. 
In  Arabia,  an  imam  is  a calif,  or  prince  of  the  faithful.  The 
Arabians  are  polite  and  hospitable,  temperate  in  eating,  and 
abstemious  of  w ine.  Tbe  women  dye  their  nails  of  a scarlet 
colour,  their  feet  and  hands  of  a yellowish  brown,  and  no  art 
is  left  unemployed  to  make  the  eye-brows  large  and  black. 
Many  of  the  poorest  people  read  and  write,  as  education  is 
attended  to  very  generally,  aud  the  chief  cities  arc  celebrated 
for  colleges  anil  academies.  Tbe  holy  cities  arc  Mecca  and 
Medina.  Gedda,  a sea-port,  forty  miles  distant  from  Mecca, 
was  famous  in  ancient  times,  when  the  markets  of  Saana  and 
Merab,  and  the  harbours  of  Oman  and  Aden,  received  tbe 
precious  cargoes  of  aromatics  brought  thither  by  the  hardy 
camels  of  the  Korcishitcs.  Now,  Mecca,  tbe  birth-place  of 
Mahomet,  is  governed  by  a shcrif.  who  is  a temporal  prince; 
and  Medina,  200  miles  north  of  Mecca,  contains  the  tomb  of 
the  prophet.  Sana,  in  Yemen,  at  the  foot  of  a mountain 
called  Nikkum,  about  four  miles  in  circuit,  is  now  the  chief 
city  of  Arabia.  Mocha  is  noted  for  its  having  one  glass-house. 
The  chief  rivers  arc,  the  Euphrates  and  the  Tigris,  flowing 
through  Irak-Arubia;  and  the  chief  range  of  mountains  pro- 
ceeds in  the  direction  of  the  Red  Sea,  w hile  the  hills  of  Omon 
arc  merely  a continuation  of  those  on  the  other  side  of  the 
Persian  Gulf.  Mount-Sinai  is  in  Arabia-Pelrtea  ; and  in  the 
country  of  Seger  there  is  a range  of  hills  famous  for  producing 
frankincense.  The  horses  of  Arabia  have  long  been  celebrated  ; 
and  tbe  Kochlnni  breed  are  direct  from  tbe  stalls  of  Solomon. 
But  tbe  chief  animal  is  tbe  camel,  the  ship  of  tbe  desert.  And 
the  woods  of  Yemen  abound  in  numerous  monkeys  ; the  jer- 
boa, or  rat  of  Pharaoh,  is  found  in  Neget;  and  wherever  the 
mountains  originate  springs,  to  scatter  verdure  and  fragrance, 
the  antelope  is  there;  aud  the  wild  oxen,  wolves,  foxes,  and 
boars,  pasture  the  w oods,  or  prey  on  their  inmates.  The  islands 
belonging  to  Arabia,  are  Socotra,  in  the  Arabian  Gulf,  or  Red 
Sea,  about  240  miles  from  the  southern  coast,  and  celebrated 
for  its  aloes  ; and  the  isle  of  Bahrin,  in  the  Persian  Gulf,  noted 
for  its  productive  pearl  fishery. 

The  Asiatic  Islands. — These  islands  comprise  those  of  the 
oriental  archipelago;  Australasia,  and  Polynesia.  In  tbe 
archipelago  arc  the  islands  of  Sunda,  or  the  Sumatran  chain, 
comprising  Sumatra,  Java,  Balli,  Lombok,  Sumbava.  Flores, 
and  Timor.  Sumatra,  050  miles  long,  and  200  broad,  has  an 
English  settlement  at  Bcncootcn.  Though  frost,  snow,  and 
hail,  be  unknown,  the  inland  inhabitants  of  the  mountainous 
districts  use  fire  to  dispel  the  cold  ; for  true  it  is  that  a man 
may  bo  frozen  to  death  in  tbe  torrid  zone.  Bat  these  inland 
races  are  savages,  covered  with  red  hair,  and  little  superior  to 
the  orang-outangs  of  Borneo.  The  elephant,  the  rhinoceros, 
the  hippopotamus,  the  tiger,  the  bear,  the  otter,  the  porcupine, 
the  wild  hog,  and  the  civet  cat ; herds  of  deer  and  troops  of 
monkeys;  wild  poultry,  the  Argus  pheasant,  and  swarms  of 
destructive  termites,  comprise  part  of  its  zoology.  Java,  G5G 
miles  long  by  1U0  broad,  is  well  known  for  its  butch  capital. 
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Batavia,  which  is,  in  fact,  the  metropolis  of  the  eastern  archi- 
pelago. But  Java  is  an  uubealthy  place,  and  “of  three  settlers 
it  is  rare  that  one  outlives  the  year;"  yet,  to  Batavia,  Euro- 
peans and  Chinese  resort,  the  latter  being  contented,  for  the 
sake  of  gain,  to  forget  the  tombs  of  their  ancestors,  and  the 
laws  of  Confucius,  which  interdict  emigration.  Balli  furnishes 
slaves  and  cotton,  the  others  spices  ; and  the  people  of  Timor 
are  the  bravest  of  these  Oriental  islanders. — Borneo,  except 
New  Holland,  is  the  largest  island  in  the  world,  being  900 
miles  in  length,  by  600  in  breadth.  The  coasts  arc  possessed 
by  Mnlays,  Moors,  Macassars,  from  Celebes,  and  even  Japa- 
nese. The  natives  in  the  interior  are  blacks,  called  Biajos, 
with  lanky  hair,  of  middle  size,  feeble,  and  inactive.  Thou- 
sands of  ouranp-outangs  arc  seen  amidst  tho  swamps  and 
forests  of  this  island.  A knight  of  Borneo  is  known  by  his 
string  of  tigers’  teeth,  a chief  of  a tribe  by  having  two 
of  his  front  teeth  replaced  by  two  gold  teeth.  The  capital  of 
the  island  consists  of  3000  bouses  built  on  posts,  fixed  in 
rafts,  which  aro  moored  to  the  shore,  and  may  be  moved 
from  placo  to  place,  according  to  the  convenience  or  the 
caprice  of  the  owners.  The  Manillas,  or  Pliillippine  islands, 
occupy  a space  of  20°  of  latitude,  in  the  longitude  of 
ItJOP  and  130"  cast  of  Greenwich ; and  form  a north-eastern 
frontier  to  the  island  of  Borneo.  Luzon,  the  largest  of  these 
islands,  is  500  miles  long,  and  100  broad;  and  its  chief  city, 
Manilla,  boasts  a population  of  12.000  Christians,  mostly  Spa- 
niards. For  it  was  between  this  island  and  Acapulco,  that 
the  Spanish  galleons  carried  on  their  celebrated  commerce, 
through  a space  of  8,400  miles  of  the  ocean. — Mindanao  is 
mountainous,  but  the  vales  are  rich,  being  watered  by  {numer- 
ous crystalline  rivulets  ; and  horses  and  buffaloes  swarm  in  the 
interior.  The  remaining  Phillippine  islands  are,  Pulawain, 
Mindoro,  Pani.  Buglas,  or  the  Isle  of  Negroes,  Zebu,  or  Lcita. 
and  Samar.  Marian,  a small  isle,  on  the  east  of  Zehu,  is  the 
place  where  the  celebrated  navigator,  Magellan,  was  slain. 
These  islands  present  many  volcanic  appearances;  such  as  lava, 
volcanic  glass,  sulphur,  and  hot  springs;  and  the  bread-fruit 
extends  its  beneficial  arms  to  tho  hundreds  of  islands  that 
sprinkle  the  Indian  and  Pacific  oceans.— The  Cclcbczian 
Group,  or  the  isles  of  Poison,  arc  Cclehez,  Sanguy,  Shuilas. 
Prling.  Boutan,  and  Sala.  Celcbez  is  600  miles  long,  and 
about  GO  broad,  considering  tho  extensive  bays  that  chequer 
its  coast.  In  its  centre  there  are  several  live  volcanoes. 
From  the  mountains,  rivers  precipitate  themselves  over  vast 
rocks.  The  natives  arc  called  Macassars,  and  arc  famed  most 
for  their  pusillanimous  attacks  on  solitary  vessels,  with  lances 
and  arrows,  poisoned  with  the  juice  of  the  deadly  upas. 
Though  these  islands  produce  spices  and  rice,  their  botany  is 
full  of  poisonous  trees  and  plants. — The  Moluccas  are,  Terrinh. 
Tidore,  Motir.  Makian,  and  Bakian.  Trrnab  is  the  retreat  of  (he 
kingfisher,  clothed  in  scarlet  and  ninzareen  blue;  Tidore  boasts 
five-and-twenty  mosques,  and  its  sultan  claims  tribute  of  Gilolo; 
Motir  is  the  seat  of  Venus  and  voluptuousness;  Makian  rises 
out  of  the  sea  like  a sugar-loaf;  and  Bakian  is  famed  for  its 
prodigious  rocks  of  coral,  of  infinite  variety  and  beauty. — The 
Spice  Islands,  are  Gilolo,  Ceram,  Bouro,  Morlay,  Oubi,  My  sol, 
Araboyna,  and  Banda.  Gilolo,  once  governed  by  a sheref  from 
Mecca,  proves  bow  far  the  Mahommedan  conquests  had 
extended.  The  natives  are  good  weavers,  and  have  plenty 
of  oxen,  buffaloes,  goats,  deer,  and  wild  hogs,  with  bread-fruit 
and  sngn  trees.  Ceram  abounds  in  clove  trees,  and  laige 
forests  of  sago  trees;  Bonro  possesses  the  civet  weasrl, 
green-ebony,  iron -wood,  &c. ; Morlay  is  full  of  sago  trees; 
Mysol  of  birds  of  paradise;  Oubi  produces  cloves;  Amboy  na 
boasts  of  a population  of  17,800  Dutch  Protestants;  and 
27,000  Mahommcdans,  Chinese,  and  savages.  The  clove 
tree  in  this  island  grows  to  the  amazing  height  of  forty  or 
fifty  feet,  and  will  yield  thirtjr  pounds  weight  annually. 
But  Banda  is  the  chief  isle  in  this  group,  furnishing  160,000 
pounds  w eight  of  nutmegs,  and  46,000  pounds  of  mace  annually. 
The  nutmeg  tree  grows  to  the  size  of  the  pear  tree  in  our 
orchards;  its  leaves  resemble  those  of  the  laurel;  and  from  tho 
age  of  10  to  100  years  it  bears  fruit.  The  nutmeg,  on  the  tree, 
is  about  the  size  and  colour  of  an  apricot,  but  shaped  like  a 
pear.  When  ripe,  the  rind  bursts,  and  discovers  the  mace,  of 
a deep  red,  covering  in  part  the  thin  shell  of  the  nutmeg. 
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Australasia. — Australasia  contains  New  Holland,  Papna,  or 
New  Guinea,  New  Britain,  and  New  Ireland,  with  the  Solomon 
Isles;  New  Caledonia,  and  the  New  Hebrides,  New  Zealand  ; 
and  Van  Diemen's  Land.  New  Hollaud  is  the  largest  island 
in  the  world,  and  some  progress  is  now  making  in  exploring 
its  interior.  From  east  to  west  it  is  2,730  miles  over ; and 
from  north  to  south  1,960  miles.  The  original  inhabitants  are 
harmless  savages,  grossly  ignorant,  believing  in  magic,  witch- 
craft, and  ghosts!  At  Port  Jackson  a colony  has  been  formed 
for  British  convicts ; but  numerous  free  settlers  are  now 
established  on  the  island,  and  it  will,  ere  long,  he  famous, 
since  the  breed  of  sheep  there  rivals  the  Spanish  Merinos,  and 
the  soil  is  excellent  for  grain.  Papua,  or  New  Guinea,  par- 
takes of  the  opulence  of  the  Moluccas,  with  their  singular 
varieties  of  plants  and  animals.  And  in  the  interior  a race  of 
savages,  called  Haraforas,  live  in  trees,  which  they  ascend  by 
a notched  pole,  drawing  it  after  them,  to  prevent  surprise. 
The  women  are  industrious,  the  men  indolent,  but  fond  of  orna- 
ments, as  tho  tusks  of  boars  around  their  necks,  and  feathers 
of  the  bird  of  paradise  stuck  in  their  woolly  hair.  Papua  is 
the  chosen  abode  of  that  splendid  bird,  of  elegant  parrots,  and 
the  crowned  gigantic  pigeon,  nearly  as  big  as  a Norfolk  turkey. 
New  Britain  resembles  Papua  in  its  inhabitants  and  products. 
The  canoes  of  New  Ireland  are  ninety  feet  long,  formed  out  of 
single  trees ; and  the  inhabitants  of  the  Solomon  isles  orna- 
ment their  necks  with  gold  beads.  Ncw-Calcdonia,  and  the 
New  Hebrides,  have  more  intelligent  inhabitants  than  we  have 
lately  been  among,  for  their  houses  have  carved  door-posts, 
and  the  women  aro  more  chaste  than  in  the  other  isles  of  the 
Pacific.  Plantains,  sugar-canes,  yams,  and  several  kinds  of 
fruit-trees,  are  found  in  the  Hebrides,  whose  natives  arc  very 
dexterous  in  launching  the  spear,  with  unerring  certainty. 
New  Zealand  consists  of  two  large  islands,  which  enjoy  a tem- 
perate climate,  equal  to  that  of  France  ; and  the  people  believe 
that,  the  third  day  after  they  inter  their  dead,  the  heart  is 
separated  from  the  body,  and  carried  to  the  clouds  by  an 
attendant  9pirit.  Van  Diemen’s  Land,  an  island  situated  south 
of  New  Holland,  is  about  ICO  miles  long,  and  80  broad.  The 
natives  and  the  products  resemble  those  of  New  Zealand  and 
New  Hollaud. 

Polynesia.— Polynesia  is  divided  into  the  following  islands, 
or  groups. — The  Pellcw  Islands,  inhabited  by  a gentle  and 
amiable  race  of  industrious  savages ; the  gay  and  innoceut 
children  of  nature,  united  in  one  large  family,  by  that  concen- 
tration of  society  which  small  islands  impose  on  their  natives. 
The  Lndrones,  or  Marians,  of  which  the  largest  arc  Guam  and 
Tinian,  arc  inhabited  by  a people  who  rescmblo  the  natives  of 
the  Phillippincs.  These  islands  arc  fourteen  in  number,  but 
only  three  arc  inhabited.  North  of  the  Ladroncs  are  many 
small  islands,  with  a few  scattered  islands  on  the  north  of  the 
Carolines,  that  have  not  been  classed  and  named.  The  Caro- 
lines, about  thirty  in  number,  arc  very  populous,  and  tho 
natives,  like  those  of  the  Philippines,  live  chiefiy  upon  fish 
and  cocoa-nuts.  The  three  principal  of  these  islands  arc,  Hog- 
olen.  Yap,  and  Ulca.  The  Sandwich  Isles  were  discovered  by 
Captain  Cook,  at  the  chief  of  which,  Gwhyhcc,  he  lost  his  life. 
The  inhabitants  arc  mild,  affable,  and  ingenious,  but  human 
sacrifices  arc  frequent.  The  climate  is  more  temperate  than 
that  of  the  West  Indies.  Dugs,  hogs,  and  rats,  are  the  native 
quadrupeds.  The  birds  arc  pigeons,  plovers,  owls,  and  ravens. 
The  bread-fruit  tree  abounds,  and  sugar-canes  grow  to  an 
amazing  size.  The  Marquesas  boast  nu  island  half  so  large  as 
Otaheite.  Noabeva,  the  chief  island  of  the  Marquesas,  is  only 
about  sixty  miles  in  circumference.  The  natives  possess  tho 
most  exquisite  symmetry  of  shape  and  regularity  of  features, 
and  the  women  are  as  fair  as  the  females  in  Italy  and  Spain  ; 
but  mutual  slaughter  and  human  sacrifices  prevail.  The 
Society  Islands  amount  to  abont  seventy  in  number,  of  which 
Otaheite  is  the  chief,  being  about  120  miles  in  circumference. 
The  men  are  olive-coloured,  the  women  brunettes,  with  fine 
black  eyes,  white  and  even  teeth,  soft  skin,  elegant  limbs,  jet- 
black  hair,  perfumed,  and  ornamented  with  flowers  ; but  still 
they  are  inferior  in  beauty  to  the  women  of  the  Marquesas  ; 
nor  do  any  of  the  females  of  the  Sooth-sea  islands  possess  the 
Grecian  forms  and  academical  precision  of  feminine  beauty. 
But  the  Otabcitcans  are  the  Italians  of  tho  Great  Pacific 
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Ocean  in  language  and  politeness,  and  in  the  romantic  I 
scenery  of  their  country.  Infants  swim  as  soon  as  they  can  I 
walk-  The  Friendly  Islands,  including  the  Fecjce  isles,  the  , 
Navigator.*’  islands,  and  several  more  northerly  and  detached  I 
isles,  arc  peopled  by  men  of  grave  mid  regular  behaviour,  who  I 
are  governed  by  despotic  chiefs.  The  largest  of  these  islands  l 
are,  Pola,  Tonga  taboo,  OyoUva,  Muouna,  and  Opuun.  Pro-  j 
visions  arc  amazingly  plentiful  in  these  islands.  The  men  are 
of  great  stature,  the  women  pretty  and  licentious.  The  inha-  ! 
bltants  of  all  Australasia  and  Polynesia  do  not,  perhaps,  | 
amount  to  300,000  souls.  The  speech  diffused  throughout  all 
the  scattered  islands  of  Polynesia  is  derived  from  the  Malurau. 
The  trees  and  plants  peculiar  to  the  tropical  Pacific  islands, 
arc  the  bread-fruit  tree,  the  plantain,  the  cocoa,  the  sugar- 
cane. figs,  sweet  potatoes,  £cc. 

ASILUS,  hornet  fly. 

ASPALATHUS,  African  broom. 

ASPARAGUS,  or  Sparrow  Grata,  one  of  the  greatest  deli- 
cacies which  our  kitcfirn-garden  affords,  being  particularly 
estimable  from  the  early  season  at  which  it  is  produced.  The 
asparagus  is  raised  from  seed,  in  beds  formed  for  the  purpose ; 
ami  the  plants  should  remain  three  years  in  the  ground  before 
they  are  cut ; after  which,  far  u dozen  years,  they  will  continue 
to  afford  a regular  crop.  In  the  Editor's  garden  there  are 
some  very  fine  bed#  about  twenty  years  old. 

ASPECT,  the  situation  of  the  planets  with  respect  to  each 
other;  there  are  5 aspects : 1st.  Seattle,  marked  * , when  the 
planets  are  60°  distant ; 2dlv,  Quartile  Q,  nt  IK)0  ; 3dly.  Trine, 
when  120°  A ; 4thly,  Opposition  %,  when  18QP;  and  5tldy,  Con- 
junction 4 , when  both  in  the  same  degree. 

ASPEN  TREE,  the  trembling  poplar,  flourishes  in  any 
situation  ; the  wood,  though  good  for  packsaddlcs,  milk  pails, 
clogs,  and  wood-work  for  pattens,  is  very  bad  for  beds,  as  it 
promotes  insects. 

ASPERIFOLIOUS.  in  Botany,  one  of  the  divisions  or  j 
classes  of  plants  in  the  Linnrau  system  ; so  denominated 
because  they  arc  usually  rough-leaved. 

ASPERUGO,  small  wild  bugloss. 

ASPERULA,  wood  roof. 

ASPHALTUM,  bitumen  Indiacum,  pitch  formed  on  the 
surface  of  the  Dead  Sea,  and  which  was  formerly  employed  in 
embalming  the  bodies  of  the  dead.' 

ASPHODELUS,  king's  spear,  asphodel. 

ASS,  a species  of  leqatis,  or  horse.  When  very  young,  the 
nss  is  sprightly,  and  even  tolerably  handsome ; but  he  soon 
loses  these  qualities,  and  becomes  dull,  stupid,  and  headstrong. 
But  he  is  not  equally  stupid  in  all  countries  ; for  in  Spain,  and 
some  other  countries,  he  is  much  more  elegant  and  tractable  ; 
and  if  treated  w ith  care,  there  is  no  doubt  that  he  might  be 
rendered  much  more  serviceable  to  us  than  he  now  is.  Wild  < 
asses  are  fierce,  swift,  and  formidable,  and,  when  pursued,  will 
defend  themselves  with  courage. 

ASSA-FflETIDA,  the  concrete  juice  or  resinous  gum  of  a 
large  umbelliferous  plant,  growing  in  India  and  Persia.  The 
Banian  Indians  use  it  in  all  their  dishes  : our  own  cooks  sub- 
stitute it  for  garlic.  In  Arabia  and  Persia  it  is  used  both 
internally  and  externally  as  a medicine.  It  is  an  excellent  cure 
for  the  hooping  cough  and  for  worms:  in  flatulent  colics,  he. 

ASSAULT,  an  attempt  to  offer  to  beat  another  without 
touching  him  ; asifono  lifts  up  his  cane,  a whip,  or  his  fist,  to  hit 
another,  or  strikes  at  him,  but  misses  him.  The  party  injured 
may  have  redress  by  action  of  trespass  n rt  #mn,  wherein  be 
shall  receive  damages  as  a compensation  for  injury.  This 
teaches  society  the  exterior  formula  of  good  breeding;  but  the 
temperament  of  an  Englishman  pricks  him  to  repel  force  by  { 
force ; nnd  to  repay  by  an  eye  for  an  eye,  or  a tooth  for  a 
tooth,  without  trusting  to  the  doubtful  issue  of  trespass,  per  to- 
gttm  necuniamque. 

ASSAYING.  There  nre  two  kinds  of  assaying  ; one  before 
metals  are  melted,  the  other  after  thoy  have  been  struck  ; the 
first  brings  them  to  their  proper  fineness,  and  the  last  compares 
them  with  the  standard.  For  the  first  assnyrrs  take  14  or  15 
grains  of  gold,  and  half  a drachm  of  silver,  if  it  be  for  money  ; 
and  18  grains  of  the  one,  and  a drachm  of  the  other,  if  for  other 
uses.  The  second  assay  is  made  of  one  of  the  pieces  of  money, 
which  is  cut  into  four  parts.  The  quantity  of  gold  for  an  assay 


is  here  six  grains.  Assaying  is  also  the  particular  mode  of 
examiniug  every  ore  and  mixed  metal,  according  to  its  nature, 
with  the  proper  fluxes,  to  discover  not  only  what  metals,  with 
their  proportions,  are  contained  in  ores,  but  also  the  quantity  of 
sulphur.vitriol.  alum,  arsenic,  nnd  other  matters.  Gold  is  obtained 
pure  by  dissolving  it  in  nitro-imiriatic  acid,  and  precipitating 
the  metal  by  dropping  in  a diluted  solution  of  sulphate  of  iron  : 
the  powder  which  precipitates  is  pure  gold.  Silver  is  obtained 
pure  by  dissolving  it  in  nitric  acid,  and  precipitating  it  with  a 
diluted  solution  of  sulphate  of  iron.  With  metallurgists  the 
mass  consists  of  21  iniaginars  parts,  called  carats.  Gold  of 
*21  carats  means  pure  gold  : the  number  of  carats  mentioned 
specifies  the  parts  of  pure  gold,  and  whnt  that  number  wants  of 
21  carats,  indicates  the  quantity  of  base  metal  in  the  alloy. 
Gold  of  12  carats,  means  12  ports  of  gold  and  12  of  another 
metal.  Gold  coins  of  Great  Britain  arc  of  22  carats  flue  ; they 
contain,  therefore,  1 1 parts  of  gold  and  one  of  cupper.  Parting 
is  the  separation  of  gold  from  silver,  when  both  arc  contained 
in  an  allov  ,*  and  it  is  founded  on  the  insolubility  of  gold,  ami 
the  solubility  of  silver  in  nitric  acid. 

Fig.  108.  Assay  UtUNcr,  is  of  very 

little  different  construction  from 
the  common  scales.  Laving  a 
beam  from  10  to  12  inches,  and 
being  made  of  the  best  steel. 
The  beam  is  suspended  in  a 
fork,  nnd  us  the  balance  will 
hardly  stand  still  in  the  open 
air,  it  must  be  put  into  a rase, 
as  represented  in  the  figure.  A 
pair  of  pincers  are  used  to  put 
articles  in  be  wiighrd  into  this 
baUinre;  or  if  the  article  be  a 
povvdrr.a  small  shovel  or  spoon. 

ASSIZE,  an  assembly  of  kniglils,  and  other  substantial  wen. 
together  with  a justice,  in  a certain  place,  and  at  a certain 
time,  when  and  where  the  writs,  processes,  whether  civil  or 
criminal,  are  decided  by  a jury,  directed  by  a judge.  If  a man 
has  been  charged  with  an  oflcncc,  before  he  can  be  put  on  his 
trial,  the  charge  must  first  be  examined  by  an  impartial  grand 
jury  of  23  persons;  twelve  of  whom,  at  least,  must  agree  to 
find  a bill  of  indictment,  which  bring  found,  he  then  undergoes 
a public  trial  before  twelve  of  his  equals.  The  powers  of  a 
grand  jury  nre  most  extensive,  and  their  duties  being  most 
important,  it  is  necessary  that  they  be  performed  with  the 
greatest  care,  intelligence,  and  impartiality.  Bills  ought  never 
to  be  found  lightly,  on  frivolous  pretences,  or  imperfect  evi- 
dence ; and  as  grand  juries  only  hear  the  evidence  of  the 
prosecutor,  they  ought  to  be  vigilantly  on  their  guard  against 
trifling,  vexatious,  and  malicious  prosecutions.  The  petit  jury 
of  twelve  make  oath,  that  **  they  shall  well  and  truly  try,  and 
true  deliverance  make,  between  the  king  and  the  prisoner  at 
the  bar.  according  to  the  evidence."  After  they  have  fully 
heard  the  evidence,  the  prisoner's  defence,  and  the  law  from 
tbc  judge,  the  twelve  must  decide  each  for  himself,  nnd  the 
whole  must  be  unanimous  in  acquitting,  or  in  condemning,  the 
prisoner.  The  jury  must  he  impartial  and  independent,  or 
they  are  liable  to  be  challenged  or  objected  to.  They  should 
also  found  their  verdict  on  their  own  judgment,  deducing  it 
from  clear  and  positive  evidence : no  other  duty  being  so 
sacred,  and  no  other  trust  so  great',  as  that  reposed  in  the 
integrity  and  independence  of  a juryman. 

ASSOCIATION  or  Ideas,  is  when  two  or  more  ideas  con- 
stantly and  immediately  follow  or  succeed  one  another  in  the 
mind,  so  that  one  shall  constantly  and  infallibly  succeed  another. 
The  influence  of  association  in  regulating  the  succession  of  our 
thoughts,  is  a fact  familiar  to  all  men  : that  one  thought  is 
often  suggested  to  tho  mind  by  another,  and  that  the  sight  of 
an  external  object  often  recalls  former  occurrences,  and  revives 
former  feelings,  are  indisputable  facts.  This  subject  is  very 
fully  treated  in  the  Editor's  Grammar  of  Logie  and  Intellectual 
Philosophy.  See  chap.  vii.  book  ii.  of  that  work,  scconu 
edition. 

ASSUMPSIT,  in  Law,  a voluntary  or  verbal  promise, 
whereby  a person  assumes,  or  takes  upon  him,  to  pay  any  thing 
(o  another.  There  are  numerous  cases  of  assumpsit  on  record. 
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Thus  all  notes  of  hand,  bills  of  exchange,  Ac.  come  under  this 
name  ; and  so  of  ninny  other  covenants,  verbal  or  written. 

ASSUMPTIVE  Awns,  in  Heraldry.  Thus,  if  a soldier, 
who  has  no  right  by  blood  to  arms,  or  if  he  have  none,  shall  in 
war  captivate  any  gentleman,  nobleman,  or  prince,  lie  may 
then  assume  the  arms  of  his  prisouer,  aud  enjoy  them  in  his 
heirs  for  ever. 

ASSURANCE  os  Lives.  By  assuring  a life,  is  meant 
obtaining  security  for  a sum  to  be  received,  should  the  life 
drop,  in  consideration  of  such  a payment  made  to  the  assurer, 
as  shall  be  a sufficient  compensation  for  the  loss  and  hazard  to 
which  he  exposes  himself.  In  estimating  this  compensation, 
the  amount  of  it  will  depend  entirely  on  the  rate  of  interest  at 
which  money  is  improved,  and  the  probable  duration  of  the 
life  of  the  individual.  In  order  to  illustrate  this,  let  £100  be 
supposed  to  be  assured  on  a life  for  a year  to  come,  supposing 
money  to  bear  an  interest  of  6 per  cent.  Now,  first,  if  it  were 
certain  that  the  life  would  become  extinct  in  the  course  of  the 
year,  the  premium  would  be  the  present  value  of  £100.  pliable 
a year  hence,  which  at  5 per  cent,  would  be  £05.  U,  8 d. ; but  if, 
instead  of  the  certain  extinction  of  the  life,  it  be  known  from 
tbc  regular  bills  of  mortality,  that  out  of  1000  persons  of  the 
age  of  the  assured,  only  250  fall  in  the  course  of  a year,  or 
230 

which  is  the  same,  if  — — , or  represent  the  prospect  of  its 

failing,  then  I of  the  above  premium  will  be  tbc  fair  compensa- 
tion to  be  received  by  the  assurer : and  us  lucre  have  been 
tables  of  the  decrease  of  human  life  kept  for  many  years,  in 
various  parts  of  this  and  other  kingdoms,  the  calculation  of 
the  fair  premium  to  be  paid  for  any  age,  for  a year,  is  extremely 
simple,  and  needs  no  farther  illustration.  But  the  assurances 
most  commonly  practised,  arc  those  on  single  lives,  either  for 
a given  term,  or  during  their  whole  continuance ; and  the  pre- 
mium is  cither  paid  io  a single  present  payment,  or  in  annual 
payments  during  the  said  term,  or  till  the  life  fails  ; in  both 
which  cases  the  calculation  becomes  more  complicated.  On 
the  most  equitable  principles,  tables  have  been  computed  which 
exhibit  at  one  view  the  annual  payment  that  ought  to  be  made 
to  assure  a life,  at  any  age,  for  £100;  and  which,  therefore,  is 
equally  applicable  for  any  other  sum,  by  a simple  operation  of 
multiplication  and  division ; these  annual  payments  vary  a 
little  in  different  offices,  but  the  most  general  terms  and  condi- 
tions arc  as  follows  : — Tlie  person  making  the  assurance  is  to 
declare  the  place  and  date  of  birth  of  the  person  whose  life  is 
to  be  assured;  whether  lie  have  had  the  smalt-pox  ; whether 
subject  to  the  gout ; and  whethei  in  the  army  or  navy. 

Conditions  of  Assurance  made  by  Persons  on  their  own  Lives. — • 
The  assurance  to  be  void,  if  the  person  whose  life  is  assured 
shall  depart  beyond  the  limits  of  Europe,  shall  die  upon  the 
seas,  (except  in  his  majesty’s  packets  passing  between  Great 
Britain  and  Ireland,)  or  shall  enter  into  or  engage  in  any 
military  or  naval  service  whatever,  without  the  previous  con- 
sent of  the  company  ; or  shall  die  by  suicide,  duelling,  or  the 
band  of  justice  ; or  shall  not  be,  at  the  time  the  assurance  is 
made,  in  good  health. 

Coiulitions  of  Assurance  made  by  Persons  an  the  Lives  of  others. 
— The  assurance  to  be  void,  if  the  person  whose  life  is  assured 
shall  depart  beyond  the  limits  of  Europe,  shall  die  upon  the 
seas,  (except  in  his  majesty's  packets  passing  between  Great 
Britain  and  Ireland.)  or  shall  enter  into,  or  engage  in  any 
military  or  naval  service  whatever,  without  the  previous  con- 
sent of  the  company  ; or  shall  not  be,  at  the  lime  the  assurance 
is  made,  in  good  health.  These  rules  are  varied  conditionally 
in  some  assurance  offices;  but  we  have  exhibited  the  general 
principles.  Any  person  making  an  assurance  on  the  life  of 
another,  most  be  interested  therein,  agreeably  to  act  of  14th  of 
Geo.  III.  chap.  48,  which  prohibits  wagering,  or  speculative 
insurances. 

Since  the  foregoing  was  written  for  this  work,  some  new 
assurance  associations  havo  arisen  which  take  numerous  risks 
that  the  old  offices  would  not  assure  ; and  it  matters  not  now, 
whether  a man  belong  to  the  army,  the  navy,  or  any  other 
service  equally  hazardous:  he  may  assure  at  some  of  these 
new  offices  with  as  much  facility  as  a tradesman  could  do  at 
ihe  Sun,  the  Equitable,  or  the  Rock  life-assurance  offices. 


Table  of  Premiums 

For  Assuring  the  Sum  of  One  Hundred  Pounds  u/um  the  Life  of 
any  healthy  Person,  from  the  Aye  of  Fight  to  Sixty-seren. 


> 

* 

One 

Year. 

7 Yra. 

■o  Ann. 
payment 

V 

The  whole 
Life,  at  an 
annual  pay- 
ment l»f 

> 

Oas 

Year. 

7 Yr».  al 

an  a mi. 
payment 
of 

Til*  nbol* 
life,  At  an 
annual  pay- 
ment of 

H 

£ 

s. 

d. 

£.  *. 

d. 

£. 

s. 

J. 

8 

£ 

s. 

d. 

£ 

s. 

4 L 

*• 

a. 

if.  1 

14 

0 

17 

9 

1 i 

4 

1 

17 

7 

41 

2 

2 

0 

2 

6 

4 

3 

9 

9 

13 

0 

17 

11 

1 2 

1! 

l 

18 

7 

42  i 2 

2 

6 

2 

6 

6 

3 

11 

» 

If. 

0 

19 

2 

1 4 

7 

1 

19 

8 

112 

4 

6 

2 

7 

3 

13 

8 

17 

I 

2 

1 6 

1 

2 

0 

8 

11 

2 

5 

6 

2 

9 

2 

3 

15 

9 

18 

s 

3 

1 7 

3 

2 

1 

8 

43 

2 

0 

8 

2 

10 

10 

3 

17 

11 

ll> 

5 

0 

l 8 

6 

S 

2 

8 

46 

2 

7 

10 

2 

12 

6 

4 

0 

2 

20 

7 

all  9 

5 

2 

3 

7 

47 

2 

9 

0 

2 

14 

4 

4 

2 

7 

21 

8 

10 

1 ID 

1 

2 

4 

6 

48 

2 

10 

3 

2 

16 

< 

4 

5 

1 1 

22 

9 

3 

l 10 

f. 

2 

5 

4 

49 

2 

12 

3 

2 

18 

6 

4 

7 

10 

23 

9 

8 

1 It 

(1 

2 

6 

3 

30 

15 

1 

S 

0 

* 

4 

10 

8 j 

24 

10 

2 

1 II 

G 

2 

7 

l 

31 

17 

4 

3 

2 

H 

4 

IS 

6 ) 

23 

10 

7 

1 12 

I 

2 

8 

1 

52 

19 

1 

3 

4 

9 

4 

10 

5 

2ft 

11 

I 

1 12 

7 

2 

9 

1 

53 

1 

0 

3 

7 

o 

4 

19 

7 

27 

11 

7 

1 13 

2 

2 

10 

1 

64 

3 

0 

3 

9 

& 

ft 

2 

10 

28 

12 

1 

t 13 

9 

2 

11 

1 

53 

5 

0 

3 

12 

0 

5 

6 

4 

20 

12 

8 

1 14 

4 

2 

12 

3 

56 

7 

3 

3 

14 

b 

5 

10 

1 

30 

IS 

3 1 14 

11 

2 

13 

5 

57 

9 

8 

3 

17 

6 

5 

14 

0 

SI 

13 

0 I 13 

7 

2 

14 

7 

58 

12 

» 

4 

0 

6 

5 

18 

2 

S2 

It 

4 

1 16 

3 

2 

15 

9 

59 

15 

4 

3 

8 

6 

2 

8 

S3 

13 

0 

1 16 

10 

2 

17 

1 

60 

18 

1 

4 

7 

1 

6 

7 

4 

34 

15 

8 1 17 

8 

2 

18 

5 

61 

1 

5 

4 

10 

11 

6 

12 

4 

S3 

16 

4 1 18 

10 

2 

19  10 

62 

3 

11 

4 

13 

0 

6 

17 

9 

3G 

17 

0 

1 19 

7 

3 

1 

4 

63 

7 

8 

4 

19 

8 

7 

3 

7 

n 

17 

9 2 0 

8 

3 

2 

10 

61 

10 

9 

5 

4 

10 

7 

9 

10 

38 

18 

G 

2 1 

9 

3 

4 

6 

65 

15 

2 

5 

10 

10 

7 

1« 

9 1 

30 

19 

H Is  2 

11 

3 

G 

2 

66 

5 

0 

1 

5 

17 

7 

8 

4 

1 

40 

2 

0 

8 2 4 

1 

3 

7 

11 

67 

5 

S 

6 

6 

5 

2 

8 

12 

1 I 

ASTER,  in  Botany,  starwort,  so  called  as  having  a radiated 
flower. 

ASTERIA,  the  goshawk  ; also  tbc  gem  cat’s  eye:  the  name 
also  of  an  extraneous  fossil,  know  n as  star-stone. 

ASTERIAS,  the  star  fish,  or  sea  star. 

ASTERION  and  CHARA,or  Canes  Venatiei,  the  Greyhounds. 
This  constellation  was  introduced  by  Hcvelius.  It  occupies 
the  western  space  between  Bootes  and  the  hiud  legs  of  Ursa 
Major,  and  is  easily  distinguished  by  a star  of  Ihe  3d  magni- 
tude on  tbe  neck  of  Clmra,  forming  a triangle  with  y and  r/,  in 
the  hip  and  tail  of  Ursa  Major.  Sir  Charles  Scarborough, 
physician  to  Charles  II.  called  this  star  Cor  Caroli,  or  Charles's 
Heart,  in  honour  of  king  Charles  I. 

A-STERN,  denotes  any  distance  behind  a ship,  as  opposed 
to  A-head. 

ASTRAGAL,  in  Architecture,  a round  moulding,  which,  in 
the  orders,  surrounds  the  top  of  the  shaft  or  body  of  the  column ; 
it  is  used  also  at  the  bottoms  as  well  as  the  lops  of  columns  ; 
and  properly  represents  a ring  on  whatever  part  of  a column  it 
is  placed. — In  Anatomy,  the  upper  bone  of  tbe  tarsus,  which, 
by  its  conjunction  with  the  bones  of  the  leg,  forms  the  ankle- 
joint. 

ASTRAGALUS,  milk,  or  liquorice  veteb. 

ASTRANTIA,  masterwort. 

ASTRINGENTS,  in  Medicine,  are  distinguished  by  a rough 
austere  taste,  and  the  property  of  changing  solutions  of  iron, 
especially  those  made  in  the  vitriolic  acid,  into  a dark  purple 
or  black  colour ; such  as  galls,  tormentil  root,  terra  japouica, 
acacia.  See. 

ASTROITES.  star  stone. 

ASTROLABE,  a stcrcographio  projection  of  the  sphere, 
which,  among  the  ancients,  was  equivalent  to  the  armitlary 
sphere,  or  armed  by  proper  graduations,  &c.  it  enabled  an 
observer  to  take  the  altitude  of  tbe  sun,  or  of  a star. 

ASTROLOGY,  a conjectural  science,  founded  upon  certain 
supposed  effects,  influences,  positions,  and  situations  of  the 
stars,  with  a view  to  predict  future  events  from  their  aspects, 
flee.  It  surprises  one,  that  our  almanack  makers  should  still 
repeat  the  nonsensical  stuff  of  Lilly,  Moore,  and  other  elever 
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men,  who  reigned  in  the  ages  of  judicial,  perhaps  natural, 
astrology. 

ASTRONOMY,  the  science  which  teaches  the  motions  of 
the  Earth,  the  Sun,  Moon,  Planet*,  Comets,  and  Stars,  and 
explains  the  phenomena  occasioned  by  those  motions,  is 
divided  into  two  parts:  1st.  that  which  treats  of  the  motions, 
magnitudes,  and  periods  of  the  revolutions  of  the  heavenly 
bodies,  and  is  called  pure  or  plain  Astronomy  ; 2d.  that  which 
investigates  the  causes  and  laws  by  which  these  motions  are 
regulated.  The  student  of  astronomy  may,  in  the  day  time, 
observe  one  of  the  chief  of  these  motions  in  the  rising,  ascent, 
exaltation,  declension,  and  setting  of  the  sun.  In  the  morning 
he  will  see  it  rise  in  the  eastern  heavens,  ascend  in  this  hemi- 
sphere towards  the  south,  attain  its  greatest  height  at  noon, 
and  then  descend  again,  tilt  it  sets  in  the  west,  as  far  from  the 
south  as  it  rose  in  the  morning.  This  is  the  first  practical 
lesson  in  astronomy.  In  the  night  time  he  may  observe  the 
stars  rise  in  the  east,  ascend  towards  the  south,  and  decline 
and  sH  to  the  west;  and  this  will  be  the  second  lesson.  He 
may,  however,  observe,  that  one  star,  via.  that  over  the  North 
Pole,  never  moves,  and  that  all  the  others  move  around  it,  and 
those  within  a certain  distance  never  set;  and,  in  short,  in  this 
third  lesson,  which  is  worthy  of  being  pursued  through  succes- 
sive evenings,  he  will  become  master  of  the  general  motions  of 
the  heavens.  Thus,  by  measuring,  for  example,  at  London, 
daring  a long  winter’s  night,  the  two  meridian  heights  of  the 
Polar  Star,  (a  Ursa  Minoris,  having  88°  20*  49“  declination  N.) 
wc  lind  that  (ann.  1820) 

When  it  passes  above  the  Pole,  its  altitude  \ ^ ^ j|« 
measures  S' 

And  when  it  passes  below  the  Pole,  it  > 490 
measures  » 


The  sum  of  which  is 103°  OT  00“ 

And  their  half 61°  31'  00" 

Which  will  be  the  altitude  of  the  Pole  above  the  horizon  of 
London,  or  the  distance  of  this  city  from  the  equator.  If,  on 
the  contrary,  we  subtract  49°  61'  49"  from  Ct3°  1<X  11",  wc 
shall  lind  for  their  difference  3°  IS'  22",  of  which  the  half, 
1°  3JF  11",  will  give  the  distance  of  the  Polar  Star  from  the 
Pole  (in  1820),  which  we  thus  find  does  not  exactly  occupy  this 
point,  but  is  yet  very  near  to  it.  He  will  observe,  in  a fourth 
Irsson.  which  is  also  to  be  pursued  through  successive  nights, 
that  the  moon  changes  her  place  with  regard  to  the  stars,  that 
she  increases  in  light  in  proportion  to  her  increased  distance 
from  the  son,  till  she  arrives  at  the  opposite,  or  rises  as  the  sun 
sets;  and  that  the  light  increases  on  one  side,  and  decreases 
on  the  other,  being  always  towards  the  sun.  He  will,  in  like 
manner,  observe,  that  the  planets  change  their  motious  slowly 
in  regard  to  the  fixed  stars,  and  that  both  the  moon  and  the 
planets  move  in  the  same  line,  or  nearly  so,  among  the  fixed 
stars  ; and  this  fifth  lesson  may  he  mixed  with  others  through 
successive  weeks.  He  will  be  highly  gratified  by  applying  any 
telescope  (the  larger  the  better,  hut  the  smallest  will  afford 
much  gratification)  to  the  moon,  planets,  and  stars.  He  will 
observe  the  decrease  and  increase,  and  change  of  the  shadows 
of  the  moon’s  pits;  the  satellites  of  Jupiter;  the  moon-like 
appearance  of  Venus;  the  ring  and  moons  of  Saturn;  and 
many  of  ihe  constellations  and  nebulous  clusters  of  stars. 

The  heavenly  bodies  that  we  are  to  notice,  are,  the  Sun,  the 
Planets,  Comets,  and  Fixed  Stars. 

The  San  gives  name  to  the  system  of  Astronomy,  which 
Copernicus,  Kepler,  and  Newton  have  established,  but  which 
was  known  in  the  East  4000  years  ago,  in  its  general  appear- 
ances, as  perfectly  as  by  La  Place  in  our  own  times.  The 
solar  system  is  so  called,  because  the  Sun  is  supposed  to  be 
situated  io  a certain  point,  termed  the  centre  of  the  system, 
having  alt  the  planets  revolving  round  him  at  different  dis- 
tances, and  in  different  periods  of  time.  This  is  likewise  called 
the  Copcrnican  system.  See  Plate  Solar  System. 

The  Sun,  situated  near  the  centre  of  the  orbits  of  all  the 
planets,  revolves  on  its  axis  in  25  days  14  hours  4 minutes. 
This  revolution  is  determined  from  the  motion  of  the 
spots  on  its  surface,  which  first  make  their  appearance  on 
the  eastern  extremity,  and  then  by  degrees  come  forwards 
towards  tbe  middle,  and  so  pass  on  till  they  reach  the  w estern 


edge,  and  then  disappear.  When  they  have  been  absent  for 
nearly  the  same  period  of  lime  which  they  were  visible,  they 
appear  again  as  at  first,  finishing  their  entire  circuit  in  27  days 
12  hours  20  minutes.*  The  Nun  is  likewise  agitated  by  a 
small  motion  round  the  centre  of  gravity  of  tbe  solar  system, 
occasioned  by  the  various  attractions  of  the  surrounding 
lanets : but  as  this  centre  of  gravity  is  generally  within  the 
odv  of  the  Sun,  and  can  never  be  at  the  distance  of  more  than 
tbe  length  of  the  solar  diameter  from  the  centre  of  that  body, 
astronomers  generally  consider  the  Sun  as  the  centre  of  the 
system,  round  which  all  the  planets  revolve  ; though  in  reality 
tbe  centre  of  gravity  of  the  Sun,  and  of  all  the  planets,  is  the 
centre  of  the  tcorld.  As  the  Sun  revolvej  on  an  axis,  his  figure 
is  supposed  not  to  be  strictly  in  the  form  of  a globe,  but  a little 
flatted  at  the  poles  ; and  that  his  axis  makes  an  angle  of  about 
eight  degrees,  with  a perpendicular  to  the  plane  of  the  earth’s 
orbit  As  the  Sun’s  apparent  diameter  is  longer  in  December 
than  in  June,  it  follows  that  the  Sun  is  nearer  to  the  earth  in 
our  winter  than  it  is  in  summer  ; for  the  apparent  magnitude 
of  a distant  body  diminishes  as  the  distance  increases.  Tbe 
mean  apparent  diameter  of  the  Sun  is  stated  to  be  3V  2"; 
hence,  taking  the  distance  of  the  Sun  from  the  earth  to  be  $5 
millions  of  miles,  as  is  now  determined,  its  real  diameter  will 
be  886.149  miles ; and.  as  the  magnitudes  of  all  spherical  bodies 
are  as  the  rubes  of  their  diameters,  the  magnitude  of  the  Sun 
will  be  1,377,61.1  times  that  of  the  earth  ; the  diameter  of  the 
earth  being  7964  miles,  the  diameter  of  the  Sun  is  above  111 
times  the  diameter  of  the  earth.  When  we  consider  the  Sun 
as  the  fountain  of  light  that  illuminates  this  universe,  and  that 
causes  the  earth  to  produce  every  thing  desirable  for  man.  may 
we  not  consider  it  also  as  an  eminent,  large,  and  lucid  planet, 
evidently  the  primary  one  of  our  system ; Mercury,  Venus,  the 
Earth,  and  all  the  others,  being  its  secondaries  ? And  consi- 
dering its  solidity,  its  atmosphere  and  diversified  surface,  its 
rotation  on  its  axis,  and  all  the  circumstances  attending  this 
glorious  globe,  may  we  not  conclude  that  it  is  inhabited,  like 
tbe  other  planets,  by  beings  whose  organs  arc  adapted  to  the 
physical  properties  of  the  Sun.  This  seems  to  be  a more  pleas- 
ing and  agreeable  way  of  making  the  tour  of  creation,  than 
joining  issue  with  fanciful  poets,  who  have  pronounced  it  the 
abode  of  blessed  spirits  ; or  closing  with  the  chilling  doctrines 
of  angry  moralists,  who  have  fancied  it  the  fittest  residence  for 
tbe  punishment  or  purgation  of  the  wicked  from  off  tbe  earth. 

The  Planets. — There  arc  eleven  planets  belonging  to  our 
system.  Six  of  these  have  been  recognized  from  time  imme- 
morial: namely.  Mercury,  Venus,  the  Earth,  Mars.  Jupiter, 
and  Saturn,  liut  the  remaining  five,  invisible  to  tbe  naked 
eye,  have  lately  been  discovered  by  the  help  of  the  telescope  ; 
and  are  therefore  called  telescopic  planets  : namely, 

Uranus,  discovered  by  Dr.  Hcrschel,  March  13,  1781. 


Ceres M.  Piazzi,..  January  I,  1801. 

Pallas ,«M.  Olbers,.. ..  March  28,  1802. 

Jono M.  Harding,  Scptem.  1,  1803. 

Vesta M.  Olbers March  29,  1807. 


All  these  Planets  revolve  round  tbe  sun,  as  the  centre  of 
motion  ; and  in  performing  their  revolutions  they  follow  the 
laws  of  planetary  motion  discovered  by  Kepler,  and  confirmed 
by  subsequent  observations.  These  laws  are.  The  orbit  of 
each  planet  is  an  ellipse  ; of  which  the  sun  occupies  one  of  the 
foci.  That  focus  is  called  (he  lower  focus.  If  we  suppose  the 
plane  of  tbe  earth’s  orbit,  which  passes  through  the  centre  of 
the  sun,  to  ho  extended  in  every  direction,  as  far  as  the  fixed 
stars,  it  will  mark  out  a great  circle  among  them,  which  is  the 
ecliptic  ; and  with  this  the  situations  of  the  orbits  of  all  the 
other  planets  are  compared.  The  planes  of  the  orbits  of  all 
the  other  Planets  must  necessarily  pass  through  the  centre  of 
the  sun.  bnt  if  extended  as  far  as  the  fixed  stars,  they  form 
circles  different  from  each  other,  as  also  from  the  ecliptic;  one 


* M.  Cassini  determined  the  lima  which  the  Sun  lakes  lo  resolve  00  its 
■vis.  thus  : the  lime  in  whirl*  a spot  return*  to  tbs  asm*  situation  on  tbe 
Son  s diafl,  (determined  from  a series  of  accurals  observations.)  is  27  days 
12  boars  20  minute-*;  now  tbe  mean  motion  of  the  earth  in  that  time  is 
27-  V fV'  ■ Hones  *00°  -f  27*  7'  8*  : 27d.  12b.  20  m.  : : 200*  : 22d.  I41u 
4m.  tbs  tins  of  rotatioo. 


■wo/  f\n  ‘Mi/Si 
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part  of  each  orbit,  is  on  the  tnntm 

north,  and  tbe  other  on  the  south  p 

side  of  the  ecliptic.  Therefore 

the  orbit  of  each  planet  cuts  the  J 

ecliptic  in  two  opposite  points,  ° 

as  A B,  fig.  110,  which  arc  j 

called  the  noth*  of  that  particu-  ^ 

lar  planet ; and  tho  nodes  of 

one  planet  cut  the  ecliptic  in 

j.laoes  different  from  the  nodes 

of  another  planet.  The  line  A B is  called  the  line  of  the  nodes. 
The  ascending  node  is  that  where  the  planet  passes  from  the 
south  to  the  north  side  of  the  ecliptic.  The  angle  KG  is  the 
inclination  of  the  planes  of  the  two  orbits  to  each  otbrr.  Tbe 
descending  node,  that  where  the  planet  passes  from  the  north 
to  the  south  side  of  the  ecliptic.  Perigee,  when  the  sun  and 
moon  arc  nearest  the  earth ; apogee,  when  at  their  greatest 
distance.  The  extremity  of  the  major  axis  of  this  ellipse, 
nearest  the  sun,  is  called  the  perihelion ; the  opposite  extre- 
mity of  the  same  axis  is  called  the  aphelion.  The  line,  which 
joins  these  two  points,  is  called  the  line  of  the  apsides.  Tbe 
radius  vector  is  an  imaginary  lino  drawn  from  the  centre  of 
the  sun  to  the  centre  of  the  planet,  in  any  part  of  its  orhit. 
The  velocity  of  a planet  in  its  orbit  is  alwavs  greatest  at  its 
perihelion.  This  velocity  diminishes  as  the  radius  vector 
increases,  (ill  the  planet  arrives  at  its  aphelion,  when  its 
motion  is  the  slowest.  It  then  increases  jn  an  inverse  manner, 
till  the  planet  arrive*  again  at  its  perihelion.  The  areas, 
described  about  the  sun  by  the  radius  vector  of  the  planet,  are 
proportional  to  the  times  employed  in  describing  them ; and 
these  laws  arc  sufficient  for  determining  the  motion  of  the 
planets  round  the  sun  ; but  it  is  necessary  to  know,  for  each 
of  these  planets,  seven  quantities  ; which  arc  called  the  [ 
dements  of  their  elliptical  motion.  The  first  five  of  these 
dements  relate  to  the  motion  in  an  ellipse  ; the  last  two  relate 
to  the  position  of  the  orbit,  since  the  planets  do  not  all  move 
in  the  same  piano;  agreeably  to  the  following  tables  of  La 
Place,  calculated  for  the  commencement  of  the  present  century. 

1.  Duration  of  the  Sidereal  Revolution, 

Dip.  Days. 

Mercury 87*999+  Cere*.., 1681-539+ 

Vcmis 224*700+  Pallas 16*1*700+ 

Earth 365  256+  Jupiter 4333*660+ 

Mars .3*6*970+  Saturn 10758*060+ 

Vesta 1335-206+  Uranus 306*0  71*2+ 

4 uno 1500*008+ 


2.  The  Mean  Distance  of  the  Planett  from  the  Sun. 


Mercury 387H381  ! 

Venus *7233323 

Earth ! (XlOOOOO 

Mars 1 5*236935  | 

Cere, 2-767t06tl 

Pallas 2 7676020 

Jupiter 62027011 

Juno 2*6671630 

3.  Ratio  of  the  Eccentricity  to  Half  the  Major  Apsis. 

Mercury  *20551404  j Ceres 07*34800 

Venus. *00685208  j Pallas *24538400 

Earth *01685318  | Jupiter -04817840 

Mars *09322000  I Saturn -05616830 

Vesta  *09322000  , Uranus *04667030 

Juno  *26404400  j 

4.  Mean  Longitude. 

Mercury 18*2°  15647  I Ceres 294°  16820 

Venus 11  93672  Pallas  ..280  68580 

Earth Ill  28170  Jupiter .....124  67781 


.294°  16820 
.280  68580 
.124  67781 


Mars 71  24146  Saturn 150  38010 

Vesta.... 297  12990  Uranus 197  64W4 

Juno 322  79380  | 

5.  Mean  Longitude  of  the  Perihelion. 

Mercury  82°  6256  ] Ceres 162°  9565 

Venus 142  9077  I Pallas 134  7040 

Earth .....110  5671  Jupiter.. 12  3812 

Alar* 369  3407  [ Saturn 99  0649 

Vesta 277  4630  ; Uranus 185  9674  [ 

Juno 59  2349  I 


6.  Longitude  of  the  Ascending  JVWe. 

Mercury 51°  0651  j Ceres 80°  9083 

Venus 83  1072  Pallas 191  7146 

Earth.... 0 OOuO  Jupiter 109  3624 

Mars 53  3605  Saturn 124  3662 

Vesta .....114  4630  Uranus 80  0488 

Juno 100  1228 

7.  Inclination  of  the  Orlit  to  the  Ecliptic. 

Mercury 7°  7805*  ! Ceres 11°  *0680 

Venus 3 70036  ; Pallas  38  46540 

Earth 0 OOOOo  j Jupiter 1 46034 

Mars  2 06663  I Saturn 2 77102 

Vesta 7 91010  Uranus 0 85090 

Juno 14  508GU  | 

Tbe  examination  of  the  first  two  table*  will  shew  us,  that 
the  duration  of  the  revolutions  of  the  planet*  increases  with 
their  mean  distance  from  the  sun.  Whence  Kepler  discovered 
hts  third  fundamental  law  ; namely,  The  squares  of  the  times 
of  the  revolutions  of  the  Planets  arc  to  each  other  as  tbe  cubes 
of  their  mean  distances.  But  then  the  ellipses  which  the 
Planets  describe,  are  not  unalterable  : their  major  axe*  are  the 
same;  but  their  eccentricities,  the  positions  of  their  perihelion 
nodes,  with  tbe  inclination  of  their  orbits  to  the  ecliptic,  seem 
to  vary  in  a course  of  year*. 

Mercury  , the  least  of  the  inferior  planets,  and  yet  nearest 
to  tbe  sun,  is  36,814,721  miles  from  that  luminary.  This  planet 
emits  a bright  white  light,  and  sometimes  appears  a little  after 
sunset,  and  again  a little  before  sunrise : but  as  this  plane!  is 
so  very  near  the  son,  and  of  itself  very  small,  we  seldom  see 
him  without  a telescope.  As  seen  through  a telescope.  Mer- 
cury exhibits  all  the  phenomena  of  the  moon,  which  show's  that 
it  receives  its  light  from  the  sun.  as  doe*  our  earth.  The  perio- 
dical revolution,  mean  distance  from  the  sun.  fcc.  of  Mercury, 
are  all  given  in  the  foregoing  table*.  The  beat  observations  of 
this  planet  are  those  made  w hen  it  is  seen  on  the  sun’s  disc  or 
face,  called  the  transit  of  Mercury.  The  last  transit  happened 
in  1822,  and  the  intervals  are  very  remote.  The  apparent 
diameter  is  about  eleven  seconds  ; Itciire  the  real  diameter  is 
3108  miles,  or  about  one-sixteenth  of  the  magnitude  of  tbe 
earth. 

Inns,  2 , Fig.  Ill, — Venus,  the  next  planet  above  Mercury, 
is  computed  to  be  sixty-eight  millions  of  miles  front  the  sun, 

and  by  moving  at 

&&&&  tbe  rate  of  seven  - 

|!  | tjfmP-  1 mile*  an  hour,  she 
completes  her  an  - 
ffigylgfjfPt  nual  revolution  in 

t 224  days  and  16 

JMbrRb;  A hour*,  49'  1 1"  and 
I*",!'  ■:  i^'  ^dm[  a half,  and  her 

Mr^  idrtflnmn  synodical  revolu- 
tion is  about  548 
days.  Her  diameter  is  seven  thousand  seven  hundred  miles, 
or  nearly  the  niste  of  our  earth,  and  her  diurnal  rotation  on  her 
axis  is  performed  in  23  hours  21  minutes  and  T(.  Venus  is 
often  seen  by  the  unassisted  eye  in  broad  daylight  The  pro- 
portion of  light  and  heat  received  by  this  planet  from  the  sun 
is  1*91  times  greater  than  the  earth.  And  it  is  surrounded  with 
an  atmosphere,  the  refractive  powers  of  which  differ  very  little 
from  ours.  Like  Mercury,  it  sometimes  passes  over  the  sun's 
face,  and  its  transit  has  been  applied  to  one  of  the  most 
important  problems  in  astronomy,  as  by  it  the  true  distances  of 
the  planets  from  tbe  sun  have  hern  determined.  These  transits 
take  place  in  tbe  months  of  June  and  December.  The  first 
will  be  on  tho  8th  December,  1874.  When  Venus  is  to  the 
west  of  the  son,  it  rises  before  the  sun.  and  is  called  n morning 
star ; this  appearance  continues  about  290  days  together ; when 
this  planet  is  to  the  east  of  the  sun,  it  sets  after  the  sun,  and  is 
called  an  evening  star  for  about  the  same  period  of  290  days. 
Venus  appears  the  brightest  of  tbe  planets  ; it  bas  a consider- 
able atmosphere,  and  some  astronomers  assert,  that  they  have 
discovered  mountains  on  its  surface  At  times  Ous  planet 
appears  gibbons  like  the  moon,  fig.  1 1 1. 
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The  Earth,  0,  fig.  112. — 1 The  Earth  which  we  inhabit  is  the 
planet  next  in  order;  hence  we  say.  Mercury  and  Venus  are 
inferior ; but  all  the  planets  which  are  further  from  the  sun  than 
the  Earth  is,  arc  superior  planets.  The  Earth  is  93  millions  of 
miles  from  the  sun;  it  performs  its  sidereal  revolution  in 
366d  fib  9'  11"  6;  and  it  passes  from  the  one  tropic,  to  the 
saute  again,  in  only  363d  fth  4i?  61"  6.  The  axis  of  the  Earth 
is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  23°  27’  67", 
and  the  points  of  intersection  arc  called  the  equinoctial  points  ; 
and  the  ecliptic  is  the  path  of  the  Earth  in  its  annual  revolu- 
tion round  the  sun. 

There  are  several  ways  of  shewing,  that  the  Earth  upon  which 
we  live  is  spherical,  like  an  orange  ; and  this  is  the  form  of  all 
the  planets.  The  shadows  of  bodies  in  general  take  the  form  of 
their  originals.  The  shadow  of  the  Earth  on  the  moon,  that  is 
to  say,  an  eclipse  of  the  moon  is,  circular:  the  Earth  is,  therefore. 
globular.  Several  navigators,  by  sailing  westward,  have  reached 
the  port  they  first  left.  They  must,  therefore,  have  sailed  round 
a globular  surface.  And  they  have  observed,  that  on  leaving 
land  the  shores  first  disappeared,  then  the  hills.  On  the  coo. 
trarv.  approaching  land,  mountains  are  first  seen,  then  the 
shores.  These  facts  also  corroborate  onr  illustration  of  the 
Earth's  sphericity.  The  Earth  is  supposed  to  be  surrounded 
by  various  lines,  that  indicate  portions  of  its  surface,  or  enable 
us  to  perform  the  mechanical  operations  of  Geography,  Navi- 
gation, and  Astronomy.  The  axis  of  the  Earth  is  an  imaginary 
line  passing  through  its  centre.  Upon  this  line  it  is  supposed 


to  turn  in  its  diurnal  revolution.  The  poles  of  (he  Earth  are  the 
extremities  of  its  axis.  The  lines  or  circles  surrounding  the 
Earth  are  of  two  names,  great  and  small.  All  great  circles 
divide  the  Earth  into  two  equal  portions  ; all  small  circles  cut 
it  in  unequal  parts.  The  equator  is  a great  circle  equidistant 
from  both  poles.  The  latitudes  of  places  are  reckoned  north 
or  south  of  the  equator,  as  they  Ur  on  either  side  of  that  line. 
Meridians  are  great  circles  of  the  Earth,  crossing  tho  equator 
at  right  auglcs,  and  terminating  in  the  poles.  Parallels  of  lati- 
tude arc  less  circles,  drawn  parallel  to  the  equator.  The  longi- 
tude of  a place  is  the  distance  of  the  meridian  of  that  place, 
cast  or  west,  from  the  first  meridian.  As  the  Earth  revolves 
round  its  axis  daily  from  west  to  east,  the  heavenly  bodies 
appear  to  a spectator  on  the  Earth  to  revolve  in  the  same  time 
from  east  to  west,  and  the  alternate  succession  of  day  and  night 
is  the  c fleet  of  the  revolution  of  the  Earth  towards  and  from  the 
sun.  For  all  the  heavenly  bodies  appearing  to  move  from  east 
to  west,  while  the  Earth  revolves  from  west  to  east,  the  sun 
will  appear,  in  each  revolution,  to  rise  above  the  horizon  in  the 
east,  and  after  describing  a portion  of  a circle,  to  act  in  the 
west,  and  will  continue  below  the  horizon,  till,  by  the  revolu- 
tion of  the  Earth,  it  again  appears  in  the  east : and  thus  day 
and  night  are  alternately  produced. 

The  Sun  is  supposed  to  be  fixed,  not  in  the  centre  of  the 
Earth's  elliptical  orbit,  but  in  one  of  the  foci.  Let  F represent 
the  Sun,  (tig.  112)  and  A 11  CD  the  Earth's  elliptical  orbit.  Then 
A is  the  prribcUon,  or  lower  apsis,  being  the  Earth's  nearest 


distance  from  the  Sun;  C is  tho  aphelion,  or  higher  apsis,  1 with  this  perpendicular ; then  if  the  Earth  movo  in  A,  B,  C,  D, 
being  its  greatest  distance  ; and  the  distance  between  the  Sun  so  that  N S may  always  remain  parallel  to  itself,  with  the  same 
(in  the  focus)  and  the  centre  S,  is  called  the  eccentricity  of  the  angle  to  ab , it  will  denote  the  seasons;  for,  a line  drawn  from 
Earth's  orbit.  If  from  tlm  centre  there  be  erected  upon  the  the  San  to  the  Earth,  the  Sun  will  be  vertical  to  that  part  cut 

axis  a perpendicular  meeting  the  orbit  in  L.  a point  in  the  by  this  line.  Now,  when  the  Earth  is  in  Libra  , the  Son  will 

centre  of  the  figuro  B,  and  the  line  F L be  drawn,  it  will  repre-  appear  in  Aries  <y>,  and  wo  have  Spring,  the  days  and  nights 
sent  the  Earth’s  mean  distance  from  the  Sun,  being  equal  to  ; are  equal  in  both  hemispheres,  and  the  season  a medium 
half  the  axis  AC,  consequently  F L is  93  millions  of  miles,  j between  summer  and  winter ; the  line  dividing  the  dark  and 

The  phenomena  of  the  different  seasons  of  the  year  will  ap-  , light  hemispheres,  passes  through  the  poles  N and  S,  dividing 

pear  from  the  following  observations  : — Let  AB  C D represent  j all  the  parallels  of  latitude,  as  P K,  equally  ; hence  all  the 
the  Earth's  annual  orbit,  with  the  Suu  in  the  focus  F;  ab.  un  inhabitants  of  the  Earth  have  their  days  and  nights  equal,  viz. 
imaginary  line  through  the  Earth's  centre,  perpendicular  to  this  twelve  hours  each.  While  the  Earth  moves  from  Libra  a to 
plane  ; the  axis  N S,  of  the  Earth,  forming  an  angle  of  23°  2 S'  j Capricorn  y f,  the  north  pole  N will  be  cuorc  enlightened,  and 
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the  south  pole  S more  diftrkitied  ; hcnrc  the  days  in  the  northern 
hemisphere  will  increase,  and  in  tbo  southern  hemisphere 
decrease,  the  parallels  of  latitude  bring  unequally  divided. 
When  the  Earth  has  arrived  at  Capricorn  y?»  the  Son  will 
appear  in  Cancer  33  : this  period  is  a medium  between  spring 
and  autumn,  and  is  called  dNmmrrin  the  northern  hemisphere  •„ 
in  the  southern,  w inter  then  reigns ; at  the  north  pole,  and  a itliin 
the  arctic  circle,  there  will  be  constant  day ; at  the  south  pole, 
and  within  the  antarctic  circle,  constant  night.  While  the 
Earth  moves  from  Capricorn  yf  to  Aries  qr.  the  south  pole  will 
he  more  enlightened  ; consequently,  the  days  in  the  southern 
hemisphere  will  increase,  and  decrease  in  the  northern  hemi- 
sphere. When  the  Earth  has  arrived  at  Aries  <y\  the  Sun  will 
appear  in  Libra  £s,  and  the  days  and  nights  be  again  equal  all 
over  the  Earth:  this  period  is  a medium  between  summer  and 
winter,  and  is  called  AufMntn.  Again,  as  the  Earth  moves  from 
Aries  <y-  towards  Cancer  ©,  the  light  will  gradually  leave  the 
north  pole  and  proceed  to  the  south : when  the  Earth  has  arrived 
at  Cancer  <3.  it  will  he  summer  in  the  southern  hemisphere, 
and  winter  in  the  northern:  the  south  pole  will  have  continual 
day,  the  north  pole  constant  night : this  period  is  a medium 
between  autumn  and  spring,  and  is  denominated  Winter. 
Lastly,  while  the  Earth  moves  from  Cancer  © to  Capricorn  yf, 
the  Sun  will  appear  to  move  from  Capricorn  Yf  to  Cancer  ©, 
and  the  days  in  the  northern  hemisphere  will  increase,  while 
those  in  the  southern  diminish ; and  while  the  Earth  moves 
from  Capricorn  yf  to  Cancer  ©,  the  Sun  will  appear  to  move 
from  Cancer  © to  Capricorn  yf,  the  days  in  the  northern  hemi- 
sphere will  decrease,  and  those  in  the  southern  increase.  lu 
all  situations  of  the  Earth,  the  equator  will  be  divided  equally  ; 
consequently,  the  days  and  nights  at  the  equator  are  always 
equal.  Thus,  the  different  seasons  are  clearly  accounted  for, 
by  the  inclination  of  the  Earth’s  avis,  the  plane  of  its  orbit 
combined  with  the  parallel  motion  of  that  axis. 

The  axis  of  the  Earth,  in  its  circuit  round  the  sun,  being 
inclined  to  the  plane  of  its  orhit,  this  inclination  occasions  the 
succession  of  the  four  seasons.  The  Earth's  axis  makes  an 
angle  of  G6P  32*  with  its  orbit,  that  is,  with  the  ecliptio,  and 
always  preserves  its  parallelism,  or  is  directed  towards  the 
same  point  in  the  heavens;  hcnco  daring  one  half  of  the  year 
the  north  pole  is  continually  illuminated  by  the  sun,  and  the 
south  pole  is  all  that  time  in  darkness  ; and  during  the  other 
half  the  year,  the  south  pole  is  constantly  in  the  lignt,  and  the 
north  pole  is  in  darkness ; and  other  parts  in  a proportional 
degree  partake  of  this  vicissitude,  and  create  the  variety  of  the 
seasons.  The  difference  in  the  degrees  of  heat,  is  owing  chiefly 
to  the  different  heights  to  which  the  sun  rises,  and  the  different 
lengths  of  the  days.  When  the  sun  rises  highest,  in  summer, 
its  rays  fall  less  obliquely,  and  consequently  more  of  them  fall 
on  any  given  portion  of  the  Earth's  surface  than  in  winter, 
when  the  rays  fall  obliquely  ; and  when  the  days  are  long,  and 
the  nights  short,  the  earth  and  air  arc  more  heated  in  the  day 
than  they  are  cooled  in  the  night,  and  the  reverse  when  the 
days  are  short  and  the  nights  long.  The  lengthening  and 
shortening  of  the  days,  and  the  different  seasons,  are  produced 
by  the  motion  of  the  Earth.  N S,  fig.  112,  in  its  orbit  round  the 
sun.  F.  The  axis  of  the  Earth  N S inclines  to  the  plane  of  the 
orbit,  and  is  parallel  to  itself  in  all  parts  of  the  orbit.  In  June 
the  north  pole  N inclines  to  the  sun,  and  it  is  summer  in  the 
northern  parts  of  the  earth  ; in  December  the  north  pole 
declines  from  the  sun,  and  it  is  winter  in  the  northern  and 
summer  in  the  southern  hemisphere. 

There  arc  several  ways  of  demonstrating  that  the  planets 
move  round  the  sun;  thus.  Mercury  aud  Venus  always  appear 
in  the  neighbourhood  of  the  sun,  and  if  the  sun  revolved  round 
the  Earth  as  a centre,  so  must  these  planets;  but  if  they  did, 
then  the  motion  of  each  would  always  appear  to  us  nearly 
equable,  and  in  tho  same  direction  ; whereas  now  they  are 
sometimes  stationary,  or  have  no  proper  motion  ; sometimes 
they  move  eastward  in  reference  to  the  fixed  stars,  and  their 
motion  is  then  called  direct,  progressive,  or  in  con  try  urn  tin  ; 
sometimes  they  move  westward,  and  have  a retrograde  motion, 
when  they  are  said  to  move  in  antecedentia ; appearances 
which  are  necessary,  when  we  admit  the  sun  to  be  the  centre  of 
Uieir  orbits,  and  of  tho  Earth’s,  but  wholly  irrcconcileablc  with 
any  other  hypothesis. 


! Moreover,  when  Mercury  and  Venus  appear  in  conjunction 
j with  the  sun,  they  arc  somrtimes  hid  behind  (he  body  pf  the 
! sun.  and  sometimes  pass  between  it  and  (he  Earth,  appearing 
like  a dark  spot  on  the  sun's  disc  or  face  ; but  if  they  have  lati- 
tude, when  in  their  superior  conjunction,  that  is,  when  beyond 
the  sun,  they  shine  with  a face  perfectly  circular,  like  a full 
moon.  But  the  face  disappears  in  their  inferior  conjunction, 
that  is,  when  between  us  and  the  sun,  as  the  moon  does  at 
her  change  ; whence  it  is  evident,  that  their  orbits  arc  between 
the  sun  and  the  orbit  of  the  Earth.  Mars  sometimes  appears 
in  opposition  to  the  sun,  which  proves  that  its  orhit  includes 
that  of  the  Earth  ; and  that  it  includes  the  sun  is  plain,  other- 
wise Mars  would,  in  its  conjunction  with  the  sun,  disappear, 
like  Mercury  and  Venus,  which  never  happens : the  same  may 
be  observed  of  Jupiter,  Suturn.  and  Herschel.  The  motions  of 
the  Earth  in  its  orhit  arc  proved,  by  the  effect  of  its  motion  on 
the  apparent  motions  uf  the  several  planetary  bodies.  These, 
as  the  Earth  happens  to  be  situated,  become  stationary,  retro- 
grade, or  direct,  and  the  variations  are  exactly  measured  by 
motions  referred  to  the  Earth,  like  the  motions  of  objects 
ashore,  when  we  arc  moving  in  a boat. 

As  the  Earth  revolves  round  the  sun  in  365  days,  6 hour*. 
66  minutes.  4 seconds,  the  sun  appears  to  revolve  round  the 
Earth  in  the  same  time,  but  in  the  contrary  direction.  It  is 
manifest,  that  the  circle  in  which  the  sun  appears  to  move,  is 
the  same  in  which  the  Earth  would  appear  to  move  to  a specta- 
tor in  (he  sun.  Hcncc  the  apparent  place  of  the  sun  being 
found,  the  true  place  of  the  Earth  in  its  orbit  is  known  to  b«* 
180°  distant.  The  orbit  in  which  the  Earth  revolves  round  the 
sun,  fig.  112,  is  an  ellipse,  having  the  sun  in  one  of  its  foci. 
For  the  computations  of  the  sun's  place,  upon  this  supposition, 
allowing  for  the  disturbing  forces  of  the  planets,  arc  found  to 
agree  with  observations.  The  circle  which  the  sun  appears  to 
describe  annually  among  the  more  distant  fixed  stars,  is  called 
the  Ecliptic ; and  a portion  of  the  heavens,  about  10  degrees  in 
breadth,  through  the  middle  of  which  the  ecliptic  is  traced,  is 
called  the  Zodiac,  in  which  the  orbits  of  all  the  planets  are 
described  hy  their  respective  revolutions.  The  stars  round  the 
Zodiac  are  classed  in  12  eigne:  Aries.  Taurus,  Gemini,  Cancer, 
Leo,  Virgo,  Libra,  Scorpio,  Sagittarius,  Capricorn,  Aquarius, 
Pisces.  Figures,  representing  these  signs,  arc  drawn  in  Dr. 
Jamieson's  Celestial  Atlas,  and  upon  the  Celestial  Globe, 
in  that  portion  of  its  spherical  surface  which  corresponds  to 
the  portion  of  the  concave  sphere  of  the  heavens  in  which  the 
stars  belonging  to  each  sign  arc  respectively  found. 

Spring  Signs • | Summer  Signs. 

Tp  Aries,  the  Ram.  21st  March.  © Cancer,  the  Crab,  21st  June. 
8 Taurus,  the  Bull,  19th  April.  I.eo,  the  Lion,  22d  July, 
n 6>wi«i,t he Tw ins,20th  May.  , rt|t  Virgo,  the  Virgin,  22d  Aug. 

The**  are  called  Northern  Sign*,  being  aorfb  of  the  equinoctial. 

Autumnal  Signs.  I Winter  Signs* 

Libra,  the  Balance.  23d  Yf  Capricorn**,  the  Goat,  21st 
September.  1 December. 

HI  Scorpio,  the  Scorpion,  23d  tc;  Aquarius,  the  Water-bearer, 
October.  I 2»th  January. 

/ Sagittarius,  the  Archer,  22d  X Pisces,  the  Fishes,  19th 
November.  I February. 

These  arc  called  southern  signs.  The  spring  and  autnmnal 
signs  are  called  ascending  signs  ; because  when  the  sun  is  in 
any  of  these,  his  declination  is  increasing.  The  summer  and 
winter  signs  arc  called  descending  signs ; because  when  the 
sun  is  in  any  of  these,  his  declination  is  decreasing. 

The  axis  of  the  Earth  in  every  part  of  the  Earth’s  revolution 
' about  the  sun.  makes,  with  the  plane  of  its  orbit,  that  is,  of  the 
rcliptic,  an  angle  of  06$  degrees,  consequently  the  planes  of 
(lie  equator  and  ecliptic  make  with  each  other  an  angle  of  23$ 
degrees  nearly,  being  the  complement  of  90  degrees.  The 
obliquity  of  the  ecliptic  is  not  permanent,  hut  is  continually 
diminishing  hy  the  ecliptic  approaching  nearer  to  a parallelism 
with  the  equator,  at  the  rate  of  about  half  a second  in  a year, 
or  from  fitr  to  &>r  in  100  years.  The  inclination  at  this  time  is 
23°  27*  4<Jf  nearly.  The  diminution  of  the  obliquity  of  the 
ecliptic  to  the  equator,  is  owing  to  the  action  ot  the  planets 
upon  the  earth,  especially  tho  planets  Venus  and  Jupiter.  Thu 
whole  diminution,  it  is  said,  can  never  exceed  one  degree, 
when  it  w ill  again  increase.  The  diminution  of  the  obliquity  of 
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the  ecliptic  is  a consequence  of  the  approach  of  the  Earth’s 
axis  towards  a perpendicular  direction  to  the  plane  of  the 
ecliptic;  but  the  Earth's  axis  has,  besides  the  progressive 
motion,  a tremulous  one,  by  which  its  inclination  to  the  plane 
of  the  ecliptic  varies  backwards  and  forwards  some  seconds ; 
the  period  of  these  variations  is  nine  years.  The  tremulous 
motion  is  termed  the  nutation  of  the  Earth’s  axis.  Both  these 
motions  of  the  terrestrial  axis  are  occasioned  by  the  action  of 
the  sun,  moon,  and  planets  on  the  earth. 

There  are  several  other  astronomical  phenomena,  that  belong 
to  these  scientific  views  of  the  Earth  ; but  we  ’rfill  give  them  in 
their  proper  places,  rather  than  encumber  this  article  with 
what  is  more  detached. 

The  Moon,  the  Earth’s  satellite,  has  motions  eccentric  and  irre- 
gular. She  performs  her  sidereal  revolution  in  27d  7H  43*  11*,5 
But  this  period  is  variable,  and  on  comparison  of  the  modern 
observationswith  the  ancients,  proves  incontestably  an  accelera- 
tion in  her  mean  motion.  Her  mean  tropical  revolution  is  27d  7b 
43*  4" ,7;  and  her  mean  synodical  revolution  is  #1  1 2b  4*/  2*.8. 
Her  mean  distance  from  the  earth  is  98*082176  times  the  diameter 
of  the  terrestrial  equator ; or  above  237,000  miles.  Her  orbit  is 
inclined  to  the  plane  of  the  ecliptic  in  an  angle  of  6°  O' ; but 
this  inclination  is  variable.  The  greatest  inequality,  which 
sometimes  extends  to  O'  47\l,  is  proportional  to  the  co-sine  of 
the  angle  on  which  the  inequality  of  the  nodes  depends.  Her 
orbit,  at  the  commencement  of  the  present  century,  crossed 
the  ecliptic  in  0#  16°  66'  26*, 3 ; but  the  place  of  her  nodes  is 
variable.  They  have  a retrograde  motion,  and  make  a sidereal 
revolution  in  about  18*6  Julian  years.  A synodical  revolution 
of  the  nodes  is  performed  in  346d  14b  62'  43", 6.  The  motion  of 
the  nodes  is  subject  also  to  a secular  inequality,  dependent  on 
the  acceleration  of  the  Moon's  mean  motion.  The  rotation  of 
the  Moon  on  her  axis  is  equal  and  uniform  ; and  it  is  performed 
in  the  same  time  as  the  tropical  revolution  in  her  orbit,  whence 
she  always  presents  nearly  the  same  face  to  the  earth.  But, 
as  the  motion  of  the  Moon  in  her  orbit  is  periodically  variable, 
we  sometimes  see  more  of  her  eastern  edge,  and  sometimes 
more  of  her  western  edge.  This  appearance  is  called  the  libra- 
tion  of  the  Moon  in  longitude.  The  axis  of  the  Moon  is  inclined 
to  the  plane  of  the  ecliptic  in  an  angle  of  88^  29'  49*.  In  conse- 
quence of  this  position  of  the  Moon,  her  poles  alternately 
become  visible  to,  and  obscured  from  us;  and  this  phenomenon 
is  called  her  lihration  in  latitude.  There  is  also  another  optical 
deception,  arising  from  the  Moon  being  seen  from  the  surface  of 
the  earth,  instead  of  the  centre.  This  appearance  is  called  her 
diurnal  lihration.  The  figure  of  the  Moon  A,B.  C.&c.  (fig. 1 13.)  is 
that  of  an  ohtate  spheroid  like  the  earth  T.  Her  mean  diameter 
is  in  the  proportion  to  that  of  the  earth,  as  6823  to  21332 ; or,  as 
1 to 8*866.  Whence  her  mean  diamctcrwill  be  about  2 1 60  miles. 
But  the  apparent  diameter  of  the  Moon  varies  according  to  her 
distance  from  the  earth.  When  nearest  to  ns,  it  is  33'  31', l ; 
and  at  her  greatest  distance  it  is  29*  21* A Hence  her  mean 
apparent  diameter  is  31'  26* A The  different  phases  of  the 
Moon  constitute  some  of  the  most  striking  phenomena  of  the 


heavens.  When  she  emerges  from  the  sun’s  ray*,  S,  in  the  even- 
ing, she  appears  as  a small  crescent,  b,  just  visible;  but  as  she 


separates  from  the  tun  this  crescent  increases,  t,  «f,  till  in  oppo- 
sition,*, when  the  moon  is  completely  illuminated.  This  circle 
changes  reversely  into  a crescent,  f,g,k,  till  the  Moon  has 
plunged  into  the  sun’s  rays  in  the  morning  at  sun-rise.  And 
the  crescent  being  always  directed  to  the  sun.  indicates  that  the 
Moon  is  herself  a dark  opaque  body,  borrowing  her  light  from 
the  sun.  These  different  phases.  A.B,  C,  D,  &c.  of  the  Moon 
are  renewed  after  every  conjunction  ; and  the  points  of  the 
lunar  orbit,  in  which  the  Moon  is  cither  in  conjunction  or 
opposition  to  the  sun,  are  called  the  tyst/gitt.  In  the  first 
point,  the  Moon  is  new,  in  the  second  full ; in  her  first  quarter 
the  Moon  is  90°  from  the  first  point ; in  her  third  quarter  270° 
from  the  same  point. 

Mart,  $ , fig.  1 14. — Mars  first  above  the  earth’s  orbit  is  easily 
known  by  hia  red  and  fiery  appearance.  He  performs  his  side- 
real revoluliun  in  0*6<t  23b  30'  39",  or  in  1*881  Julian  year;  and 
his  mean  synodical  revolution  is  about  780  days,  or  in  about 
2*136  years.  His  mean  distance  from  the  sun  is  above  142 
millions  of  miles.  The  rotation  on  his  axis  is  performed  in 
his  mean  diameter  is  4388  miles,  or  rather 
more  than  one  half 
the  size  of  our  earth. 
This  planet  has  a 
very  dense  hut  mo- 
derate atmosphere, 
and  he  is  not  attend- 
ed by  any  satellite. 
And  the  proportion 
of  light  and  heat  re- 
ceived by  him  from 
the  sun  is  *43,  that  received  by  tne  earth  being  considered  as 
unity.  Mars  changes  his  phases  in  the  tame  manner  as  tho 
moon  does,  front  her  first  to  her  third  quarter,  according  to  his 
various  positions  with  respect  to  the  caith  ami  sup, 

Vesta  A. — This  planet  was  discovered  by  Dr.Olbers,  of  Bre- 
men, on  the  29th  of  March,  1897:  its  distance  from  the  sun  is 
226,436,000  miles,  and  the  length  of  its  year,  3 yeais  210  days 
6 hours.  Vesta  appears  like  a star  of  the  fifth  magnitude. 

Juno  f.^Juno was  discovered  by  Mr.  Harding,  of  Lilienthal, 
in  the  duchy  of  Bremen,  on  the  first  of  September,  1801.  It 
appears  like  a star  of  the  eighth  magnitude:  its  distance  from  * 
the  sun  is  263,380.486  miles,  and  its  periodical  revolution  is 
performed  in  4 years  and  131  days, 

Certt  Ceres  was  discovered  by  M.  Piazzi,  astronomer 
royal,  at  Palermo,  in  the  island  of  Sicily,  on  the  1st  of  January, 

1801.  The  length  of  its  year  is  4 years  221  days  13  hours  ; its 
distance  from  the  sun  is  202,903,670  miles,  and  its  diameter, 
according  to  Dr.  Herschcl,  is  about  162  miles.  Ceres  appears 
like  a star  of  the  eighth  magnitude. 

Pallai  $ , was  discovered  by  Olbers  on  the  2Slh  of  March. 

1802.  Its  distance  from  the  sun  is  263,000,000  miles.  Its 
annual  revolution  is  completed  in  about  4 years  7 months  and 
10  days.  Like  the  two  former  newly  discovered  planets,  its 
diameter  and  diurnal  rotation  are  as  yet  unknown. 

Jupiter,  If.,  fig.  116,  is  about  four  hundred  and  eighty-five 
millions  of  miles  from  the  sun.  It  completes  its  annual  revolu- 
tion in  about  12  years,  moving  at  the  rate  of  29.000  miles  an 
hour.  Its  diameter  is 91AM)  miles,) et  by  an  exceedingly  rapid 
motion  upon  its  axis,  the  diurnal  rotation  is  performed  in  nine 

hours  and  65  minutes ! 
Notwithstanding  the 
great  distance  of  this 
fine  planet  from  the 
sun  and  the  earth,  it 
appears,  to  the  naked 
eve.  almost  as  lar^e  as 
Venus,  though  with  a 
less  brilliant  light. 
When  Jupiter  rises  as 
the  sun  sets,  and  sets 
as  the  sun  rises,  it 
comes  to  the  meridian 
at  midnight,  and  ap- 
pears larger  and  more 
luminous  that  at  other 
times.  It  is  a morning 
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blur  when  its  longitude  is  less  than  that  of  the  sun,  and  an 
evening  star  when  the  longitude  is  greater  than  that  of  the 
sun.  Jupiter  is  surrounded  by  faint  substances,  called  zones 
or  belts,  which,  from  their  frequent  change  in  number  and  situa- 
tion, are  generally  supposed  to  consist  of  clouds.  One  or  more 
dark  spots  frequently  appear  between  the  belts ; and  w hen  a 
belt  disappears,  the  contiguous  spots  disappear  likewise.  The 
time  of  the  rotation  of  the  diderent  spots  is  variable,  being 
less  by  six  minutes  near  the  equator  than  near  the  poles. 

Satellites  of  Jupiter. — By  the  aid  of  the  telescope  we  may 
discover  four  satellites  revolving  round  Jupiter.  The  side- 
real revolutions  of  these  bodies  are  given  in  the  following 
table:  together  with  their  mean  distances  from  Jupiter,  the 
semidiameter  of  that  planet's  equator  being  considered  as 
unity;  and  likewise  their  masses,  compared  with  Jupiter, 
considered  also  as  unity. 

Table. 


Satellite. 

Sidereal  Revolution. 

M can  | 
Diatauce.  I 

Mas*. 

I. 

l«i  1BX  27'  33", 3 

1*1  760137758118 

5*812064 

•00001732*1 

II. 

3 IS  13  4 X .0 

3 331181017840 

0*2181.70 

000(1232355 

III. 

7 3 42  33  .4 

7 151332783970 

14-732401 

*0000884072 

IV. 

10  16  31  40  ,7 

jIG  658760707084  25046860 

*0000426301 

The  satellites  of  Jupiter  are  liable  to  he  eclipsed  by  passing 
through  his  shadow  ; and  on  the  other  hand,  they  are  frequently 
seen  to  pass  over  his  disk,  and  eclipse  a portion  of  his  surface. 
This  happens  to  the  first  and  second  satellite  at  every  revolu- 
tion ; the  third  very  rarely  escapes  in  each  revolution  ; but  the  . 
fourth  (on  account  of  its  great  distance  and  inclination)  is 
seldom  obscured.  These  eclipses  are  of  great  utility,  in 
enabling  us  to  determine  the  longitude  of  places,  by  their 
observation ; and  they  likewise  exhibit  some  curious  pheno- 
mena with  respect  to  light.  From  the  singular  analogy  above 
nlludcd  to,  it  follows,  that,  (for  u great  number  of  years  at 
least,)  the  first  three  satellites  cannot  he  eclipsed  at  the  same 
time;  for  in  the  simultaneous  eclipses  of  the  second  and  third, 
the  first  will  always  bo  in  conjunction  with  Jupiter,  aud  rice 
rersi. 

•Saturn,  fy,  fig.  117. — Saturn  is  about  eight  hundred  and 
ninety  millions  of  miles  from  the  sun.  It  moves  at  the  rate  of 
22.000  miles  an  hour,  and  performs  its  annual  revolution  in  a 
little  less  than  29J  years.  His  mean  distance  from  the  sun  is 
above  800  millions  of  miles.  The  rotation  on  its  axis  is  per- 
formed in  10h  Iff  10*, 2;  and  the  axis  is  inclined  in  an  angle  of 
58°  41'  to  the  plane  of  the  ecliptic.  His  mean  diameter  is 
70068  miles ; consequently  he  is  nearly  ten  times  as  large  as 
our  earth.  The  axis  of  his  poles  is  to  his  equatorial  diameter 
as  II  to  12.  The  proportion  of  light  and  heat  received  from 
the  sun  is  ‘0011  ; that  received  by  the  earth  being  considered 
as  unity.  Saturn  is  sometimes  marked  by  zones  or  belts, 
whioii  are  probably  obscurations  in  his  atmosphere  ; and  he  is 


accompanied  by  seven  satellites.  The  most  singular  pheno- 
menon. however,  attending  this  planet,  is  the  double  ring  with 
which  he  is  surrounded.  This  ring,  which  is  very  thin  and 
broad,  is  inclined  to  the  plane  of  tho  ecliptic  in  an  angle  of 
31°  Iff  12\0;  and  revolves  from  west  to  cast,  in  a period  of 
101*  29'  to*, 8,  about  an  axis  perpendicular  to  its  plane,  and 
passing  through  the  centre  of  the  planet.  The  breadth  of  the 
0* 


ring  is  neatly  equal  to  its  distance  from  the  surface  of  Saturn ; 
that  is,  about  one-tldid  of  the  diameter  of  the  planet.  Tho 
surface  of  the  ring  is  separated  in  the  middle  by  a black  con- 
centric band,  which  divides  it  into  two  distinct  rings.  Tho 
edge  of  this  ring,  being  very  thin,  sometimes  disappears;  and, 
as  this  edge  will  present  itself  to  the  sun  twice  in  each  revolu- 
tion of  the  planet,  it  is  obvious  that  the  disappearance  of  the 
ring  will  occur  about  once  in  15  years,  but  under  circumstances 
oftentimes  very  different.  The  intersection  of  the  ring  and  the 
ecliptic  is  in  6*  20°  aud  II*  20°  ; consequently,  when  Saturn  is 
j in  either  of  those  signs,  his  ring  w ill  he  invisible  to  us.  On  the 
■ contrary,  when  he  is  in  2»  20°  or  8*  20°,  we  may  see  it  to  most 
i advantage.  This  was  the  case  towards  the  end  of  the  year  181 1 . 

Satellites  of  Saturu. — Seven  satellites  may  be  seen,  by  means 
of  the  telescope,  to  revolve  about  Saturn  ; the  elements  of 
which  arc  hut  little  known,  on  account  of  their  great  distance. 
The  following  table  will  shew  the  duration  of  their  sidereal 
revolutions,  and  their  mean  distances  in  semidiameters  of 
Saturn. 


SidtrtAl  Revolution. 

Mean  Distance. 

ErjS 

0<»  22*  37'  30",l 

0*‘  9427 1 

3*080 

■TfH 

1 8 63  8 ,7 

1 37024 

3*962 

1 21  18  2 6 ,9 

1 88780 

4-893 

IV. 

2 17  44  61  ,1 

2 731M8 

6*268 

V. 

4 12  25  II  .1 

4 61740 

8-764* 

VI 

15  22  11  13  J) 

15  94630 

20*295 

VII. 

79  7 54  37  ,4 

79  32960 

50*164 

The  orbit  of  the  first  six  satellites  appear  to  be  in  the  plane  of 
Saturn's  ring  ; whilst  the  seventh  varies  from  it  very  sensibly. 

1'i  ttHUf,  or  Hertrhef,  H,  called  also  Ueargium  Sidui,  was  dis- 
covered by  Dr.  Hcrschel  on  the  13lh  of  March.  1781.  Its  dis- 
tance from  the  sun  is  about  one  thousand  eight  hundred  mil- 
lions of  miles,  and  its  diameter  36,000.  Its  annual  revolution 
is  completed  in  about  eighty-four  years,  and  its  rotary  motion 
in  about  the  same  time  as  Saturn.  Die  appearance  of  IJranus 
is  that  of  a star  of  the  sixth  magnitude,  and  therefore 
it  can  scarcely  be  seen  without  a telcseojfe.  The  intensity 
of  light  or  heat,  on  this  distant  planet,  is  to  that  on  the  earth  as 
276  is  to  100,000.  And  the  sun's  diameter,  as  seen  from 
Uranus,  is  about  the  magnitude  of  Jupiter's  when  in  opposition. 

Satellites  of  Uranus. — Six  satellites  revolve  round  Uranus; 
which,  together  with  their  primary,  can  be  discovered  only  by 
the  telescope.  The  following  table  will  shew  their  sidereal 
revolutions,  and  mean  distances  in  semidiameters  of  tho 
primary. 


Satellite. 

Sidereal  Revolution. 

.Mean  Dular.ce 

I. 

6*1  24"  25'  20" ,6 

&■>  mm 

13*120 

"• 

8 16  67  47  ,5 

8 7068 

17  022 

III. 

10  23  3 69  .0 

10  9611 

19*846 

IV. 

13  10  56  29  .8 

13  4650 

22762 

V. 

38  1 48  0 .O 

3H  0760 

46*607 

V,. 

107  16  39  50  .2 

407  6944 

91*008 

All  these  satellites  move  in  a plane,  which  is  nearly  perpen- 
dicular to  the  plane  of  the  planet's  orbit,  and  contrary  to  the 
order  of  the  signs. 

Of  Cvmett. — Comets  are  opaque  and  solid  bodies.  A Comet, 
at  a given  distance  from  the  earth,  shines  much  brighter  when 
it  is  on  the  same  side  of  the  earth  with  the  sun,  than  when  it  is 
on  the  contrary  side ; from  whence  it  appears,  that  it  owes  its 
brightness  to  the  sun.  Of  all  the  comets,  the  periods  of  only 
three  are  known  with  any  degree  of  certainty.  The  first  of 
these  Cornels  appeared  in  tho  years  1631,  1697,  and  1682;  and 
is  expected  to  appear  every  76th  year.  The  second  of  them 
appeared  in  1632  and  1061,  and  was  expected  to  return  in  1780, 
and  every  129th  year  afterwards.  The  third  having  last 
appeared  in  16b0,  and  its  period  being  no  less  than  676  years, 
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cannot  return  until  the  year  2225.  This  Comet,  at  its  greatest 
distance,  is  about  eleven  thousand  two  hundred  millions  of 
miles  from  the  sun  ; and  at  its  least  distance  from  the  sun’s 
centre,  which  is  49,000  miles,  is  within  less  than  a third  part  of 
the  sun’s  semidinmeter  from  his  surface.  In  that  part  of  its 
orbit  which  is  nearest  the  sun,  it  moves  at  the  rate  of  880.900 
miles  in  an  hour.  The  t’hinesr  astronomers  record  the  ap- 
pearance of  about  300  Comets.  The  tail  of  the  Comet  of  1080 
was  at  least  luO  millions  of  miles  long  ; and  that  of  1812  was  30 
millions  of  miles.  The  Comets  trace,  around  the  sun,  very 
elongated  ellipses,  which  degenerate  into  parabola-.  Hence 
their  appearance  in  our  heavens  is  only  momentary,  because 
we  can  sec  them  in  only  so  small  a portion  of  the  curve  they 
describe,  though  for  some  it  extends  to  the  confines  of  the  solar 
system.  This  motion  is  without  fixed  direction;  the  Comets 
re  act  every  war,  and  frequent  perturbations  make  their  course 
devious.  Such  effect  did  the  re  action  of  Saturn  and  Jupiter 
produce  on  the  comet  of  1759.  By  the  action  of  Jupiter,  that  of 
1770  deviated  no  much  when  towards  its  perihelion,  that  its  orbit 
became  elliptic.  On  its  return,  the  same  effect  in  a contrary 
direction  caused  it  to  resume  its  parabolic,  course.  The  cause 
of  this  luminosity,  called  the  tail  of  a Comet,  has  been  thus 
described  : — - 

“ Suppose  a globe  of  water,  with  an  opaque  ball  in  its 
centre—  in  other  words,  the  pellucid  atmospherr  of  a comet  and 
its  nucleus— suppose  them  placed  in  the  sunshine  (the  situa- 
tion of  a Cornel  tit  nil  times,)  is  it  not  then  evident  that  the 
globe  of  water,  w ith  its  opaque  ball,  would,  by  the  refraction 
and  reflection  of  rays  of  light,  exhibit  all  the  phenomena  of  a 
Comet’s  tail,  under  all  the  circumstances  and  variations  of  that 
tail  ? By  the  ordinary  laws  of  refraction,  the  tail  would  be 
lengthened  as  it  approached  the  sun,  and  would  shorten  as  it 
receded,  which  we  know  accords  with  the  phenomena. 

M The  tail  of  a Comet  is  thence  considered  a grand  optical 
exhibition  of  the  phenomena  of  light.  As  the  solar  rays  pass 
In  their  ordinary  course  through  the  medium  of  spare,  they 
exhibit  no  peculiar  appearances;  but  when  they  impinge  on 
the  atmosphere  of  a planetary  body,  they  undergo  refractions 
and  reflections  ; then  they  exhibit  their  general,  visual  pheno- 
mena, whether  it  be  as  condensed  in  the  shape  of  a Comet’s 
tail,  or  in  giving  luminosity  to  the  figure  of  a planet.  As  the 
spherical  refracting  medium  approaches  the  source  of  light,  the 
foci  of  convcrgcncy  of  course  arc  extended,  and  the  quantity 
of  light  is  inert-used  ; and  then  is  the  Comet’s  tail  of  the  largest 
dimensions,  and  the  most  luminous.  As  it  recedes  from  the 
fountain  of  light,  the  foci  draw  nearer  to  the  Cornet,  and  the 
tail  shortens  ; at  length  the  Comet  recedes  so  far  from  the  sun. 
that  the  quantity  of  light  ceases  to  produce  the  same  visual 
effect,  while  the  increased  distance  from  the  earth  combines 
also  to  render  it  altogether  invisible. 

“ Telescopes  destroy  the  tail,  because  they  magnify  the  space 
without  increasing  the  light,  an  effect  which  is  universal  when 
they  are  applied  to  luminous  objects,  but  more  sensible  in 
regard  to  a Comet’s  tail  than  to  any  other  object  of  telescopic 
observation;  serving,  therefore,  to  prove  that  it  is  light  itself, 
rather  than  any  crude  vapour  on  which  light  is  impinging.  The 
stars  arc  seen  through  it,  because  they  shine  by  their  inherent 
light,  and  there  is  no  substance  or  opacity  intercepting  their 
rays. 

*’  Supposing  that  fluids  and  solids  compose  nearly  equal 
parts  ofComcts.it  will  not  he  difficult  to  explain  tlieir  varied 
aspect.  The  sun’s  expansive  action  being  null  in  its  aphelion, 
it  exhibits  properties  analogous  to  opaque  bodies,  but  less 
marked,  the  fluids  being  adequate  to  produce  a proper  light. 
In  this  state,  the  Comet  has  a solid  and  opaque  nucleus ; pro- 
portionally greater,  from  the  aqueous  vapours  condensed  from 
its  atmospheres;  which  last  is  of  a moderate  extent. 

**  Howr  pleasing  is  the  idea  of  contemplating  these  travelling 
worlds,  peopled  with  observers,  employed  in  contemplating 
the  universe  at  large,  as  we  are  busied  in  that  of  an  insignifi- 
cant atom  of  it;  passing  from  one  sun  to  another,  observing 
the  orbits  of  the  celestial  spheres ; viewing  their  particular  and 
general  revolutions;  over  their  heads  thousands  of  years 
rolling,  merely  ns  thousands  of  days  over  ours  !“ 

Fur  the  laws  by  which  the  planets  nrc  kept  in  their  respre-  I 
tive  positions,  or  whirled  with  unerring  precision  round  the  1 


sun.  and  amongst  one  another,  sec  the  articles  Attraction 
and  Laws  or  Pi.vsi.tvhv  Motion. 

The  Fixtd  Start. — Beside*  the  sun,  planets,  and  comets 
which  we  have  noticed,  as  belonging  to  our  system,  there  are 
other  phenomena  that  we  may  observe,  as  the  Fixed  Stars,  dis- 
tinguished from  the  planets,  by  being  less  bright,  less  luminous, 
and  exhibiting  continually  an  appearance,  which  we  rail  the 
ttrinklittp  of  the  start.  The  Fixed  Stars  are  so  named  from 
their  never  changing  their  situation  with  regard  to  each  other, 
as  the  planets  change  their  places.  They  are,  thence,  considered 
suns  of  other  systems  or  worlds.  How  magnificent  then  is 
this  universe ! 

1.  The  Fixed  Stars  are  luminous  bodies.  Because  they 
appear  ns  points  of  small  magnitude  when  viewed  through  a 
telescope,  they  must  he  at  such  immense  distances  as  to  he 
invisible  In  the  naked  eye.  if  they  borrowed  their  light ; as  is 
the  ease  with  respect  to  the  satellites  of  Jupiter  ami  Saturn, 
although  they  appear  of  very  distinguishable  magnitude 
through  a telescope.  Besides,  from  the  weakness  of  reflected 
light,  there  can  be  no  doubt  but  that  the  Fixed  Stars  shine 
with  their  own  light.  They  are  easily  known  from  the  planets 
by  their  twinkling. 

2.  The  number  of  Stars,  visible  at  any  one  time  to  the  naked 
eye.  is  about  KkXlj  but  Dr.  llersebel,  by  hi*  skilful  improve- 
ments of  the  reflecting  telescope,  has  discovered  that  the  whole 
number  is  great  beyond  nil  conception.  The  comparative 
brightness  of  the  Stars  is,  Sirius  loo,  Canopus  -98,  Ccnlauri  '96, 
Aebcrnar  *94. 

3.  The  magnitudes  of  the  Fixed  Stars  appear  to  be  different 
from  one  another,  which  difference  may  arise  either  from  a 
diversity  in  the  real  magnitudes,  or  distances  ; or  from  both 
these  causes  acting  conjointly.  The  difference  in  the  apparent 
magnitude  of  the  Star*  is  such  as  to  admit  of  their  being  divided 
into  six  classes,  the  largest  being  called  Stars  of  the  first  mag- 
nitude, and  the  least  which  arc  visible  to  the  naked  eye.  Stars 
of  the  sixth  magnitude.  Stars  only  visible  by  the  help  of 
glasses  are  called  telescopic  Stars.  Bode’s  catalogue  contains 
17,0ti0  Stars.  Dr.  Halley  very  justly  remarks,  that  the  Stars 
must  be  iufiuilc  in  number,  to  mninlaiii  their  equilibrium  in 
space.  And  Dr.  Hcrschcl  thinks  ho  has  seen  Stars  42.000  limes 
ns  far  off  as  Sirius.  In  one  instance,  a duster  of  5000  stars, 
in  a mass,  were  barely  visible  in  the  40-foot  telescope,  and 
consequently  must  have  been  II  trillions  of  miles  off! 

4 It  must  not  be  inferred,  that  all  the  Stars  of  each  class 
appear  exactly  of  the  same  magnitude,  there  being  great  lati- 
tude given  in  this  respect ; even  those  of  the  first  magnitude 
appear  almost  all  different  in  lustre  and  size.  There  are  also 
other  Stars  of  intermediate  magnitudes,  which,  os  astionomers 
cannot  refer  to  any  one  class,  they,  therefore,  place  them 
between  two;  or  that,  in  place  of  six  magnitudes,  there  arc 
probably  as  many  different  magnitudes  as  there  are  Stars. 

6.  To  the  naked  cyo.  the  Stars  appear  of  sonic  sensible 
magnitude,  owing  to  the  glare  of  light  arising  from  nuni- 
brrlcss  reflections  of  rays  coming  to  the  eye;  this  leads  us 
to  imagine,  that  the  Stars  arc  much  larger  than  they  would 
appear,  if  we  saw  them  only  by  the  few  ravs  which  come  directly 
from  them,  and  entered  the  eye  without  being  intermixed  with 
others.  Examine  n Fixed  Star  of  the  first  magnitude,  through 
a long  and  narrow  tube,  which,  though  it  takes  in  as  much  of 
the  sky  ns  would  hold  a thousnud  such  stars,  scarcely  renders 
that  one  visible.  Even  our  best  telescopes  do  not  enlarge  these 
gems ; and  there  seems  but  little  reason  to  expect,  that  the  real 
magnitudes  of  the  Fixed  Stars  will  ever  be  discovered  with 
certainty;  we  must,  therefore,  lie  contented  with  an  approxi- 
mation, deduced  from  their  parallax,  and  the  quantity  of  light 
they  afford  us  compared  with  the  sun.  To  this  purpose,  l)r. 
Hcrschcl,  with  a magnifying  power  of  (M6U,  and  by  means  of 
his  new  micrometer,  found  the  apparent  diameter  of  a Lyra;  to 
be  0'-33&,  or  the  third  of  a second. 

The  ingenious  observations  of  Kepler  upon  the  magnitudes 
and  distances  of  the  Fixed  Stars,  have  been  followed  by  Dr. 
Halley.  He  observes,  that  there  can  he  only  13  points  upon 
the  suiface  of  a sphere  as  f:«r  distant  from  each  other  ns  from 
the  centre;  and  supposing  the  nearest  Fixed  Stars  to  be  as  far 
from  each  other  ns  from  the  sun.  he  concludes,  that  there  can 
be  only  13  Stars  of  the  tiisl  magnitude.  Ilcnce,  at  twice  that 
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distance  from  the  sun,  there  may  be  placed  four  times  as  many, 
or  ft 2 ; at  three  limes  that  distance,  nine  times  ns  many,  or 
117;  and  so  on.  These  numbers  will  (five  pretty  nearly  the 
number  of  stars  of  the  first,  second,  third,  &c.  magnitudes. 

Dr.  llaltey  farther  remarks,  that  if  the  number  of  Stars  be 
finite,  and  occupy  only  a part  of  space,  the  outward  stars 
would  be  continually  attracted  to  those  within,  and  in  time 
would  unite  into  one.  Hut  if  the  number  he  infinite,  und  they 
occupy  an  infinite  space,  all  the  parts  would  be  nearly  in  equi- 
librio,  and  consequently,  each  Fixed  Star  being  drawn  in  oppo- 
site  directions,  w ould  keep  its  place,  or  move  on  till  it  bad  found 
an  equilibrium. 

A Constellation  is  a number  of  Fixed  Stars,  lying  in  the 
neighbourhood  of  each  other,  which  astronomers,  for  the  sake 
of  remembering  with  more  case,  suppose  to  be  circumscribed  by 
the  outline  of  some  animal  or  other  figure.  See  CoNsrtLLA  rio\. 

An  Eclipse  of  the  Sun  is  caused  by  the  moon  passing  between 
the  sun  and  the  earth ; and  an  Eclipse  of  the  Moon  is  the  effect 
of  the  earth  passing  between  the  sun  and  moon.  See  Eclipse. 

ASTROSCOPE,  an  astronomical  instrument,  composed  of 
two  cones,  on  whose  surfaces  are  exhibited  the  stars  and  con- 
stellations. by  means  of  which  they  are  both  easily  found  in 
the  heavens.  This  instrument  was  the  invention  of  Schukhard, 
professor  of  mathematics  at  Tubingen,  who  published  a trea- 
tise expressly  on  it  in  1008. 

ASTROSCOPIA,  is  the  art  of  observing  and  examining  the 
stars  with  the  telescope,  in  order  to  discover  their  nature  and 
properties. 

ASTROTHESIA,  an  ancient  term,  nearly  synonymous  with 
constellation. 

ASTKUM,  or  Astron.  a constellation  or  assemblage  of  thereby  increased,  its  quality  is  deteriorated.  Even  after  the 
stars,  the  same  as  Aster  denotes  a single  star.  Atar  has  been  gathered,  the  rose-water  that  remains  is  power- 

ASYLU.M,  a sanctuary,  or  place  of  refuge,  where  criminals  fully  scented.  It  is  not  accessory  to  distil  the  roses  immedi- 
sheltcr  themselves  from  the  hands  of  justice.  The  aii/la  of  utely  after  they  have  been  gathered,  as  that  may  be  ineon- 
altars,  temples,  tombs,  statues,  kc.  is  very  ancient.  The  Jews  venient.  particularly  on  account  of  the  heat  of  the  weather 
had  six  cities  of  refuge,  the  temple  and  the  altar  of  burnt-offer-  w hen  the  flow  er  is  produced.  Rose  leaves,  as  well  os  other 
ing.  The  temple  of  Diana,  at  Ephesus,  was  a refuge  for  debtors;  flowers  capable  of  affording  fragrant  essential  oils,  may  be 
hence,  when  the  apostle  of  our  Lord  preached  salvation  to  the  preserved  for  a long  period,  as  in  a pot-pourie,  without  losing 
worst  of  mankind,  it  included  also  the  hapless  debtor,  who  any  of  their  odour,  or  by  being  w ell  rubbed,  and  mixed  into  a 
would  thus  be  restored  to  the  favour  of  the  Deity;  nn  idea  in  no  paste  with  common  salt.  The  quantity  of  oil  and  water  is 
ways  compatible  with  the  notions  of  the  heathen  creditor. — | said  to  be  greatly  increased  by  the  salting  process,  which  is 
The  emperors  Honorius  and  Theodosius  granting  particular  indeed  probable.  The  proportion  of  salt  is  one  pound  to  three 
immunities  to  churches,  the  bishops  and  monks  laid  hold  of  a pounds  of  leaves.  The  flowers  being  bruised  by  the  friction 
certain  tract  or  territory,  without  which  they  fixed  the  hounds  ! of  the  grains  of  salt,  form  a paste,  which  should  he  preserved 
of  the  secular  jurisdiction : and  so  well  did  they  manage  their  in  an  earthen  jar  or  barrel;  continuing  the  process  uniformly 
privileges,  that  convents,  in  a little  time,  became  next  akin  until  the  barrel  or  jar  is  filled,  which  may  he  kept  in  a cool 
to  fortresses,  where  the  most  notorious  villains  were  jo  safety,  (dace  for  several  years,  without  impairing  its  flavour  or 
and  braved  the  power  of  the  magistrate.  strength.  This  aromatic  paste  may  be  distilled  at  any  season 

ASYMETRY.  without  measure,  a want  of  proportion  of  the  year,  mixing  it  with  about  twice  its  weight  of  water 
betw  een  the  parts  of  a thing,  as  between  the  side  and  diagonal  before  you  put  it  into  the  still.  Indeed,  iu  many  gardens  in 
of  a square,  which  are  to  each  other  as  I ; Britain  a suflicient  quantity  of  rose  leaves  might  be  gathered 

ASYMPTOTE,  ineoincident,  is  properly  a right  line,  which  in  a couple  of  years,  to  verify  this  recipe  for  the  extraction  of 
approaches  continually  nearer  to  some  curve,  whose  asymptote  Alar  of  roses.  The  generality  of  perfumes  are  made  up  of 
it  is  said  to  he,  in  such  sort,  that  when  they  are  both  indefinitely  musk,  civet,  ambergris,  redar,  roses,  orange  flowers,  jonquils, 
prnduecd,  they  arc  nearer  together  than  by  any  assignable  jessamines,  tuberoses,  and  other  odoriferous  flowers  and 
finite  distance  ; or  it  may  otherwise  be  considered  as  a tangent  plants;  and  their  use  among  the  Hebrews,  and  most  of  the 
to  the  curve,  when  infinitely  produced,  or  at  nn  infinite  distance.  Oriental  nations,  was  common,  before  they  were  know  n to  the 
Two  curves  are  also  said  to  be  asymptotical,  when  they  thus  Greeks  and  Romans.  Rut  ns  the  nervous  system  is  very  much 
continually  approach  indefinitely  to  a coincidence:  thus  two  affected  by  the  use  of  these  volatile  drugs,  medical  men 
parabolas  placed  with  their  axis  in  the  same  right  line,  are  generally  strongly  condemn  the  practice,  still  so  much  in 
asymptotes  to  each  other.  Of  lines  of  the  second  kind,  or  fashion,  of  scenting  the  clothes,  hands,  face,  kc.  with  musk, 
curves  of  the  first  kind,  that  is,  the  conic  sections,  only  the  atar  of  roses,  Ac. 

hyperbola  has  asymptotes,  which  are  two  in  number.  All  ATARGATIS,  a goddess  of  the  Syrians,  represented  with 
curves  of  the  second  kind  have  at  least  one  asymptote,  but  the  head  and  breasts  of  a woman,  ami  the  tail  of  a fish.  Roth 
they  may  have  three  ; and  all  curves  of  the  third  kind  may  have  the  Syrians  and  Egyptians  abstained  fiom  eating  fish,  which 
four  asymptotes,  and  so  on.  The  conchoid,  cissoid,  and  Inga-  they  seem  to  have  held  in  singular  dread  and  abhorrence,  and 
rithmic  curve,  though  not  geometrical  curves,  have  each  one  when  the  Egyptians  had  to  represent  any  thing  as  odious,  or 
asymptote;  and  the  branch  or  leg  of  the  rurve  that  has  an  to  express  hatred  by  hieroglyphics,  they  painted  a fish.  A 
asymptote,  is  said  to  be  of  the  hvperbolie  kind.  The  nature  deity  of  the  name  of  Dagon  was  worshipped  under  the  form 
of'an  asymptote  is  very  difficult  to  be  conceived  by  persons  who  of  a monster,  which  had  the  head  and  arms  of  a man,  and  the 
are  not*  acquainted  wilh  the  higher  geometry:  they  cannot  tail  of  a fish.  This  appears  to  have  been  the  symbol  of  (he  sun 
comprehend  how  two  lines  should  always  continually  approach  iu  Pisces,  and  w as  considered  as  the  principle  of  fecnndilv  ; 
each  other,  without  the  possibility  of  touching  or  coinciding ; hence  Dagon  srems  to  have  been  employed  to  signify  the 
this  mystery,  however,  may  he  elucidated,  and  the  nulurc  of  “corn  and  fruits  of  the  earth. '*  No  sign  appears  to  have  been 
these  lines  readily  comprehended,  by  considering  the  genera-  considered  of  mote  malignant  influence  than  Pisces.  Thu 
tion  of  the  conchoid  of  Nicomcdcs,  which  is  as  follows.  Let  | astrological  calendar  describes  the  emblems  accompanying 


FK  (fig.  118.)  be  any  line  in- 
definite towards  k,  and  from 
_ *■—  lb*  point  P let  there  be  drawn 

A — -B  , KffllJ.  the  lines  PA,  I*b.  PC,  PD. 

jy  kc.  making  the  several  parts 

/ / E FA,  GU,  IIC,  ID,  K E,  kc 

/ / / — — all  equal  to  each  other:  the 

. U / yU^/iV/K d curve  ABCDB,  &c.  passing 

> j / / / through  all  the  extremities  A, 

I / / S R,  C,  D,  kc.  is  called  the  con- 

■ ////’  choid  of  Nicomcdcs  ; and  the 

f line  F K produced,  is  the 
i Pk  asymptote  of  the  cuive;  and 

which,  it  is  obvious  from  the 
construction,  can  never  coincide  or  touch  the  curve  itself, 
although  the  latter  continually  approaches  towards  the  former. 

ATAR  of  Rose*.*  precious esseoce.wbkli  is  easily  obtained, 
provided  the  material  from  which  it  is  extracted  is  supplied 
in  quantities  Miltieicnt  for  the  purpose,  hut  unfortunately 
one  hundred  weight  of  roses  generally  yields  but  from  two  to 
three  ounces  of  Atar.  The  roses,  with  their  calyxes,  are  to  be 
immersed  in  double  their  weight  of  water,  and  distilled  by  a 
very  gentle  heat,  from  which  will  be  obtained  a very  strong! v 
scented  rose  wine.  This  must  be  cooled  as  quickly  as  possible 
i by  the  night  air,  and  the  globular  particles  found  upon  its  sur- 
face, carefully  gathered  the  next  morning,  which  are  more 
or  less  abundant,  according  to  the  perfection  of  the  roses.  A 
peculiarly  fragrant  grass  is  employed  in  Persia  along  with  the 
roses,  besides  other  odorous  vegetable  substances  which  that 
rich  climate  produces;  hut  although  the  quantity  of  essence  is 
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thin  constellation  as  chiefly  indicative  of  violence  and  death; 
yet  the  month  of  February,  when  the  sun  was  in  Pisces,  was 
called  Adnr ; perhaps  in  honour  of  the  moon,  which  wan  adored 
by  the  title  Adra  Daca,  or  the,  “ glorious  fish.” 

ATCIUKVEMENT,  or  Achievemi nt.  in  Heraldry,  the  arms 
of  a person  or  family,  marshalled  in  order;  with  quartering;;* 
bv  alliance,  mottos,  scrolls,  crest,  mantle,  helmet,  kc. 

ATI1  k M ANTA,  spignel. 

ATII A N AS  1 A , goldilocks. 

A THAN  ASIAN  Creed,  the  exposition  of  faith  composed  by 
Hilary,  bishop  of  Arles,  about  the  year  4:«>,  and  which  was 
received  nt  Homo  about  the  year  1014.  as  a summary  of  the 
orthodox  faith,  and  a condemnation  of  all  heresies. 

ATHWART,  in  Navigation,  across  the  line  of  the  course  ; 
athwart  the  forefoot,  the  direction  of  a cannon  ball  from  one 
ship  across  another,  to  intercept  the  latter,  and  oblige  her  to 
shorten  sail,  and  heave  to,  that  the  former  may  come  near  enough 
a nd  examine  her.  Athu-art  haute,  the  situation  of  a ship  when 
she  is  driven  by  w ind  or  tide,  or  any  other  accident,  across  the 
fore  part  of  another  ship. 

ATL  AS,  in  matters  of  literature,  a book  of  maps,  either 
celestial,  as  Dr.  Jamieson’s  atlas ; or  terrestrial,  as  Arrow  - 
smith's  atlas. 

ATRIPLEX,  orach,  or  arach. 

ATKOPA,  deadly  nightshade,  whose  horrid  black  berries 
and  root  are  the  rankest  poisons. 

ATTACHMENT,  in  Law,  the  apprehending  of  a person  by 
virtue  of  a writ.  An  attachment  is  issued  nut  of  a higher 
court  than  a writ,  and  may  lie  against  the  body  and  goods. 

ATTAINDER,  ir>  Law.  the  immediate  inseparable  conse- 
quence of  sentence  of  death  bring  pronounced  upon  a criminal : 
or  when  a person  tiers  from  justice,  which  is  tacitly  confessing 
his  guilt,  the  judgment  of  outlaw  ry  is  the  attainder,  for  the 
person  is  stained,  attiurtus,  or  blackened,  by  his  own  act. 

ATTITUDE,  in  Painting  and  Sculpture,  the  gesture  of  a 
figure  or  statue ; or  such  a disposition  of  their  parts  as  serves 
to  express  the  action  and  sentiments  of  the  person  represented. 

ATTORNEY  at  Law,  one  put  in  the  place  of  another  per- 
son, to  manage  his  matters  in  law.  The  attorneys  arc  a regular 
corps,  admitted  to  the  execution  of  their  duties  oy  the  superior 
courts  of  Westminster  Hall,  and  arc  in  all  points  officers  of 
the  respective  courts  into  which  they  are  admitted.  The 
Attorney -general,  a great  officer  appointed  by  the  king's  letters 
patent,  prosecutes  lor  the  crown  in  matters  criminal.  His 
proper  place  in  court  is  under  the  judges,  on  the  left  of  their 
clerk  : usually,  however,  he  sits  within  the  bar  in  front  of  the 
court. 

ATTRACTION,  the  tendency  which  all  bodies  have  to 
approach  each  other,  is  distinguished  into  the  attraction  of 
cohesion,  and  the  attraction  of  gravitation.  The  attraction  of 
cohesion  takes  place  between  bodies,  only  when  they  are  at 
very  small  distances  from  each  other.  By  this  attraction,  pos- 
sessed by  the  minute  parts  of  matter,  bodies  preserve  their 
form,  and  arc  prevented  from  falling  to  pieces.  To  prove  the 
attraction  of  cohesion,  take  two  pieces  of  lead  with  fiat  sur- 
faces; scrape  them  dean  with  a knife,  sqiicece  them  together, 
and  they  will  adhere  so  firmly  ns  to  be  separated  with  difficult  j‘. 
And  if  you  wet  two  bits  of  glass  with  water,  they  also  will 
adhere  firmly.  Two  globules  of  quicksilver  placed  near  each 
other,  will  run  together,  and  become  one  drop  or  ball. 

A Table  of  cohtuve  Power*  of  different  Solid*. — To  estimate 
the  absolute  cohesion  of  solid  bodies,  Professor  Mussrticn- 
broeck,  applied  weights  to  separate  them  according  to  their 
length.  The  pieces  of  wood  he  used  wero  parullclopipedons, 
whose  side  was  ^Ih*  of  an  inch.  The  metal  wires  used  were 
^th  of  a Khiriland  inch  in  diameter.  They  were  drawn  asunder 
by  the  following  weights: 


Fir 

Ih*. 

Copper  

lbs . 

Gold 

Oak 

Iron  

1250 

1*250 

Tin 

401 

Lead 

Capillary  Attraction — is  accounted  a species  of  cohesion.  It 
is  called  capillary,  from  the  tubes  which  draw  the  water  above 
its  level  being  small  ns  liaiis.  And  the  suspension  of  fluids  in 
capillary  tubes  is  owing  to  the  attraction  of  the  ling  contiguous 
to  the  upper  surface  of  the  fluid.  The  height  to  which  the 
fluid  rises  is  inversely  us  the  diameter  of  tin;  bore.  Experi- 
ment*: Take  a small  glass  tube  open  at  both  ends,  dip  it  in 
water,  and  the  water  will  rise  in  the  tube  higher  than  iu  level 
in  the  basin  : the  water  w ill  rise  the  higher,  the  smaller  the  bore 
of  the  tube  is.  Take  two  pieces  of  glass,  five  or  six  inches 
I square,  join  any  two  of  tlicir  sides,  separate  the  opposite  side* 

1 with  a small  piece  of  wood,  so  that  the  surface  may  form  a 
small  opening,  and  immerse  them  about  an  inch  deep  in  a basin 
of  coloured  water  : thou  the  water  w ill  rise  between  the  glasses, 
and  form  a very  beautiful  curve.  Upon  the  same  principle  it 
is  that  a piece  of  sugar,  or  a sponge,  draws  up  w ater  or  any 
other  fluid.  All  vegetables  are  but  bundles  of  capillary  tubes  ; 
and  whether  we  consider  earth, water,  salt,  and  oil,  ns  the  food  of 
plants,  that  food  must  be  formed  by  water  into  an  emulsion, 
capable  of  being  acted  upon  by  capillary  attraction  ; unit  s* 
we  suppose  the  juice,  or  food,  to  rise  in  those  tubes  by  some 
law  of  hydraulics.  As  nil  the  roots  arc  but  assemblages  of 
these  tubes,  there  can  be  little  doubt  but  tbeir  attraction  sup- 
plies the  plant  or  tree  with  its  first  food  ; though  other  causes, 
no  doubt,  assist  in  carrying  it  to  the  tops  of  the  tallest  trees, 
such  as  dilatation  and  contraction,  by  the  successive  heat  and 
cold  of  day  and  night t the  muscular  action  of  vascular  tings 
round  the  tubes,  irritated  to  contraction  by  the  stimulant  sap, 
kc.  The  interior  bark  conducts  the  nourishment  supplied  by 
the  earth.  Leaves  on  one  side  draw  nutrition  also  from  the 
air.  and  perspire  on  the  other  ; light  probably  docs  the  rest. 
It  is  probably  owing  to  the  various  degrees  of  cohesion,  that 
some  bodies  are  hard  and  other*  soft ; that  some  are  in  a solid, 
others  in  a fluid  state.  For  when  attraction  prevails  in  bodies, 
they  become  solid  ; when  fire  prevails,  they  become  gas;  hence 
fluidity  seems  a medium  between  both.  As  it  is  by  the  attrac- 
tion of  cohesion  that  the  parts  of  bodies  arc  kept  together, 
this  attraction  is  overcome  when  a body  is  broken.  Hence 
the  reason  of  soldering  metals,  gluing  wood,  &c.  Hence,  also, 
when  the  particles,  or  molcculir,  of  which  a body  is  composed, 
so  adhere  the  one  to  the  other,  that  they  cannot  be  separated 
without  effort,  Re  say  of  such  a body  that  it  is  solid  ; — such  are 
metals,  stone,  wood,  Ac.  Hence,  also,  such  substances  as  arc 
composed  of  particles  adhering  very  slightly,  and  w hich,  yield- 
ing to  any  small  effort,  are  easily  moved  among  each  other,  wc 
term  fluids,  such  as  water,  beer,  air,  kc.  These  properties 
may  result  from  the  different  figures  of  the  particles,  and  the 
greater  or  less  degree  of  attraction  thereupon.  Elasticity  may 
arise  from  the  particles  of  a body,  when  distended,  not  being 
amply  drawn  into  each  other's  attraction  ; as  soon,  therefore, 
as  the  force  which  acts  upon  it  ceases,  they  restore  themselves 
to  their  former  position.  Density,  strictly  speaking,  denotes 
the  closeness  of  particles,  and  wc  use  the  word  here  as  a 
term  of  comparison,  expressing  the  proportion  or  quantity  of 
matter  in  one  body,  to  the  quantity  in  another.  Repulsion  is 
a force  supposed  to  extend  to  a small  distance  round  bodies, 
and  prevent  them  from  coming  in  actual  contact.  The  repel- 
ling force  of  the  particles  of  a fluid  is  small,  and  therefore,  if 
a fluid  he  divided,  it  readily  unites  again.  But  if  a hard  sub- 
stance be  broken,  the  parts  cannot  be  made  to  adhere,  unless 
they  be  moistened  or  melted  according  to  their  nature.  Water 
repels  most  bodies  till  they  are  wet.  A small  sewing  needle 
will  swim  in  a basin  of  water.  Drops  of  water  will  roll  on  the 
leaves  of  many  vegetables  without  welting  them.  If  a ball  of 
light  w ood  be  dipped  in  oil,  and  afterw  ards  dropped  into  water, 
the  water  will  be  repelled  from  the  wood,  and  will  form  a 
channel  round  it.  Density,  therefore,  is  directly  us  the  quan- 
tity of  matter,  and  inversely  as  the  magnitude  of  the  body. 

The  Attraction  of  Gratitution. — Gravity  is  that  force  liy 
which  all  the  mashes  of  matter  tend  towards  each  other,  aud 
which  they  exert  at  all  distances.  It  i«  by  this  attraction  that 
the  heavenly  bodies  arc  retained  in  their  several  places,  by  their 
action  on  each  other,  and  it  is  also  by  this  that  a stone  dropped 
from  a height  falls  to  the  surface  of  the  earth.  It  is  one  of  the  lavra 
of  nature,  that  every  particle  of  matter  gravitates  towards  every 
other  particle.  The  planets  and  comets  all  gravitate  toward 
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the  sun,  and  towards  each  oilier,  as  well  as  (he  sun  towards 
them,  and  that  in  proportion  to  the  quantity  of  matter  in  each. 
All  terrestrial  bodies  tend  towards  the  centre  of  the  earth, 
consequently  bodies  fall  every  where  perpendicular  to  ita  sur- 
face, and  on  opposite  sides  in  opposite  directions.  A*  gravity 
acts  upon  all  bodies  in  proportion  to  their  quantities  of  matter, 
it  is  this  attractive  force  that  constitutes  their  weight.  In  all 
places  equidistant  from  the  centre  of  the  globe,  the  force  of 
gravity  is  equal.  The  force  of  gravity  is  greatest  at  the  earth’s 
surface,  from  whence  it  decreases  both  upwards  and  down- 
wards. Upwards  the  force  decreases  as  the  square  of  the 
distance  from  the  centre  increases;  but  below  the  surface  of 
the  earth  the  force  of  gravity  decreases,  so  that  at  the  distance 
of  half  a semidiameter  from  the  centre,  it  is  but  half  what  it  is 
nt  the  surface ; at  onc-third  of  the  semidiameter,  one-third ; 
and  so  on  for  any  other  assumed  distances.  Gravity  and 
weight  are,  in  particular  circumstances,  synonymous  terms. 
We  say  such  a piece  of  lead  weighs  a pound,  but  if  by  any 
means  it  could  be  carried  4000  miles  above  the  surface  of  the 
earth,  it  would  only  weigh  four  ounces;  and  provided  U could 
he  removed  HOOO  miles  above  the  eartb,  wbioh  is  three  times 
the  distance  from  the  centre  that  the  surface  is,  it  would  weigh 
only  one-niuth  of  a pound.  Again,  since  the  force  of  gravity 
downwards  decreases  as  the  distance  from  the  surface 
increases,  16  ounces  would  weigh,  at  onc-half  the  distance 
from  the  centre  to  the  surface,  only  eight  ounces,  and  so  on 
for  one-third,  fcc.  Hence,  a piece  of  metal,  kc.  weighing  on  the 
surface  of  the  earth  one  pound,  will 
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ATTRIBUTES,  in  Theology,  the  several  qualities  or  perfec- 
tions of  the  Divine  nature  : in  Logic,  the  predicates  of  any  sub* 
ject,  or  what  may  be  aliirmed  or  denied  of  any  thing:  in 
Painting  and  Sculpture,  symbols  added  to  several  figures,  to 
intimate  their  particular  office  and  character.  Thus,  the  eagle 
is  an  attribute  of  Jupiter;  the  pacofl,  of  Juno  ; a club,  of  Her- 
cules ; a trident,  and  chariot  with  sea-horses,  of  Neptune ; of 
Hope,  an  anchor;  of  Faith,  a ctoss ; See. 

ATWOOD’S  Machine,  (figure  110.)  illustrates  the  doc- 
tiines  of  accelerated  motion,  by  subjecting  to  experimental 
examination  the  quantity  of  matter  moved,  the  measure  of  the 
force  which  moves  it,  the  space  described  from  quiescence, 
the  time  of  description,  and  the  velocity  acquired.  Tho  theory 
of  this  instrument  depends  upon  principles  usually  exhibited 
in  dynamics. 

1 . Of  the  Matt  moved. — In  order  to  observo  the  effects  of 
the  moving  force,  which  is  the  object  of  any  experiment,  the 
interference  of  all  other  forces  should  be  prevented : the 
quantity  of  matter  moved,  therefore,  considering  it  before  any 
impelling  force  has  been  applied,  should  be  without  weight ; 
for  although  it  be  impossible  to  abstract  the  natural  gravity  or 
weight  from  any  substance  whatever,  yet  the  weight  may  be  so 
counteracted  as  to  be  of  no  sensible  cfTcct  in  experiments. 
Thus,  in  the  instrument  constructed  to  illustrate  this  subject 
experimentally,  All  represent  two  equal  weights  affixed  to  the 
extremities  of  a very  fine  and  flexible  silk  line : this  line  is 
stretched  over  a wheel  or  fixed  pulley  abed,  moveable  round  an 
horizontal  axis : the  two  weights,  A B,  bcinp  precisely  equal  and 
acting  against  each  other,  remain  in  cquilibrio  ; and  when  the 
least  weight  is  superadded  to  either,  (setting  aside  the  effects  of 
friction,)  it  will  preponderate.  When  A B are  set  in  motion 
by  the  action  of  any  weight  m,  the  snm  A+B+m  would  con- 
stitute the  whole  mass  moved,  but  for  the  inertia  of  the 
materials  which  must  necessarily  bo  nsod  in  the  communica- 
tion of  motion:  these  materials  consist  of,  1.  The  wheel  abed, 
over  which  the  line  sustaining  A and  B passes.  2.  The  four 
friction  wheels,  on  which  the  axle  of  the  wheel  abed  rests : the 
use  of  these  wheels  is  to  prevent  the  loss  of  motion,  which 
would  be  occasioned  by  the  friction  of  the  axle,  if  it  revolved 
on  an  immoveable  surface.  4.  The  line  by  which  the  bodies  A 


and  B are  connected,  so  as  when  set  in  motion  to  move  with 
equal  velocities.  The  weight 
and  inertia  of  the  line  are 
too  small  to  have  sensible 
effect  on  the  experiments; 
hut  the  inertia  of  the  other 
material*  just  mentioned  con- 
stitutes a considerable  pro- 
portion of  the  mass  moved, 
and  must  be  taken  into  ac- 
count. Since,  when  A and  11 
arc  put  in  motion,  they  must 
necessarily  move  with  a ve- 
locity equal  to  that  of  the 
circumference  of  the  wheel 
abed,  to  which  the  line  is 
applied  ; it  follows,  that  if 
the  whole  mass  of  the  wheels 
were  accumulated  in  this  cir- 
cumference, its  inertia  would 
be  truly  estimated  by  the 
quantity  of  matter  moved: 
but  since  the  parts  of  the 
wheels  move  with  different 
velocities,  their  effects  in  re- 
sisting the  communication  of 
motion  to  A and  B by  their 
inertia  will  be  different ; those 
parts  which  are  furthest  from 
the  axis  resisting  more  than 
those  which  revolve  nearer, 
in  a duplicate  proportion  of 
those  distances.  If  the  figures 
of  the  wheels  were  regular, 
from  knowing  their  weights 
and  figures,  the  distances  of 
their  centresof  gyration  from 
their  axes  of  motion  would 
become  known,  and  conse- 
quently anequivalentweight, 
which  being  accumulated 
uniformly  in  the  circumfe- 
rence a bed,  would  exert  an 
inertia  equal  to  that  of  the 
wheels  in  their  constructed  form.  But  as  the  figures  are 
wholly  irregular,  recourse  must  be  had  to  experiment,  to  assign 
that  equivalent  quantity  of  matter,  which  being  accumulated 
uniformly  in^ the  circumference  of  the  wheel  abed,  would  resist 
the  communication  of  motion  to  A in  the  same  manner  as  the 
wheels.  In  order  to  ascertain  the  inertia  of  the  wheel  abed 
with  that  of  the  friction-wheels,  the  weights  A B being  removed, 
the  following  experiment  was  made  : A weight  of  thirty  grains 
was  affixed  to  a silk  line,  (the  weight  of  which  w as  not  so  much 
as  Jth  of  a grain,  and  consequently  loo  inconsiderable  to  have 
sensible  effect  in  the  experiment;)  this  line  being  wound  about 
the  wheel  abed , the  weight  30  grains  by  descending  from  rest 
communicated  motion  to  the  wheel,  and  by  many  trials  was 
observed  to  describe  a space  of  about  3*4  inches  in  3 seconds. 

From  these  data  the  equivalent  mass  or  inertia 
of  the  wheels  will  be  known  from  this  rule:  Let 
a weight.  P,  (fig.  120,)  be  applied  to  communicate 
motion  to  a system  of  bodies  by  means  of  a very 
slender  and  flexible  line  going  round  the  wheel 
8 L D I M.  through  the  centre  of  which  tho  axis 
passes,  (G  being  the  common  centre  of  gravity.  K 
the  centre  of  gravity  of  the  matter  contained  in 
this  line,  ond  O the  centre  of  oscillation.)  Let 
this  weight  descend  from  rest  through  any  con- 
venient space  $ inches,  and  let  the  observed  time 
of  its  descent  be  t seconds ; then  if  / be  the  space 
through  which  bodies  descend  freely  by  gravity 


Jng.120. 
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in  one  seoond,  the  equivalent  weight  sought  = 
p x t*l 


w x sax  so _ 
ID* 


P.  Here  we  have  /*  — 30  grains,  ( z 3 seconds, 
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I~  199 inches, rr:  386 incites;  and — - — — P— w 

— 30  ^ 1323  grains,  or  2|  ounces.  This  is  the  inertia  equiva- 
lent to  that  of  the  wheel  abed , and  the  friction- wheels  together ; 
for  the  rule  extends  to  the  estimation  of  the  inertia  of  the  mass 
contained  in  all  the  wheels.  The  resistance  to  motion,  there- 
fore, arising  from  the  wheels’  inertia,  will  be  the  same  as  if 
they  were  absolutely  removed,  and  a mass  of  2|  ounces  were 
uniformly  accumulated  in  the  cirrumicrencc  of  the  w heel  ab  e d. 
This  bring  premised,  let  the  boxes  A and  B,  fig.  119.  be 
replaced,  being  suspended  by  the  silk  line  over  the  wheel  or 
pulley  abed,  and  balancing  each  other:  suppose  that  any 
weight  m he  added  to  A,  so  that  it  shall  descend,  tbc  exact 
qunniity  of  matter  moved,  during  the  descent  of  the  weight  A, 
will  be  ascertained. for  the  whole  mass  w ill  be  A+  B + m4  2|  ox. 

In  order  to  avoid  troublesome  computations  in  adjusting  the 
quantities  of  matter  moved  and  the  moving  forres,  some  deter- 
minate weight  of  convenient  magnitude  may  be  assumed  as  a 
standard,  to  which  all  the  others  are  referred.  This  standard 
weight  in  the  subsequent  experiments  is  J of  an  ounce,  and  is 
represented  by  the  letter  m.  The  inertia  of  the  wheels 
being  therefore  = 2|  ounces,  will  be  denoted  by  II  n.  A 
and  i!  are  two  boxes,  constructed  so  as  to  contain  different 
quantities  of  matter,  according  as  the  experiment  may 
require  them  to  be  varied  ; the  weight  of  each  box,  including 
the  hook  to  which  it  is  suspended, ~ l|  ox.,  or  according  to  the 
preceding  estimation,  the  weight  of  each  box  will  be  denoted 
by  6 wi ; these 
boxes  contain 
such  weights  as 
are  represented 
by  fig.  1*22,  each 
of  which  weighs 
an  ounce,  so  as 
to  be  equivalent 
to  4m;  other 
weights  of  i ox.  and  aliquot  parts  of  m,  such  as 

i,  i wi.  may  be  also  included  in  the  boxes,  according  to  the 
conditions  of  the  different  experiments  hereafter  described. 

If  4}  ox.  or  19m,  be  included  in  either  box,  this,  with  the 
weight  of  the  box  itself,  will  bo  26  m ; so  that  w hen  the  weights 
A and  B,  each  being  26  tit,  arc  balanced  in  the  manner  above 
represented,  their  whole  mass  will  be 50 at,  which  being  added 
to  the  inertia  of  tbc  wheels  1 1 m,  the  sum  will  be  61  m.  More- 
over. three  circular  weights,  such  as  that  which  is  represented  at 
122,  arc  constructed  ; each  of  w hich  r:  joi.  or  m : if  one 
of  these  be  added  to  A and  one  to  B,  the  whole  mass  will  now 
become  63  m,  perfectly  in  equilibrio,  and  moveable  by  the  least 
weight  added  to  cither,  (setting  aside  the  effects  of  friction,)  in 
the  same  manner  precisely  as  if  the  same  weight  or  force  were 
applied  to  communicate  motion  to  the  mass  63  m,  existing  in 
free  space  and  without  gravity. 

2.  The  moving  Force.  Since  the  natural  weight  or  gravity  of 
any  given  substance  is  constant,  and  the  exact  quantity  of  it 
easily  estimated,  it  will  be  convenient  here  to  apply  a weight 
to  the  mass  A as  a moving  force  : thus,  when  the  system  con- 
sists of  a mass  =r  63  m,  according  to  the  preceding  description, 
the  whole  being  perfectly  balanced,  let  a weight  1 ox.  or  m, 
such  a*  is  represented  in  fig.  123.  be  applied  on  the  mass  A ; 
this  will  communicate  motion  to  the  whole  system:  by  adding 
a quantity  of  matter  m to  the  former  mass  63  m,  the  whole 
quantity  of  matter  moved  will  now  become  64  m;  and  the  mov- 
ing force  being.*::  m,  this  will  give  the  force  which  accelerates 
m 

the  descent  of  A — or  «*  Part  accelerating  force 

by  which  the  bodies  descend  freely  towards  the  earth's  surface. 

By  the  preceding  construction,  the  moving  force  may  he 
altered  without  altering  the  mass  moved  ; for,  suppose  the  three 
weights  m,  two  of  which  are  placed  on  A,  and  one  on  R,  to  be 
removed,  then  will  A balance  B.  If  the  weights  3 m he  all 
placed  on  A,  the  moving  force  will  now  become  3 m,  and  the 
mass  moved  0$  m as  before,  and  the  force  which  accelerates 

the  descent  of  A zz  ^ ^ ~ parts  of  tbc  force  by  which 


gravity  accelerates  bodies  in  their  free  descent  to  the  surface. 
Suppose  it  were  required  to  uinkc  the  moving  force  2m,  the 
mass  moved  continuing  the  same.  In  order  to  effect  this,  let 
the  three  weights,  each  of  which  z:  m.  he  removed  ; A and  U 
will  balance  each  other;  and  1 he  whole  mass  will  be  61m: 
let  in  fig.  123,  be  added  to  A,  and  to  B.  the  equilibrium 
will  still  he  preserved,  and  the  muss  moved  will  be  02  m ; now 
let  2m  be  added  to  A,  the  moving  force  will  he  2 m,  and  the 
mass  moved  6t  m as  before  ; wherefore  the  force  of  accelera- 
tion =:  <f,  part  of  the  acceleration  of  gravity.  These  alterations 
in  the  moving  force  may  be  made  with  great  ease  and  conve- 
nience in  the  more  obvious  and  elementary  experiments,  there 
being  no  neressity  for  altering  the  contents  of  the  boxes  A and 
B;  but  the  proportion  and  absolute  quantities  of  the  moving 
force  and  mass  moved  may  be  of  any  assigned  magnitude, 
according  to  the  conditions  of  the  proposition  to  he  illustrated. 

3.  Of  the  Space  detrribed. — The  body  A,  fig.  119,  descends  in 
a vertical  line ; and  a scale  about  64  inches  in  length  graduated 
into  inches  and  tenths  of  an  inch  is  adjusted  vertically,  and  so 
placed  that  the  descending  weight  A may  fall  in  tile  middle  of 
a square  stage,  fixed  to  receive  it  at  the  end  of  the  descent : 
the  beginning  of  the  descent  is  estimated  from  o 011  the  scale, 
when  the  bottom  of  the  box  A is  on  a level  with  o.  The 
descent  of  A is  terminated  when  the  bottom  of  the  box  strikes 
the  stage,  which  may  be  fixed  at  different  distances  from  the 
point  o ; so  that  bv  altering  the  position  of  the  siagc,  the  space 
described  from  quiescence  may  be  of  any  given  magnitude  less 
than  64  inrhes. 

4.  The  Ttme  of  motion,  is  observed  by  the  beats  of  a pendulum, 
which  vibrates  seconds ; and  the  experiments,  intended  to 
illustrate  the  elementary  propositions,  may  be  easily  so  con- 
structed, that  the  time  of  motion  shall  be  a whole  number  of 
seconds  : the  estimation  of  the  time,  therefore,  admits  of  con- 
siderable exactness,  provided  the  observer  lakes  enre  to  let 
the  bottom  of  the  box  A begin  its  descent  precisely  at  any  beat 
of  the  pendulum  ; then  the  coincidence  of  the  stroke  of  the  box 
against  the  stage,  and  the  beat  of  the  pendulum  at  the  end  of 
the  time  of  motion,  will  shew  how  nearly  the  experiment  and 
the  theory  agree  together.  There  might  be  various  tnerhanirnl 
devices  thought  of  for  letting  the  weight  A begin  its  descent 
at  the  instant  of  a beat  of  the  pendulum  W : let  the  bottom  of 
the  box  A,  when  at  o on  the  scale,  rest  on  a flat  rod.  held  in 
the  hand  horixontally,  its  extremity  being  coincident  with 
o ; by  attending  to  the  beats  of  the  pendulum,  and  with  a little 
practice,  the  rod  which  supports  the  box  A may  be  removed  at 
the  moment  the  pendulum  beats,  so  tbat  the  descent  of  A shall 
commence  at  the  same  instant. 

A.  Of  the  Velocity  acquired. — It  remains  only  to  describe  in 
what  manner  the  velocity  acquired  by  the  descending  weight 
A,  at  any  given  point  of  the  space  through  which  it  hns 
descended,  is  made  evident  to  the  senses.  The  velocity  of  A's 
descent  being  continually  accelerated,  will  be  the  same  in  no 
two  points  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force  ; and  since  the  velocity  of 
A at  any  instant  is  measured  by  the  space  which  would  be 
described  by  it,  moving  uniformly  for  a given  time  with  the 
velocity  it  had  acquired  at  that  instant,  this  measure  cannot 
be  experimentally  obtained,  except  by  removing  the  force  by 
which  the  descending  body’s  acceleration  was  caused.  In 
order  to  shew  in  what  manner  this  is  affected  practically,  let  us 
again  suppose  the  boxes  A and  11“  26  m each,  so  as  together 
to  he  =:  50  m ; now  let  m,  fig.  121,  he  added  to  A,  and  an  equal 
weight  m to  H,  these  bodies  will  balance  each  other,  and  the 
whole  mass  will  be  63m.  If  a weight  m be  added  to  A.  motion 
will  be  communicated,  the  moving  force  being  in,  and  the  masa 
moved  64m.  In  estimating  the  moving  force,  the  circular 
weight  zz  m was  made  use  of  as  a moving  force : but  for  the 
present  purpose  of  shewing  the  velocity  acquired,  it  will  bo 
convenient  to  use  n flat  rod,  the  weight  of  which  is  also=  m. 
Let  the  bottom  of  the  box  A be  placed  on  a level  with  o on 
the  scale,  the  whole  mass  being  «j  described  above  zz  63  m, 
perfectly  balanced  in  equilibrio.  Now  let  the  rod,  Ibe  weight 
of  which  zzm,  he  placed  on  the  upper  surface  of  A ; this  body 
will  descend  along  the  scale  precisely  in  the  same  manner  us 
when  the  moving  force  was  applied  in  the  form  of  a circular 
weight.  Suppose  the  mass  A,  (fig.  121.)  to  have  descended  by 
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constant  acceleration  of  force  of  m,  for  any  given  time,  or 
iUrough  a given  space  : let  a circular  frame  he  so  affixed  to 
the  scale,  contiguous  to  which  the  weight  descends,  that  A 
may  pass  centrally  through  it,  and  that  this  circular  frame  may 
intercept  the  rod  m , by  which  the  body  A has  been  accelerated 
from  quiescence.  After  the  moving  force  m has  been  inter- 
cepted at  the  cud  of  the  given  space  or  time,  there  will  be  no 
force  operating  on  any  part  of  the  system,  which  can  acce- 
lerate or  retard  its  motion : this  being  the  case,  the  weight  A, 
the  instant  after  m has  been  removed,  must  proceed  uniformly 
with  the  velocity  which  it  had  acquired  that  instunt:  in  the 
subsequent  part  of  its  descent,  tho  velocity  being  uniform, 
will  l>c  measured  by  the  space  described  in  any  convenient 
number  of  seconds.  Among  other  uses  of  tbe  instrument,  is 
the  experimental  estimation  of  the  velocities  comtnuniculcd  by 
the  impact  of  bodies  clastic  and  non-elastic  ; the  quantity  of 
resistance  opposed  by  fluids,  as  well  as  for  various  other  pur- 
poses. The  properties  of  retarded  motion  are  a part  of  the 
present  subject,  and  may  be  necessary  to  shew  in  what  manner 
the  motion  of  bodies  resisted  by  constant  forces  are  reduced 
to  experiment  by  means  of  the  instrument  above  described, 
with  as  great  ease  and  precision  as  tbe  properties  of  bodies 
uniformly  accelerated.  A single  instance  will  be  sufficient : 
Thus,  suppose  the  mass  contained  in  tbe  weights  A and  II, 
fig.  1*21,  nnd  ihc  wheels  to  be  61m,  when  perfectly  »u  equilibrio ; 
let  a circular 
weight  m be 
applied  to  B, 
and  let  two 
long  weights  or 
rods,  each  — 
m,  be  applied 
to  A,  then  will 
A descend  by 
the  action  of 
the  moving 
force  in,  the 
mass  moved 
being  64  m : 
suppose  that 
when  it  has 
lescribed  any 
given  space  by 
constant  acce 
leration,  the 
two  rods  m are 
intercepted  by 
the  circular 
frameabovede- 
scribed,  while 
A,  is  descend- 
ing through  it, 
the  velocity  ac- 
quired by  that 
descent  is 
known;  8c  when 
the  two  rods 
are  intercept- 
ed, the  weight 
will  begin  to 
move  on  with 
the  velocity  ac- 
quired, being 
now  retarded 

by  tbe  constant  force  m ; and  since  the  mass  moved  is  02  m,  It 
follows  that  the  force  of  retardation  will  be  £ part  of  that  force 
whereby  gravity  retards  bodies  thrown  perpendicularly  up- 
wards. The  weight  A will  therefore  proceed  along  the  graduated 
scale  in  its  descent  with  an  uniformly  retarded  motion,  and  the 
apace  described,  timet  of  motion,  and  velocities  destroyed  by  the 
resisting  force,  will  bo  subject  to  the  same  measures  ns  in  the 
examples  of  accelerated  motion  above  described.  In  the  fore- 
going descriptions,  two  suppositions  have  been  assumed, 
neither  of  which  is  mathematically  true  : but  It  may  be  easily 
shewn  that  they  are  so  in  a physical  sense ; tbe  errors  occa- 
sioned by  them  in  practice  being  insensible. 


71) 

1.  The  force  which  communicates  motion  to  the  system  has 
been  assumed  constunt ; which  will  be  true  only  oil  a supposi- 
tion that  tbe  line,  at  the  extremities  of  which  the  weights  A and 
B.  fig.  1 ID,  are  affixed,  is  without  weight  In  order  to  make 
it  evident  that  tho  line’s  weight  and  inertia  arc  of  no  sensible 
effect,  let  a case  be  referred  to,  wherein  the  body  A descends 
through  48  inches  from  rest  by  the  action  of  the  moving 

j force  »w.  when  the  mass  moved  is  61m;  the  time  wherein  A 
describes  48  inches  is  increased  by  the  effects  of  the  line’s 
: weight  by  no  more  than  ri&tb  parts  of  a second ; the  time  of 
descent  being  3 68U6  secouds,  when  the  string’s  weight  is  not 
! considered,  and  the  time  when  the  string’s  weight  is  taken 
{ into  account  zz  i 02UK  seconds  ; tho  difference  between  which 
is  wholly  insensible  by  observation. 

2.  Tbe  bodies  have  also  been  supposed  to  move  in  vacuo, 
whereas  the  air’s  resistance  will  have  some  effect  in  retarding 
their  motion:  hut  as  the  greatest  velocity  communicated  in 
these  experiments  cannot  much  exceed  that  of  about  26  inches 
in  a second,  (suppose  the  limit  26*2845,)  and  the  cylindrical 
boxes  being  about  If  inches  in  diameter,  the  air's  resistance 

j can  never  increase  the  time  of  descent  in  so  great  proportion 
as  that  of  240  : 241  ; its  effects  therefore  will  be  insensible  in 
experiment.  The  effects  of  friction  arc  almost  wholly  removed 
by  the  friction-wbeels  ; for  when  tbe  surfaces  are  well  polished 
and  free  from  dust,  See.  if  the  weights  A and  B lie  balanced  in 
perfect  equilibrio,  and  the  w hole  moss  consists  of  03  m,  accord- 
ing to  the  example  already  described,  a weight  of  1 4 grain,  or 
at  most  2 grains,  being  added  either  to  A or  B,  will  communi- 
cate motion  to  the  whole  ; which  shews  that  the  effects  of  fric- 
tion will  not  be  so  great  ns  a weight  of  14  or  2 grains.  In  some 
cases,  however,  especially  in  experiments  relating  to  retarded 
motion,  the  effects  of  friction  become  sensible ; but  may  be 
very  readily  and  exactly  removed  by  adding  a small  weight  of 
1*5  or  2 grains  to  tho  descending  body,  taking  care  that  the 
weight  added  is  such  as  is  in  the  least  degree  smaller  than 
that  which  is  just  suffirient  to  set  the  w hole  in  motion,  w hen 
A und  B are  equal,  and  balance  each  other  before  the  moving 
force  is  applied.— The  foregoing  article  is  taken  nearly  verbn- 
tim  from  Dr.  Gregory’s  Mechanics;  and  the  instrument  may  bo 
purchased  for  £28,  at  Harris’s,  60,  High  llolborn. 

AVGUST,  the  eighth  month  of  the  y ear,  when  we  have  in 
season— of  Meat : beef,  mutton,  veal,  lamb,  buck,  venison,  &c. 
Poultry  : pullets,  fowls,  chickens,  green  geese,  turkey  poults, 
ducklings,  leverets,  rabbits,  pigeons,  pheasants,  wild  ducks, 
wheatcars,  plovers.  Fish  : cod,  haddock,  flounders,  plaice, 
skate,  thornback,  mullets,  mackarcl,  herrings,  pike,  carp,  eels, 
lobsters,  crawfish,  prawns,  oysters.  Vegetables:  carrots,  tur- 
nips, potatoes,  radishes,  onions,  garlic,  shalots,  scorzoncra, 
salsific,  peas,  beans,  kidney  beans,  mushrooms,  artichokes, 
cabbages,  cauliflowers,  sprouts,  beets,  celery,  endive,  pinocha, 
parsley,  lettuce,  salads,  thyme,  marjoram,  sweet  herbs,  savoy. 
Fruit:  peaches,  nectarines,  plums,  cherries,  apples,  pears, 
grapes,  figs,  filberts,  mulberries,  strawberries,  gooseberries, 
currants,  melons,  pineapples. 

The  Jiotanicol  Kalendar  for  August. — Many  seeds  and  herba- 
ceous vegetables  ripen  in  this  month,  and  most  of  the  culinary 
crops  raised  in  the  open  garden,  are  now  in  perfection.  Insects, 
especially  the  winged  tribes  of  butterflies,  abound,  and  tbe 
gardener  should  destroy  them,  or  collect  them  for  specimens. 
Numbers  of  beautiful  insects  may  thus  he  gathered,  even  while 
at  work.  The  young  martins  begin  to  congregate  ; bees  kill  their 
drones ; numerous  birds  resume  tbeir  spring  notes;  the  goatsuck- 
ers and  young  owls  hoop  and  make  a noise  in  the  evenings. 
Melilot.  yellow  succory,  burdock,  tobacco,  wild  clary,  meadow 
rice,  plowman’s  spikenard,  mallows,  hollyhocks,  lobelias,  cro- 
cuses, &c.  arc  in  flower.  Bread  corns  ripen,  nnd  the  earlier  varie- 
ties of  all  the  kernel  fruits  ripen.  Sow  turnips  for  a main  crop 
early  in  this  month,  salads,  radishes,  parsley,  spinage,  carrots, 
endive,  chervil,  for  winter  and  spring  crops:  cauliflowers  to 
, stand  over  winter,  in  sheltered  borders  and  under  frames, 
j Propagate  by  slips  and  cuttings  ; transplant  leeks  and  peren- 
nials; bee.  thin,  weed,  and  stir  winter  crops  ; clear  off  all  crops 
1 the  moment  they  are  done  with  ; gather  pickling  cucumbers 
and  ripe  seeds.  Plant  strawberries;  prune,  regulate,  and 
train  summer  shoots  of  wall  trees  and  espaliers.  Mat  up  all 
l fruits  on  north  wadis,  intended  to  be  preserved  till  la'.e  iu 
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autumn.  Gather  gooseberries,  curt  ants,  and  all  ripe  fruit. 
Plant  evergreen*,  repair  lawns,  destroy  ferns,  nettles,  and 
werd*  about  park  scenery  and  fences.  Take  up  bulbs,  trans- 
plant biennials,  kc. 

AULA  Regis,  a court  established  by  William  the  Conqueror, 
in  his  own  hall,  and  composed  of  the  great  olliccrs  of  state. 
The  lltb  article  of  Mngna  Charts  regulates  this  court,  which  is 
now  established  in  Westminster  Ilall.  Sre  King's  Bench. 

AULIC  Council,  composed  of  the  great  officer*  of  the  Ger- 
man empire, always  follows  the  emperor’s  court,  but  ceases  on 
his  death;  whereas  the  imperial  chamber  of  assize  is  perpetual, 
and  represents  not  only  the  deceased  emperor,  but  the  whole 
Germanic  body.  Ai  Lie,  in  the  Sorboune,  &c.  is  an  act  which 
a young  divine  maintains,  upon  being  admitted  a doctor  of 
divinity.  It  commences  by  an  harangue  of  tbe  chancellor, 
addressed  to  the  young  doctor,  after  which  lie  receives  the  cap, 
and  presides  at  the  aulic  or  disputution. 

AURIGA,  in  Astronomy,  the  Waggoner  or  Charioteer,  a 
mere  type  or  scientific  symbol  of  that  beautiful  fable  which  is 
given  us  of  Phaeton;  or,  more  properly,  he  may  be  the  attendant 
of  Phtrhus  at  that  remote  period  when  Taurus  opened  the 
year.  The  boundaries  and  contents  of  this  constellation  arc 
these:— North  by  Camelopardalis,  east  by  Lynx,  Hcrschel'a 
Telescope,  and  Gemini ; south  by  Taurus,  and  west  by  Per- 
seus. Auriga  contains  GC  stars,  one  of  the  1st  magnitude,  two 
of  the  2d  magnitude,  nine  of  the  fourth.  8tc.  Tbe  declination 
generally  is  *5°  north,  and  its  right  ascension  75°.  A large 
portion  of  this  constellation  is  always  above  the  horizon  to  the 
British  isles,  and  consequently  to  all  places  in  corresponding 
latitudes.  The  Charioteer’s  head  passes  vertically  over  England 
and  Ireland.  The  most  remarkable  star  in  this  constellation, 
and  indeed  in  this  quarter  of  the  firmament,  is  Capella,  of  the 
1st  magnitude,  situated  on  Auriga's  left,  or  western  shoulder; 
its  north  declination  is  -45°  47'  18',  and  its  right  ascension  76° 
ftp  3*.  or  5 hours  3 minutes  in  time.  Capella  culminates  for 
the  first  day  of  each  month  in  the  year,  as  follows;  and  by 
adding  12  hours  to  the  culminating  of  this  or  any  other  star, 
wc  determine  the  time  it  is  on  the  mciidian  under  the  pole. 
Meridian  altitude,  84°  Id*  18"  north. 
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AURORA  BOREALIS,  or  jVerfAtm  Twilight/ . or  streamers, 
may  be  defined  an  electrical  phenomena,  or  aerial  electricity, 
which  is  seen  generally  in  the  winter  time,  and  in  frosty  wea- 
ther and  clear  evenings,  in  the  Hyperborean  regions  of  the  skies. 
This  meteor  assumes  every  variety  of  tint  thut  embellishes  the 
iris  or  rainbow,  but  wears  generally  a fiery  and  purple  hue. 
Its  appearance  is  indeed  now  so  generally  known.  even  in  this 
country,  that  a more  particular  description  is  not  requisite: 
but  it  may  be  just  observed,  that  as  we  only  see  the  extremities 
of  this  brilliant  phenomenon,  wc  can  have  but  a fuitu  idea  of 
its  real  splendour  in  the  arctic  regions,  where  it  appears  in 
perfection,  and  proves  a great  solace  to  the  inhabitants  amidst 
the  gloom  of  the  long  winter  nights.  In  some  parts  of  Siberia, 
particularly,  this  beautiful  meteor  is  constantly  exhibited  from 
October  to  Christmas,  and  its  radiating  beams  in  those  parts 
are  remarkably  bright. 

Captain  Ellis,  who  wintered  on  the  western  coast  of  Hud- 
son's Bay  in  North  America,  observes,  that  no  sooner  does  tbe 
sun  disappear  in  those  regions,  than  the  aurora  borealis  diffuses 
a thousand  different  lights  and  colours  over  the  whole  con- 
cavity of  heaven,  with  such  resplendent  beauty,  that  even  the 
full  moon  cannot  eclipse  their  lustre.  It  was  for  a long  time  a 
matter  of  doubt  whether  this  meteor  made  its  appearance  in 
the  southern  hemisphere  ; but  Mr.  Foster,  who  went  round  tho 
world  with  Captain  Cook,  ascertained  the  fact,  Feb.  17,  1773, 
in  lat.  58°  south,  though  it  appeared  with  phenomena  some- 
what different  from  ours.  Concerning  the  cause  of  the  aurora 
borealis,  many  conjectures  have  been  formed;  but  that  which 
seems  to  be  supported  by  the  most  specious  reasoning  ascribes 
its  origin  to  electricity.  It  is  supposed,  that  most  of  tbe 


extraordinary  meteors  and  appearances  in  the  skies,  related  as 
prodigies  by  historians,  r.  g.  battles,  and  the  like,  may  be  pro- 
bably enough  reduced  to  the  class  of  aurora  boroalet.  In 
certain  states  of  the  atmosphere  these  phenomena  have  some- 
times assumed  the  colour  of  blood,  and  made  a dreadful 
appearance.  At  these  times  the  rustic  sages  became  pro- 
phetic, and  terrified  tbe  gazing  spectators  with  the  dread  of 
wars,  pestilence,  and  famine  : even  persons  more  enlightened 
supposed  them  to  be  portentous  of  great  events,  and  timid 
imaginations  shaped  them  into  aerial  conflicts. 

Captain  Franklin  enumerates  auroa  Borealis,  at  one  time, 
in  form  of  a bright  arch,  extending  across  the  zenith,  in  a 
north-west  and  south-east  direction, — at  another,  it  was 
extremely  brilliant,  its  coruscations  darting  at  limes  over  the 
whole  sky,  and  assuming  various  prismatic  colours,  of  which 
violet  and  yellow  were  predominant, — again,  its  appearances 
were  greatly  diversified,  and  its  motion  extremely  rapid,  its 
coruscations  occasionally  concealed  stars  of  the  first  magni- 
tude in  passing  over  them ; once  a stream  of  light  illumined 
the  under  surface  of  some  clouds  as  it  passed  along  : — these 
appearances  were  visible  in  the  winter.  In  the  spring  tbe  aurora 
was  very  brilliant  and  variable ; at  one  time  exhibiting  illu- 
mined beams  issuing  from  the  horizon  in  the  north,  east,  and 
west  points,  and  directed  towards  tbe  zenith  ; in  a few  seconds 
these  disappeared,  and  a complete  circle  was  displayed, 
bounding  the  horizon  at  an  elevation  of  15°.  There  was  a 
quick  lateral  motion,  in  the  attenuated  beams  of  which  this 
zone  was  composed.  Its  colour  was  pale  yellow,  with  an  occa- 
sional tinge  of  red.  On  another  occasion,  the  aurora  borealis 
appeared  from  north-west  to  south-east,  in  an  arch  across  tbe 
zenith,  which  afterwards  gave  place  to  a beautiful  corona 
borealis. 

In  the  month  of  Jan.  1821,  the  aurora  appeared  with  more 
or  less  brilliancy  on  28  nights,  and  for  many  days  together 
the  resplendent  moon  whirled  in  circles  round  the  heavens, 
shiniog  with  undiminished  lustre,  and  scarcely  disappearing 
below  the  horizon  during  the  twenty-four  hours. 

But  Captains  Franklin  and  Parry, and  Dr.  Richardson,  who 
have  added  to  our  already  accumulated  facts  relative  to  this 
curious  phenomenon,  have  thrown  no  light  on  its  theory.  Now 
it  is  known  that  the  luminous  beams  of  Ibis  meteor  are  ail 
cylindrical,  and,  over  a certain  extent  of  country,  parallel  to 
one  another.  And  if  these  cylindrical  beams  are  magnetic, 
and  parallel  to  the  dipping  needle  at  the  places  over  which 
they  appear,  then  is  the  aurora  borealis  a purely  magnetic 
phenomenon,  whose  beams  are  governed  by  the  earth’s  mag- 
netism. And  this  is  the  more  probable,  as  tbe  distance  of 
these  beams  from  tho  earth  is  ncaily  equal  to  their  length  ; the 
rainbow-like  arches  being  about  150  miles  above  tbe  earth’s 
surface. 

Lieutenant  Back,  the  brave  companion  of  Captain  Franklin, 
relates  that,  in  the  same  journey  to  the  Polar  sea,  he  imagined 
more  than  once,  whilst  listening  attentively  in  the  silence  of 
midnight  on  the  wilds  of  tbe  American  lakes,  and  gazing  on 
the  fantastic  beauties  of  tbe  aurora  borealis,  he  heard  a 
rustling  noise,  like  that  of  autumnal  leaves  stirred  by  the  wind. 
This,  however,  he  thinks  was  but  illusion.  The  aurora  was  very 
sluggish  and  dim,  otherwise  he  has  little  doubt  he  should  have 
ascertained  this  yet  undecided  fact.  One  of  the  partners  of 
the  North  West  company  affirmed,  however,  that  on  one  occa- 
sion amidst  these  solitudes,  he  saw  tho  coruscations  of  the 
aurora  so  vivid  and  low,  that  tho  Canadians  fell  on  their  faces, 
fearing  they  should  be  killed:  he  himself  threw  away  his  gun 
and  hi*  knife,  that  he  might  not  attract  tbe  flashes,  which  were 
within  two  feet  of  the  earth,  flitting  along  with  incredible  swift- 
ness, and  moving  parallel  to  its  surface,  making  a loud  rustling 
noise  like  the  waving  of  a flag  in  a strong  breeze.  On  another 
occasion  these  lights  rose  about  north-west,  divided  into  three 
bars,  diverging  at  equal  distances,  as  far  as  the  zenith,  and 
then  converging  till  they  met  in  the  opposite  horizon;  there 
were  some  flashes  emitted  at  right  angles  to  the  bars.  At 
another  time  the  coruscations  were  so  bright  as  to  discover 
eight  wolves  prowling  about  tbe  voyagers.  Heavy  storms 
were  at  some  places  generally  anticipated  by  the  activity  of  the 
aurora  borealis ; though  not  invariably  so  io  other  ports  of  the 
country. 
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And  analogous  to  this  are  those  luminous  arches  so  beauti- 
fully described  by  Thomson  as 

Silent  from  the  north 

A blaze  of  meteors  shoots;  ensweeping  first 
The  lower  skies,  they  all  at  once  converge 
High  to  the  crown  of  heaven,  and  all  at  once 
Relapsing  quick,  as  quickly  reascend. 

And  mix,  and  thwart,  extinguish  and  renew. 

All  ether  coursing  in  a maze  of  light. 

In  March,  1774,  a very  beautiful  luminous  arch  was  seen  at 
Buxton.  It  was  white,  inclining  to  yellow  ; and  its  breadth  in  the 
crown  apparently  equal  to  that  of  the  rainbow.  As  it  approached 
the  horizon,  each  leg  became  gradually  broader.  It  was  station- 
ary, and  free  from  any  sensible  coruscations.  Its  direction  was 
from  north-east  to  south-west;  and  its  crown  or  most  elevated 
part  not  far  from  the  zenith.  This  phenomenon  lasted  about 
half  an  hour.  The  grandest  spectacle  of  this  kind,  seen  in 
Great  Britain,  was  observed  at  Leeds,  on  the  12th  of  April, 
178:),  between  nine  and  ten  at  night.  A broad  arch  of  a bright 
pale  yellow,  with  an  apparent  breadth  of  about  16°,  arose  in 
the  heavens,  and  passed  considerably  south  of  the  zenith;  by 
its  varied  density,  it  appeared  to  consist  of  small  columns  of 
light,  with  a sensible  motion.  After  about  ten  minutes. 
Innumerable  bright  coruscations  shot  out  at  right  angles  from 
its  northern  edge,  elongating  themselves  till  they  had  nearly 
reached  the  northern  horizon.  As  they  descended,  their 
extremities  were  lipped  with  an  elegant  crimson,  like  that  pro- 
duced by  the  electric  spark  in  an  exhausted  tube.  After  some 
time  this  beautiful  northern  light  censed  to  sboot,  and,  forming 
n range  of  bright  yellow  clouds,  extended  horizontally  about 
the  fourth  of  a circle;  its  greatest  portion,  which  darted  from 
this  arch  northwards,  as  well  as  the  cloud-likc  and  more 
stationary  aurora,  became  so  dense  as  to  hide  the  stars  from 
view.  The  moon  was  eleven  days  old,  ami  shone  brightly 
during  this  scene,  but  did  not  eclipse  the  splendour  of  these 
coruscations.  The  wind  was  in  the  north,  a little  to  the  east. 
A similar  phenomenon  was  observed  at  Leeds  on  the  26th  of 
the  same  month.  From  a mass  or  broad  column  of  light  in 
the  west,  issued  three  luminous  arches,  each  of  which  made  a 
different  angle  with  the  horizon.  They  had  not  been  viewed 
many  minutes  when  they  were  rendered  invisible  by  a general 
blaze  of  aurora?  borealcs,  which  possessed  the  space  just  before 
occupied  by  these  arches. 

AURUM,  Gold.  This  most  precious  of  all  the  metals  is  usually 
found  in  a perfectly  pure  state,  possessing  a fine  rich  yellow 
colour,  and  a degree  of  ductility  altogether  incredible,  lly  far 
the  most  copious  supplies  occur  in  alluvial  soils,  situated 
along  the  foot  of  large  ranges  of  mountains,  from  which  it  is 
apparently  washed  down  by  the  rivers.  It  occurs  likewise, 
though  in  smaller  quantities,  in  veins  and  beds  diffused  through 
granite,  gneiss,  and  other  primitive  rocks  ; also  in  porphyry 
and  sand-stone  ; and  it  is  generally  accompanied  with  quartz 
and  iron  pyrites.  Alluvial  gold  is  found  in  the  district  of 
Lcadbills  in  Scotland  ; and  it  is  reported  that,  in  the  time  of 
queen  Elizabeth,  the  metal  was  there  collected  to  the  amount 
of  £100,000.  It  appears  also  in  Glen  Turret,  in  Perthshire, 
some  parts  of  Cornwall,  and  in  Ireland,  near  Arklow,  in  the 
county  of  Wicklow.  In  all  those  places,  however,  it  presents 
itself  rather  as  an  object  of  cariosity  than  of  any  real  value. 
The  same  may  be  said  of  the  veins  which  occur  in  primitive 
rocks  in  Salzburg,  the  Tyrol,  Transylvania,  and  at  Edelfors.  in 
Sweden,  as  well  as  of  tbc  golden  sands  poured  down  by  the 
Danube,  Rhine,  Tagus,  and  other  European  rivers.  Africa  is 
much  more  prolific  of  (his  valued  metal.  All  the  streams  which 
flow  from  the  great  mountain-ranges  in  the  centre  of  that  con- 
tinent appear  to  impregnate  their  sands  with  gold.  It  is  found 
most  copiously  in  Bambouk,  Manding,  Wangara,  and  the 
countries  behind  the  Gold  coast.  A large  quantity  is  also 
collected  in  the  mountains  behind  Mosamhique.  The  islands 
of  Sumatra,  Borneo,  and  Celebes,  in  the  East  Indies,  contain 
large  stores  of  alluvial  gold,  the  working  of  which  has  been  so 
much  improved  by  the  industry  of  the  Chinese,  as  to  render 
those  regions  nearly  independent  of  supply  from  the  west. 
Nothing  on  the  globe,  however,  can  equal  the  abundance  in 
which  the  gold  occurs  throughout  the  vast  regions  of  South 
10. 


America.  The  Mexican  gold  is  chiefly  alluvial,  but  partly 
found  in  primitive  mountains,  and  mixed  with  silver,  in  the 
mines  of  that  metal.  The  situation  of  the  Peruvian  gold  is 
nearly  similar,  but  the  mines  do  not  pay  the  expense  of  work- 
ing, and  the  chief  riches  here,  as  elsewhere,  is  obtained  by 
washing.  The  ample  supply  of  gold  which  is  drawn  from 
Brazil  is  entirely  alluvial,  deposited  along  the  foot  of  that  great 
range  of  mountains  which  forms  ihe  w ester  n frontier  of  that  set- 
tlement. Humboldt  calculates  the  entire  annual  produce  of 
the  Spanish  colonies  at  25,000lbs.  troy,  and  that  of  the  Portu- 
guese at  somewhat  above  2D.OUO.  Gold  occurs  in  three  other 
forms,  called  by  Werner  brass  yellow,  grayish  yellow,  and 
electrum,  or  argentiferous  native  gold.  These  occur  in  different 
parts  of  Europe,  but  in  such  small  quantity  as  not  to  deserve 
much  consideration  here.  The  ductility  and  malleability  of 
gold  is  so  great,  that  its  limits  arc  unknown.  The  weight  of 
a single  grain  of  fine  gold  leaf  will  cover  67  square  inches. 
Calculating  the  specific  gravity  of  the  metal  with  this 
admeasurement,  we  find,  that  282,000  of  these  leaves  put 
together  would  only  be  an  inch  thick.  It  is  nevertheless 
evident  that  gold  is  capable  of  much  greater  extension,  as  the 
I gold-beaters  are  obliged  to  alloy  the  gold  with  copper,  to  make 
' it  hard  enough  to  pass  over  the  irregularities  in  the  skins, 

I which  would  otherwise  pass  round  them.  It  is  likewise  proved 
! by  the  silver-gilt  wire  used  for  lace-making,  which  is  drawn 
! from  an  ingot  of  silver  previously  gilded.  Calculating  the 
length  and  circumference  of  the  wire  thus  drawn,  it  is  found 
that  the  weight  of  a grain  of  gold  thus  employed,  has  spread 
itself  over  a surface  of  twelve  times  greater  extent  than  is  done 
by  the  gold-beaters  in  making  it  into  leaves;  therefore  it 
follow  s,  if  the  gold  could  be  made  into  leaves  as  thin  ns  the 
covering  upon  the  silver  wire,  that  it  would  take  3,384,000 
leaves  to  make  an  inch  in  thickness. 

AURUM  MosiVVUt  used  by  the  japanners,  and  for  varnished 
works,  as  snuff-boxes, coaches, Ac,  has  all  the  beautiful  appear- 
ance of  gold  in  powder.  Amalgamate  twelve  parts  of  the  purest 
tin  with  three  parts  of  mercury  ; the  amalgam  is  then  triturated 
in  a stoue  mortar  with  seven  parts  of  flowers  of  snlphur  and 
| three  parts  of  sal  ammoniac.  The  mixture  is  next  put  into  a 
matrass,  and  the  whole  exposed  to  a gentle  sand-heat,  until  no 
more  white  fumes  arise-  When,  upon  this,  the  bent  is  some- 
what raised,  cinnabar  sublimes,  together  with  some  oxygenated 
muriate  of  tin;  while  at  the  same  time,  the  remaining  tin  and 
sulphur  unite,  forming  the  aurum  musivnm.  exhibiting  a golden 
yellow  and  flaky  and  scaly  matter,  of  a metallic  lustre.  The 
main  point  in  this  process  is  the  proper  regulation  of  the  fire : 
when  too  strong,  the  operation  docs  not  succeed  ; and  instead 
of  aurum  musivum,  the  common  sulphuret  of  tin  is  obtained. 

AUSTRAL,  the  same  as  southern  ; thus  we  say,  Australis 
Corona,  Australis  Piscis , for  Southern  Crown,  and  Southern  Pish. 
See  Corona  and  Piscis. 

AUTOMATON,  a seemingly  self-moving  machine;  or  one 
so  constructed,  by  means  of  weights,  levers,  pulleys,  springs, 
Ac.  as  to  move  for  a considerable  time,  as  if  it  were  endued 
with  animal  life.  And  according  to  this  description,  clocks, 
watches,  and  all  machines  of  that  kind,  arc  aotomata.  It  is 
said  that  Archytas  of  Tarentum,  four  hundred  years  before 
Christ,  made  a wooden  pigeon  that  could  lly  s that  Archimedes 
also  made  similar  automata ; that  Regiomontanus  made  a 
wooden  eagle  that  flew  forth  from  the  city,  met  the  emperor, 
saluted  him.  and  returned  ; also  that  he  made  an  iron  fly,  which 
flew  out  of  his  hand  at  a feast,  and  returned  again  after  flying 
about  the  room;  that  Dr.  Hooke  made  the  rnodt-l  of  a flying  cha- 
riot, capable  of  supporting  itself  in  the  air.  Many  carious  and 
| surprising  automata  have  been  witnessed  in  the  present  age: 
thus,  we  have  seen  figures  that  could  write,  and  perform  many 
other  actions  in  imitation  nf  animals:  M.  Vancanson  made  a 
figure  that  played  on  the  flute  j the  same  gentleman  also  made 
a duck,  which  was  capable  of  eating,  drinking,  und  imitating 
| exactly  the  voice  of  a natural  one  ; and,  what  is  still  more  sur- 
| prising,  the  food  it  swallowed  was  evacuated  in  a digested 
' state,  or  considerably  altered  on  the  principles  of  solution ; 
also  the  wings,  viscera,  and  bones,  were  formed  so  as  strongly 
to  resemble  those  of  a living  duck  ; and  the  actions  of  eating 
i and  drinking  shewed  the  strongest  resemblance,  even  to  the 
muddling  the  water  with  its  bill.  M.  Ic  Dross,  of  Neufchatel.bus 
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also  executed  some  very  curious  pieces  of  mechanism  : one 
was  a clock,  presented  to  the  king  of  Spain,  which  had, 
among  other  curiosities,  a sheep  that  imitated  the  bleating  of 
a natural  one,  and  a dog  watching  a basket  of  fruit,  that  barked 
and  snarled  when  any  one  offered  to  take  it  away ; besides  a 
variety  of  human  figures,  exhibiting  motions  truly  surprising. 
The  automaton  chess-player  is  yet  more  surprising.  Thu 
wonderful  piece  of  mechanism,  the  invention  of  M.  dc  Kemplin, 
an  Hungarian  gentleman,  has  for  may  years  lain  dormant.  It 
was  brought  to  England  in  the  year  1817,  and  exhibited  in  the 
great  room.  Spring  Gardens,  London,  and  in  other  places,  to 
the  admiration  and  satisfaction  of  thousands.  We  shall  here 
give  a description  of  its  mechanism  and  operations.  The  room, 
where  it  is  exhibited,  has  an  inner  apartment,  within  which 
appears  the  figure  of  a man,  as  large  as  life,  dressed  after  the 
Turkish  fashion,  sitting  behind  a chest  three  and  a half  feet 
in  length,  two  feet  in  breadth,  and  two  feet  and  a half  in 
height,  to  which  it  is  attached  by  a wooden  scat.  The  chest 
is  placed  upon  four  castors  ; and,  together  with  the  figure,  may 
be  moved  to  any  part  of  the  room.  On  the  plain  surface, 
formed  by  the  top  of  llm  chest,  in  the  centre,  is  a raised 
immoveable  chess-board,  upon  which  the  figure  has  its  eyes 
fixed;  its  right  arm  and  band  being  extended  on  the  chest,  and 
its  left  arm  holding  a Turkish  tobacco-pipe.  The  exhibitor 
begins  by  wheeling  the  chest  to  the  entrance  of  the  apartment 
within  which  it  stands,  and  in  face  of  the  spectators.  He 
then  opens  certain  doors  in  the  chest,  two  in  front,  and  two 
at  the  back,  at  the  same  time  pulling  out  a long  shallow 
drawer  at  the  bottom,  which  contains  the  chess-men,  a cushion 
for  the  arm  of  the  figure  to  rest  upon,  and  some  counters. 
Two  lesser  doors,  and  a green  cloth  screen,  contrived  in  the 
body  of  the  figure,  and  its  lower  parts,  are  likewise  opened, 
and  the  Turkish  robe  which  covers  them  is  raised  ; so  that  the 
construction  both  of  the  figure  aud  chest  internally  is  displayed. 
In  this  state  the  automaton  is  moved  round  for  the  examina- 
tion of  the  spectators ; and  to  banish  all  suspicion  that  any 
living  thing  is  concealed  within  any  part  of  it,  the  exhibitor 
introduces  a lighted  candle  into  the  body  of  the  chest  and 
figure,  by  which  the  interior  of  each  is,  in  a great  measure, 
rendered  transparent,  and  the  most  secret  corner  is  shewn. 
Here  it  may  be  observed,  that  the  same  precaution  to  remove 
suspicion  is  used,  if  requested,  at  the  close  as  at  the  com- 
mencement of  a game  of  chess  with  the  automaton.  The  chest 
is  divided,  by  a partition,  into  two  unequal  chambers.  That 
to  the  right  of  the  figure  is  the  narrowest,  and  occupies 
scarcely  one-third  of  the  body  of  the  chest.  It  is  filled  with 
little  wheels,  levers,  cylinders,  and  other  machinery  used  in 
clock-work.  That  to  the  left  contains  a few  wheels,  some 
small  barrels  with  springs,  and  two  quarters  of  a circle  placed 
horizontally.  The  body  and  lower  parts  of  the  figure  contain 
tubes,  which  seem  to  be  conductors  to  the  machinery.  After 
a sufficient  time,  during  which  each  spectator  may  satisfy  his 
scruples  and  his  curiosity,  the  exhibitor  re-closes  the  doors  of 
of  the  chest  and  figure,  and  the  drawer  at  bottom  ; makes 
some  arrangements  in  the  body  of  the  figure;  winds  up  the 
works  with  a key  inserted  into  a small  opening  on  the  side  of 
the  chest ; places  a cushion  under  the  left  arm  of  the  figure,  w hich 
now  rests  upon  it;  and  invites  any  individual  present  to  play 
a game  of  chess.  In  playing  a game,  the  automaton  makes 
choice  of  the  white  pieces,  and  always  lias  the  first  move. 
These  arc  small  advantages  towards  winning  the  game,  which 
are  cheerfully  conceded.  It  plays  with  the  left  hand,  the 
right  r>rm  aud  hand  being  constantly  extended  on  the  chest, 
behind  which  it  is  seated.  This  slight  incongruity  proceeded 
from  absence  of  mind  in  the  inventor,  who  did  not  perceive 
bis  mistake  till  the  machinery  of  the  automaton  was  too  far 
completed  to  admit  of  the  mistake  being  rectified.  At  the 
commencement  of  a game,  the  automaton  moves  its  head,  as 
if  taking  a view  of  the  board  ; the  same  motion  occurs  at  the 
close  of  a game.  In  making  a move,  it  slowly  raises  its  left 
arm  from  the  cushion  placed  under  it,  and  directs  it  towards 
the  sqnare  of  the  piece  to  be  moved.  Its  band  and  fingers 
open  on  touching  the  piece,  which  it  takes  up,  and  conveys  to 
any  proposed  square.  The  arm  then  returns  with  a natural 
motion  to  the  cushion,  upon  which  it  usually  rests.  In  taking 
a piece,  tU«  automaton  makes  the  same  motions  of  the  arm 


and  hand  to  lay  hold  of  the  piece,  which  it  conveys  from  lire 
board;  and  then,  returning  to  its  own  piece,  it  takes  it  up, 
and  places  it  on  the  vacant  square.  These  motions  are  per- 
formed with  perfect  correctness;  and  the  dexterity  with  which 
the  arm  acts,  especially  in  the  delicate  operation  of  castling, 
seems  to  be  tbe  result  of  spontaneous  feeling,  bending  at  the 
shoulder,  elbow,  and  knucklrs,  and  cautiously  avoiding  to 
touch  any  other  piece  than  that  which  is  to  dc  moved,  nor 
ever  making  a false  move.  After  a move  made  by  its  anta- 
gonist, the  automaton  remains  for  a few  moments  inactive,  as 
if  meditating  its  next  move ; upon  which  the  motions  of  the 
left  arm  and  hand  follow.  On  giving  check  to  the  kiug, 
it  moves  its  head  as  a signal.  When  a false  move  is 
made  bv  its  anlngoni.it,  which  frequently  occurs  through 
curiosity  to  observe  in  what  manner  the  automaton  will  act, 
(as,  for  instance,  if  a knight  be  made  to  move  like  a castle,) 
tbe  automaton  taps  impatiently  on  the  chest  with  its  right 
hand,  replaces  tbe  knight  on  its  former  square,  and,  not  per- 
mitting its  antagonist  to  recover  his  move,  proceeds  immedi- 
ately to  move  one  of  its  own  pieces,  thus  appearing  to  punish 
him  for  his  inattention.  The  little  advantage  in  play  which  is 
hereby  gained,  makes  tbe  automaton  more  a match  for  its 
antagonist ; and  seems  to  have  heen  contemplated  by  the 
inventor  as  an  additional  resource  towards  winning  the  game. 
— It  is  of  importance  that  the  person  matched  against  the  auto- 
maton should  be  attentive,  in  moving  a piece,  to  place  it  pre- 
cisely in  the  centre  of  its  square;  otherwise,  the  figure, 
in  attempting  to  lay  hold  of  the  piece,  may  miss  its 
bold,  or  even  sustain  some  injury  in  the  delicate  mechanism 
of  the  fingers.  Wrhen  the  person  has  made  a move,  no  altera- 
tion in  it  can  take  place ; and  if  a piece  be  touched,  it  must 
be  played  somewhere.  This  rule  is  strictly  observed  by  the 
automaton.  If  its  antagonist  hesitate  to  move  for  a consider- 
able lime,  it  taps  smartly  on  the  top  of  the  chest  with  the  tight 
band,  which  is  constantly  extended  upon  it,  as  if  testifying 
impatience  at  bis  delay.  During  tbe  time  that  the  automaton 
is  in  motion,  a low  sound  of  clock-work  is  heard,  which  ceases 
soon  after  its  arm  returns  to  the  cushion,  and  then  its  antago- 
nist may  make  his  move.  The  works  arc  wound  np  at  inter- 
vals, after  ten  or  twelve  moves,  by  the  exhibitor,  who  is  usually 
employed  in  walking  up  and  down  the  apartment  in  which  the 
automaton  is  shewn ; approaching  the  chest  however,  from 
time  to  lime,  especially  on  its  right  side. 

AUTUMN,  the  third  season  of  the  year:  this  begins  at  the 
descending  equinox,  which,  in  the  northern  hemisphere,  is 
when  the  sun  enters  the  sign  Libra,  about  the  twenty-second 
of  August,  and  ends  about  the  same  day  in  December. 

Autumnal  Equinox,  the  time  when  the  sun  enters  the  de- 
scending point  of  the  ecliptic,  where  it  crosses  the  equinoctial. 

Autumnal  Point,  the  point  of  tbe  ecliptic  answering  to  the 
autumnal  equinox. 

Autumnal  Signs,  arc  the  signs  Libra,  Scorpio,  Sagittarius, 
through  which  the  sun  passes  during  autumn. 

AVIARY,  a place  set  apart  for  rearing  and  feeding  birds, 
which  should  be  so  large  as  to  afford  tbe  birds  some  scope  to 
fly  about,  and  if  turfed,  Ihr-rc  will  be  no  appearance  of  dirt. 
Good  stout  small  net,  doubled,  makes  a good  fence  for  an 
aviary;  but  wire  is  much  better. 

AVOIDANCE,  in  the  Cnnon  Law,  is  when  a benefice 
becomes  void  of  an  incumbent,  which  happens  either  in  fact,  as 
by  tbe  death  of  the  person ; or  in  law,  as  by  cession,  depriva- 
tion, resignation,  &e.  la  the  first  of  these  cases  the  patron 
must  take  notice  of  the  avoidance  at  his  peril ; but  in  avoid- 
ance by  law.  the  ordinary  is  obliged  to  give  notice  to  the 
patron  in  order  to  prevent  what  is  termed  an  elapse. 

AVOIRDUPOIS,  the  weight  for  the  larger  and  coarser 
commodities  ; such  as  groceries,  lead.  See.  Apothecaries  buy 
by  avoirdupois,  but  sell  by  troy  weight.  Tbe  proportion  of  a 
pound  avoirdupois  to  a pound  troy  is  ns  17  to  14. 

AVOWEE,  one  who  has  a right  to  present  to  a benefice. 
He  is  so  called  in  contradistinction  to  those  who  only  have  the 
binds  to  which  the  advowson  belongs,  for  a term  of  years,  or  by 
virtue  of  intrusion  or  disseisin. 

AVOWRY,  in  Law.  is  when  a person  distrained  sues  out  a 
replevin;  for  then  the  distrainer  must  avow  and  justify  his  plea, 
for  distraining  which  is  called  bis  avowry. 
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AXIOM,  a self-evident  truth,  or  a proposition,  the  truth  of 
which  i»  perceived  at  first  sight.  Thus,  that  a whole  is  greater 
than  a part ; that  a thing  cannot  be,  and  not  be,  at  the  same 
time;  and  that  from  nothing,  nothing  can  arise;  are  self-evi- 
dent truths.  or  axioms.  Axiom  is  also  an  established  principle 
in  some  art  or  science.  Thus,  it  is  an  axiom  iu  geometry,  that 
things  which  are  equal  to  the  same  thing,  arc  equal  to  each 
other  ; that  if  to  equal  things,  equal  things  be  added,  the  wholes 
will  be  equal,  &c. 

AXIS,  in  Astronomy,  an  imaginary  right  line,  supposed  to 
pass  through  the  earth,  sun.  planets,  satellites,  Ac.  and  about 
which  they  perform  their  respective  diurnal  rotations.  The 
earth  and  planets,  in  their  progress  through  the  annual  orbit, 
move  in  such  a manner  that  the  axis  of  each  always  keeps 
parallel  to  itself,  or  points  to  the  same  parts  of  the  heavens. 
The  axis  of  the  earth  is  inclined  lo  the  ecliptic  in  an  angle  of 
neatly  001°,  a position  which  is  well  adapted  for  promoting  the 
fertility  of  the  earth,  and  rendering  it  habitable.  Dr.  Keill  has 
pointed  out  many  advantages  which  resultfrom  this  inclination 
of  the  axis,  particularly  in  ripening  the  fruits  of  the  earth  ; and 
he  has  proved  the  truth  of  much  that  was  advanced  by  Kepler 
to  the  same  effect.  Among  other  curious  particulars,  Keill  has 
shewn,  that  all  who  live  beyond  45°  of  latitude,  and  have 
greatest  need  of  the  sun's  heat,  have  more  of  it  during  the 
whole  year  than  if  the  equator  and  ecliptic  coincided  ; whereas 
they  who  live  between  the  equator  and  4 6°  of  latitude,  and  are 
rather  too  much  exposed  to  the  sun  than  too  little,  have,  on 
account  of  ihe  present  inclination,  less  of  the  sun's  beat  than 
if  the  earth  were  in  the  position  of  a right  sphere. 

Axis  of  the  Horizon,  Equator,  &c.  is  a right  line  drawn 
through  the  centre  of  the  respective  circle,  perpendicular  to 
its  plane. 

Axis,  in  Geometry,  the  straight  line  in  a plane  figure,  about 
which  it  revolves,  to  produce  or  generate  a solid.  Thus,  if  a 
semicircle  be  moved  ronnd  its  diameter  at  rest,  it  will 
generate  a sphere,  whose  axis  is  that  diameter.  And  if  a 
right-angled  triangle  be  turned  about  its  perpendicular 
at  rest,  it  will  describe  a cone,  whose  axis  is  that  per- 
pendicular. 

Axis  is  yet  more  generally  used  for  a right  line  conceived  to 
be  drawn  from  the  vertex  of  a figure  to  the  middle  of  the 
base.  So  the 

Axis  of  a Circle  or  Sphere,  is  any  line  drawn  through  the 
centre,  and  terminated  at  the  circumference,  on  both  sides. 

Axis  of  a Cone,  is  the  line  from  the  vertex  to  the  centre  of 
the  base. 

Axis  of  a Cylinder,  is  the  line  from  the  eentre  of  the  one  end 
to  that  of  the  other. 

Transverse  Axis,  in  the  ellipse  and  hyperbola,  is  the  diameter 
passing  through  the  two  foci,  and  the  two  principal  vertices  of 
the  figure.  In  the  hyperbola  it  is  the  shortest  diameter,  but 
in  the  ellipse  it  is  the  longest. 

Conjugate  Axis,  or  Second  Axis,  in  the  ellipse  and  hyperbola, 
is  the  diameter  passing  through  the  centre,  and  perpendicular 
lo  the  transverse  axis.  It  is  the  shortest  of  all  the  conjugate 
diameters. 

Axis  of  a CVrw  Line,  is  still  more  generally  used  for  that 
diameter  which  has  its  ordinates  at  right  angles  to  it,  when 
that  position  is  possible. 

Axis,  in  Mechanics,  a certain  line  about  which  a body  may 
turn.  Axes  are  of  varions  kinds;  as. 

Axis  of  a Halanee,  the  line  upon  which  it  moves  or  turns. 

Axis  of  Rotation,  the  line  about  which  a body  really  revolves, 
when  it  is  put  in  motion.  The  impulse  given  to  a homoge- 
neous sphere,  in  a direction  which  docs  not  pass  through  its 
centre,  will  cause  it  to  revolve  constantly  round  ihe  diameter, 
which  is  perpendicular  to  a plane  passing  through  its  centre, 
and  the  line  of  direction  of  the  impressed  force.  New  forces 
acting  on  all  its  parts,  and  of  which  the  result  passes  through 
its  eentre.  will  not  change  the  parallelism  of  its  axis  of  rota- 
tion. Thus  it  is,  that  the  axis  of  the  earth  remains  always 
nearly  parallel  to  itself  in  its  revolution  round  the  sun,  without 
its  being  necessary  to  suppose,  with  Copernicus,  an  annual  I 
motion  of  the  poles  of  the  cnrlh  round  those  of  the  ecliptic.  ! 
If  the  body  possess  a certain  figure,  its  axis  of  rotation  may 
change  every  instant.  The  determination  of  these  chauges,  1 


whatever  may  be  the  forces  acting  on  the  bodies,  is  one  of  the 
most  interesting  problems  of  mechanics  respecting  hard  bodies, 
on  account  of  its  connexion  with  the  precession  of  the  equi- 
noxes, and  the  libration  of  the  moon.  The  solution  of  this 
problem  has  led  to  a curious  and  very  useful  result ; namely, 
that  in  all  bodies  there  exist  three  axes  perpendicular  to  carh 
other,  round  which  the  body  may  turn  uniformly  when  not 
solicited  by  external  forces.  On  this  account,  these  axes  arc 
properly  called  principal  axes  of  rotation. 

Axis  of  Oscillation,  is  a line  parallel  to  the  horizon,  passing 
through  the  centre,  about  which  a pendulum  vibrates,  and 
perpendicular  to  the  plane  in  which  it  oscillates. 

Axis  in  Peritrochio,  one  of  the  five  mechanical  powers,  con- 
sisting of  a pcritrochium  or  wheel,  and  moveable  together  with 
it  about  its  axis.  The  power  is  applied  at  the  circumference 
of  the  wheel,  and  the  weight  is  raised  by  a rope  that  is  gathered 
up  on  the  axis  while  the  machine  turns  round.  The  power  may 
be  conceived  as  applied  at  the  extremity  of  the  arm  of  a lever, 
equal  to  the  radius  of  the  wheel ; and  the  weight  as  applied  at 
the  extremity  of  a lever,  equal  to  the  radius  of  the  axis  ; only 
those  arms  do  not  meet  at  one  centre  of  motion  as  in  the  lever, 
but  in  place  of  this  centre  we  have  an  axis  of  motion,  viz.  the 
axis  of  the  whole  machine. 

Axis,  in  Optics : Optic  axis,  or  visual  axis,  is  a ray  passing 
through  the  centre  of  the  eye,  or  falling  perpendicularly  on 
the  eye. 

Axis  of  a Lent,  or  Class,  is  the  axis  of  the  solid  of  w hich  the 
lens  is  a segment  Or  the  axis  of  a glass,  is  the  line  joining 
the  two  vertices  or  middle  points  of  the  two  opposite  surfaces 
of  the  glass. 

Axis  of  a Magnet,  is  a line  passing  through  the  middle  of  a 
magnet  lengthwise,  in  such  a manner  as  that,  however  the 
magnet  is  divided,  provided  the  division  is  made  according  to 
a plane  in  which  such  line  is  found,  the  magnet  will  be  cut  or 
separated  into  two  loadstones  ; and  the  extremes  of  such  lines 
are  called  the  poles  of  the  magnet. 

AZIMUTH,  an  Arabic  term  in  Astronomy,  signifying  an  arc 
of  the  horizon  intercepted  between  the  meridian  of  the  place, 
and  the  vertical  circle  passing  through  the  centre  of  an  object, 
and  is  equal  to  an  angle  of  the  zenith,  formed  by  the  said 
meridian  and  vertical  circle,  which  is  measured  by  the  fore- 
mentioned  arc.  The  Azimuth  is  reckoned  eastward  in  the 
morning,  and  westward  in  the  afternoon,  aud  is  usually  esti- 
mated to  the  north  or  south,  as  it  is  nearer  to  one  or  other  of 
those  points : thus,  if  it  be  found  that  the  vertical  circle  which 
passes  through  the  zenith,  intersects  the  horizon  exactly  between 
the  east  and  the  sontb,  then  the  star's  azimuth  is  snid  to  he  4}° 
eastward  of  the  south  ; or  it  is  the  complement  to  the  eastern 
or  western  amplitude. 

To  find  the  Azimuth , at  the  Time  of  the  Equinox,  trigonome 
trically , Say, 

As  radius  Is  to  the  tangent  of  the  latitude. 

So  is  the  tangent  of  the  altitude  of  the  sun  or  star 
To  the  cosine  of  the  azimuth  from  the  south. 

To  find  the  azimuth  of  a sun  or  star  at  any  other  time,  the 
reader  may  consult  any  elementary  treatise  on  astronomy. 

Vaguetieal  Azimuth,  an  arch  of  the  horizon  contained  be- 
tween the  azimuth  circle  of  the  celestial  object  and  the  niHgnc- 
tical  meridian;  or  it  is  the  apparent  distance  of  the  object 
from  the  north  or  south  point  of  the  compass.  This  is 
by  observing  the  object  with  an  azimuth  compass,  when  it  is 
•bout  10°  or  15°  high,  either  in  the  forenoon  or  afternoon. 

Azimuth  Compass,  fig  l-».  is 
a compass  used  at  sea  for  find- 
ing the  sun’s  magnetieal  azi- 
muth ; or,  more  properly,  to  lake 
the  bearing  of  any  celestial  ob- 
ject, when  it  is  in  or  above  the 
horizon,  in  order  to  find  from 
the  magnetical  azimuth,  or  am- 
plitude, the  variation  of  the 
needle.  The  object  is  viewed 
through  the  upright  slits  or 
sights,  and  the  bearing  is  read 
off  on  the  card,  which  is  divided 
into  degrees,  five. 
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Azihi'TH  Circles,  called  also  veitioal  circles,  arc  great  cir- 
cles of  the  sphere,  intersecting  each  other  in  the  zenith  and 
nadir,  and  cutting  the  horizon  at  right  anglrs. 

Azimuth  Dial,  is  a dial  whose  stile,  or  gnomon,  is  at  right 
angles  to  the  plane  of  the  horizon. 

AZl'RE,  in  a general  sense,  the  blue  colour  of  the  sky  ; in 
Painting,  a fine  blue  colour  extracted  fioni  cobalt  and  lapis 
lazuli ; but  the  colour  extracted  from  the  latter,  is  called  ultra- 
marine Set  Colours. 

Aztiar , in  Heraldry,  the  blue  colour  in  the  arms  of  any  per- 
son below  the  rank  of  a baron.  In  the  escutcheon  of  a noble- 


man it  is  called  sapphire,  and  in  that  of  a sovereign  prince 
Jupiter.  In  Engraving,  this  colour  is  expressed  by  lines  drawn 
horizontally.  This  colour  may  signify  justice,  perseverance, 
and  vigilance;  when  compounded  with 


Or, 

r 

Cheerfulness. 

Argent, 

V if 

Vigilance. 

Gules, 

Readiness. 

Vcr, 

i ; ( 

Enterprise. 

Pur, 

/a 

Goodness. 

Fab, 

V.  J 

Sorrow. 

B. 


15 AC,  in  Navigation,  a praam  or  ferry  boat  ; in  Brewing,  a 
beer  cooler,  a large  shallow  tub  ; in  Distillery,  fermenting  tubs, 
arc  called  bacs.  And  a bac-niakcr  is  a cooper,  who  makes 
liquor-bars,  underlines,  coolers,  mashtuhs,  working  tuns,  Ac. 

BACCHAKIS,  ploughman’s  spikenard. 

BACK  Painting,  the  method  of  painting  mezzotiuto  prints, 
painted  on  plate  or  crown  glass  with  oil  colours,  thus  : — the  print 
and  glass  are  to  be  of  one  size  : the  print  is  soaked  in  water  two 
hours  or  longer,  till  thoroughly  moistened  ; then  put  between 
two  sheets  of  clean  paper  to  he  dried  ; the  glass  is  warmed 
gently,  and  covered  with  Strasburgh  turpentine : the  plate  laid 
on  it,  and  rubbed  down  closely.  Then  the  whole  of  the  paper 
U rubbed  off  with  the  palin  of  the  hand,  but  the  print,  like  a 
thin  film,  is  left  upon  the  glass,  and  set  by  to  dry.  When  dry 
it  is  varnished  with  white  transparent  varnish,  and  then 
coloured,  or  painted  with  oil-colours,  tempered  very  stiffly; 
the  shadows  of  the  engraving  being  generally  sufficiently  deep 
for  the  picture. 

Back-Staff,  an  instrument  invented  by  captain  Davis  for  a 
sea  quadrant,  and  is  so  named  because  the  back  of  the  observer 
is  turned  towards  the  sun  when  using  the  instrument. 

Back-Stays,  are  long  ropes  extending  from  the  top-mast 
heads  to  both  sides  of  the  ship,  where  they  are  extended  to 
the  channels.  Their  use  is  to  second  the  efforts  of  the  shrouds 
in  supporting  the  mast  when  Attained  by  a weight  of  sail. 
They  are  usually  distinguished  into  breast  back-stays,  after 
hack-stavs.  and  shifting  back-stays;  the  first  being  intended  to 
sustain  tnc  mast  when  the  ship  sails  upon  a wind ; nr,  in  other 
terms,  when  the  wind  acts  upon  a ship  sideways;  the  second 
is  to  enable  her  to  carry  sail  when  the  wind  is  farther  aft ; and 
the  third  kind  take  their  name  from  being  shifted  or  changed 
from  one  side  to  the  other,  as  occasion  requires.  There  are 
also  back-stays  to  the  tnp. gallant-musts. 

BACON,  Koor.a,  a Franciscan  friar,  born  near  Ileliester  in 
Somersetshire,  in  121-1,  and  died  in  1284.  This  bright  luminary 
of  the  thirteenth  century,  was  also  a great  linguist  and  gram- 
marian, well  versed  in  the  theory  of  perspective  and  optics, 
knew  the  use  of  convex  and  concave  glasses,  and  is  said  to 
have  been  the  inventor  of  gunpow  der,  at  least  so  far  as  related 
to  its  explosive  power:  he  also  understood  the  erroneous  prin- 
ciple of  the  calendar,  and  assigned  the  cause,  and  proposed 
the  remedy : he  possessed  great  knowledge  in  the  medical  art, 
and  was  an  able  mathematician,  metaphysician,  and  theologist. 
His  great  learning,  however,  subjected  him  to  the  persecution 
of  his  ignorant  brethren,  who  acrused  him  of  having  dealings 
with  the  devil,  and  he  was  in  consequence  confined  for  ten 
years,  during  which  lime  he  is  said  to  have  prosecuted  his 
studies  with  the  same  ardour  as  before,  and  with  the  greatest 
possible  success. 

Bacon,  Francis.  Baron  ofVertilam,  Viscount  of  St.  Alban’s, 
and  Lord  High  Chancellor  of  England  under  James  I.  was 
born  in  1560.  and  died  in  1020 ; was  one  of  those  extraordinary 
geniuses,  who,  by  giving  a new  direction  to  the  study  of  philo- 
sophy have  most  contributed  to  the  advancement  of  the 


i 

I 
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sciences.  lie  clearly  perceived  the  imperfection  of  the  philo- 
sophy of  the  old  school,  and  pointed  out  the  only  means  of 
reforming  it,  by  proceeding  from  facts  to  theories,  and  by 
means  of  experiments  to  the  discovery  of  the  laws  of  nature. 
The  baron  was  not,  however,  immaculate  in  his  office  of 
chancellor;  he  was  impeached  for  bribery  and  corruption, 
found  guilty  by  his  peers,  and  fined  £40,000.  Alas  ! that  the 
*• prophet  of  arts'’  should  have  stooped  to  receive  gifts  for  the 
discharge  of  his  duties  I 

HAIL,  is  used  in  our  common  law  to  signify  the  freeing  or 
setting  at  liberty  a person  arrested  or  imprisoned  for  any 
action,  either  civil  or  criminal,  on  surety  taken  for  his 
appearance  at  a certain  place  and  on  a particular  day.  And 
the  object  of  bail  is  to  satisfy  the  condemnation  aud  costs  in 
the  notion,  or  render  the  defendant  to  prison.  In  criminal 
cases,  every  defendant  is  not  bailable,  as  for  treason,  murder, 
manslaughter,  &c. 

BALANCE,  in  Mechanics,  a peculiar  application  of  the 
lever,  in  order  to  determine  the  difference  or  equality  of  weights 
in  heavy  bodies,  and  ronsequently  tbeir  masses  or  quantity  of 
matter.  There  arc  various  kinds  of  balances  ; the  principal  of 
which,  however,  are  the  Common  balance,  the  Bent  Lever 
balance,  the  Roman  balance,  and  the  Swedish  or  Danish 
balance.  Balances  also  receive  other  denominations,  accord- 
ing to  the  circumstances  under  which  they  are  employed,  or 
the  principles  on  which  they  act,  as  Assay  balance,  hydro- 
static. balance,  &c. 

The  Commos  Balance,  or  Scale.  This  instrument  is  too 
w ell-known  to  need  any  particular  description ; it  consists  of 
a lever  A C,  with  equal  arms,  at 
the  extremity  of  each  of  which 
is  attached  a scale,  as  D and  E, 
and,  before  loading  it  with  any 
weights,  the  whole  ought  to  pre- 
serve a perfect  equilibrium  ; and 
this  equilibrium  must  arise  from 
an  exact  distribution  of  the 
weight  of  each  arm  aud  scale  of 
the  balance,  as  well  as  from  the 
equal  length  of  the  former ; for 
on  this  depends  the  accuracy  of 
its  action.  The  following  obser- 
vations have  been  made,  with  regard  to  the  accuracy  of  the 
halanoe  : — **  It  should  rest  in  a horizontal  position  when  loaded 
with  equal  weights.  It  should  have  great  sensibility  ; that  is, 
the  addition  of  a small  weight  in  either  scale  should  disturb 
the  equilibrium,  and  make  the  beaut  incline  sensibly  from  the 
horizontal  position.  It  should  have  great  stability ; that  is, 
when  disturbed,  it  should  quickly  return  to  a state  of  rest. 
That  the  first  requisite  may  be  obtained,  the  beam  must  have 
equal  arms,  and  the  centre  of  suspension  must  he  higher  than 
the  centre  of  gravity.  Were  these  centres  to  coincide,  the 
beam,  when  the  weights  were  equal,  would  rest  in  any  position, 
and  the  addition  of  the  smallest  weight  would  overset  the 
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balance,  and  place  tlie  beam  in  a vertical  situation,  from  which 
it  would  have  no  tendency  to  return.  The  sensibility,  in  this 
case,  would  be  the  greatest  possible ; but  the  other  two  requi- 
sites, of  level  and  stability,  would  be  entirely  lost.  The  case 
would  be  CTen  worse,  if  the  centre  of  gravity  were  lower  than 
the  centre  of  suspension,  as  the  balance,  when  deranged, 
would  make  a revolution  of  no  less  than  a semicircle.  When 
tho  centre  of  suspension  is  higher  than  the  centre  of  gravity,  if 
the  weights  be  equal,  the  beam  will  be  horiaontal ; and  if  they 
be  unequal,  it  wilt  take  an  oblique  position,  and  will  raise  the 
centre  of  gravity  of  the  whole,  making  the  momentum  on  the 
aide  of  the  lighter  weight  equal  to  that  on  the  side  of  the  heavier, 
so  that  an  equilibrium  will  again  take  place.  The  second 
requisite  is  the  sensibility  of  the  balance,  or  the  smallness  of 
the  weight  by  which  a given  angle  of  inclination  is  produced. 
If  s be  the  length  of  the  arm  of  the  balance,  and  b the  distance 
between  the  eentre  of  suspension  and  the  centre  of  gravity, 
P the  load  in  either  scale,  and  W the  weight  of  the  beam,  the 

sensibility  of  the  balance  is  M ' it  **  therefore 

renter,  the  greater  the  length  of  the  arm,  the  less  the  distance 
etween  the  two  centres,  and  the  less  the  weight  with  which 
the  balance  is  loaded.  Lastly,  The  stability,  or  the  force  with 
which  the  state  of  equilibrium  is  recovered,  is  proportional  to 
(2  P 4-  W)  6.  the  denominator  of  the  preceding  fraolion.  The 
diminution  of  b.  therefore,  while  it  increases  the  sensibility, 
lessens  the  stability  of  tho  balance.  The  lengthening  of  a will, 
however,  increase  the  former  of  these  quantities,  without 
diminishing  the  latter.  The  above  formulx  are  of  great  prac- 
tical utility,  because  by  means  of  them,  one  balance  may  be 
made,  having  exactly  the  same  sensibility  and  stability  with 
another;  it  is  only  required  that  the  ratio  of  the  lengths  of  the 
arms  should  be  the  same  with  thnt  which  is  compounded  of  the 
ratios  of  the  distances  of  the  centres  of  gravity  and  suspension, 
and  of  the  weights  of  the  beams. — A balance  made  by  Ramsden 
for  the  Royal  Society,  is  capable  of  weighing  ten  pounds,  and 
turns  with  half  a grain,  or  a millionth  part  of  the  weight  The 
descriptions  of  balances,  given  by  mechanical  writers,  are  gene- 
rally defective,  as  they  do  not  give  the  values  of  a,  b,  and  YV, 
the  quantities  on  which  the  merit  of  the  balance  depends,  and 
by  the  knowledge  of  whicb,  similar  instruments  might  be  con- 
structed. In  some  of  the  nicest  balances,  b is  made  variable 
by  means  of  a small  moveable  weight" 

Compound  Balance,  is  a combination  of  several  balances 
employed  in  weighing  very  heavy  bodies,  as  anchors,  great 
gons,  &c. 

Bent  Lever  Balance.  See  Plate,  Balances,  fig.  1.  This 
instrument  operates  by  a fixed  weight  C at  the  end  of  the 
bent  lever  ABC,  supported  on  its  axis  B,  in  the  pillar  I H, 
having  a scale  E suspended  from  the  other  extremity  of  the 
lever  at  A.  l>raw  the  horizontal  line  KB(J  through  B,  the 
centre  of  motion,  on  which  from  A and  C let  fall  the  perpendi- 
culars AK,  CD;  then  if  BK  and  B D are  reciprocally  in  pro- 
ortion  to  the  weights  at  A and  C,  they  will  be  in  cquilibrio; 
ut  if  not,  the  weight  C will  move  upwards  or  downwards  along 
the  arc  F G.  till  that  ratio  be  obtained.  If  the  lever  be  so 
bent,  that  when  A coincides  with  the  line  GK,  C coincides  with 
the  vertical  B H.  then  as  C moves  from  F to  G,  its  momentum 
will  increase,  while  that  of  the  weight  in  tho  scale  E will 
decrease ; hence  the  weights  in  E corresponding  to  different 
positions  of  the  balance,  may  be  expressed  on  the  graduated 
arc  FG,  and  the  whole  used  in  the  same  way  as  the  steel- 
yard. 

Hydrostatic  Balance,  (Plate,  fig.  2,)  an  instrument  used 
for  determining  the  specific  gravity  of  bodies,  whether  fluid  or 
solid  : there  arc  various  constructions  given  to  this  instru- 
ment, but  the  following  appears  to  be  of  all  others  the  most 
accurate.  V C G,  is  the  stand  or  pillar  of  this  hydrostatic 
balance,  which  is  to  he  fixed  in  a table.  From  the  top  A hangs, 
by  two  silk  strings,  the  horizontal  bar  B B,  from  which  is 
suspended,  by  a ring  i,  the  fine  beam  of  a balance  b;  which  is 
prevented  from  descending  too  low  on  either  side  by  the  gently 
springing  piece  t xyz,  fixed  on  the  support  M.  The  harness 
is  annutated  at  o,  to  shew  distinctly  the  perpendicular  position 


of  the  examcn,  by  the  small  pointed  index  fixed  above  it.  The 
strings  hy  which  the  balnnce  is  suspended,  passing  over  two 
pulleys,  one  on  each  side  the  piece  at  A,  go  down  to  the  bottom 
on  the  other  side,  and  are  hung  over  the  hook  at  v ; which  hook, 
by  means  of  a screw  P,  is  moveable  about  one  inch  and  a quar- 
ter, backward  and  forward,  and  therefore  the  balance  may  be 
raised  or  depressed  so  much.  But  if  a greater  elevation  or 
depression  bo  required,  the  sliding  piece  S,  which  carries  tho 
screw  P,  is  readily  moved  to  any  part  of  the  square  brass  rod 
V K,  and  fixed  by  means  of  a screw.  The  motion  of  the  balance 
being  thus  adjusted,  the  rest  of  the  apparatus  is  as  follows  : — 
H H is  a small  board,  fixed  upon  the  piece  D,  under  the  scales 
d and  s,  and  is  moveable  up  and  down  in  a low  slit  in  the  pillar 
above  C,  and  fastened  at  any  part  by  a screw  behind.  From 
the  point  in  the  middle  of  the  bottom  of  each  scale,  hang,  by  a 
fine  hook,  brass  wires  ad  and  a e.  These  pass  through  two 
holes  m,  m in  the  table.  To  the  wire  a d is  suspended  a curious 
cylindrie  wirers,  perforated  at  each  end  for  that  purpose: 
i this  wire  r#  is  covered  with  paper,  graduated  by  equal  divi- 
sions, and  is  about  five  inches  long.  In  the  corner  of  the 
; board  at  E is  fixed  a brass  tube,  on  which  a round  wire  A / is 
so  adapted  as  to  move  neither  too  tight  nor  too  free,  by  its  flat 
bead  I.  Upon  the  lower  part  of  this  moves  another  tube  Q, 
which  has  sufficient  friction  to  make  it  remain  io  any  position 
required : to  this  is  fixed  an  index  T,  moving  horizontally 
when  the  wire  kl  is  turned  about,  and  therefore  may  be  easily 
t set  to  the  graduated  wire  ri.  To  the  lower  end  of  tho  wire  »•/ 
I hangs  a weight  L;  and  to  that  a wire  o n,  with  a small  brass 
ball  g,  about  one-fourth  of  an  inch  aiameter.  On  the  other 
: side,  to  the  wire  a c,  hangs  a large  glass  bubble  B'  by  a horse- 
hair. Let  us  first  suppose  the  weight  L taken  away,  and  tho 
wire  pn  suspended  from  S,  and,  on  the  other  side,  let  the  bub- 
ble B'  be  taken  away,  and  the  weight  F,  suspended  at  r,  in  its 
room.  This  weight  F we  suppose  to  be  sufficient  to  keep  the 
several  parts  hanging  to  the  other  scale  in  equilibrium  ; at  the 
same  time  that  the  middle  point  of  the  wire  p n is  at  the  surface 
of  the  water  in  the  vessel O.  The  wire  on  is  to  be  of  such 
! a size,  that  the  length  of  one  inch  shall  weigh  four  grains. 

Now  it  is  evident,  since  brass  is  eight  times  heavier  than 
I water,  that  for  every  inch  the  wire  sinks  in  the  water,  it 
will  become  half  a grain  lighter  and  half  a grain  heavier 
for  every  inch  it  rises  out  of  the  water:  consequently,  by 
sinking  two  inches  below  the  middle  point,  or  rising  two 
inches  above  it,  the  wire  will  become  one  grain  lighter  or 
heavier.  Therefore,  if  when  the  middle  point  is  at  the  surface 
of  the  water  in  cquilibrio,  the  index  T be  set  to  the  middle 
point  ef  of  the  graduated  wire  ri , and  the  distance  on  each  side 
at  r and  a ' t contains  100  equal  parts;  then,  if  in  weighing 
bodies  the  weight  is  required  to  the  hundredth  part  of  a grain, 
it  may  be  easily  had  by  proceeding  in  the  following  manner. 
Let  the  body  to  be  weighed  be  placed  in  the  scale  d.  Put  a 
weight  into  the  scale  e ; and  let  this  be  so  determined,  that  one 
grain  more  shall  bo  too  much,  and  one  grain  less  too  little. 
Then  the  balance  being;  moved  gently  up  or  down,  by  the 
screw  P,  till  the  equilibrium  bo  nicely  shewn  at  o ; if  the  index 
T be  at  the  middle  point  at  of  the  wire  ri,  it  shews  that  the 
weights  put  into  the  scale  * arc  just  equal  to  the  weight  of  the 
body.  By  this  method  wc  find  the  absolute  weight  of  the  body ; 
the  relative  weight  is  found  by  weighing  it  hydrostatically  in 
water,  as  follows 'Instead  of  putting  the  body  in  the  scale  e, 
as  before,  let  it  hang  with  the  weight  F,  at  the  hook  r,  by  a 
horse-hair,  as  at  B,  supposing  the  vessel  N of  water  were  away. 
The  equilibrium  being  then  made,  the  index  T standing  between 
at  and  r,  at  the  36tb  division,  shews  the  weight  of  the  body  put 
in  to  be  1005,  36  grains.  As  it  thus  bangs,  let  it  be  immersed  in 
the  water  of  the  vessel  N,  and  it  w ill  become  much  lighter : the 
scale  e will  descend  till  the  beam  of  the  balance  rests  on  the 
support  x.  Then  suppose  UK)  grains  put  into  the  soale  d 
restore  the  equilibrium  precisely,  so  that  the  index  T stand  at 
the  30th  division  above  a’;  it  is  evident  that  the  weight  of  an 
equal  bulk  of  water  would,  in  this  case,  be  exactly  100  grains. 
I Alter  a like  manner,  this  balance  may  he  applied  to  find  the 
specific  gravity  of  liquids,  as  is  easy  to  conceive  from  what  has 
been  already  said.  The  weight  of  a cylinder,  of  the  fluid 
whose  base  is  E F and  altitude  A G,  will  disturb  the  equi- 
. librium  See  Gravity,  Specific. 
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Roman  Balance,  or  Steal-Yard,  {Plate,  fig.  3.)  A B repre- 
sents an  instrument  of  this  kind:  a the  trutina,  or  handle, 
on  which  the  beam  turns ; k a ring  on  which  the  balance 
way  be  suspended  on  a nail  or  book ; f the  hook  on  which 
the  substance  to  be  weighed,  is  hung  ; c a collar  or  guard,  by 
which  the  hook  is  fastened  to  the  beam ; A a swivel ; i the 
counterpoise.  If  now  the  body  to  be  weighed  be  fastened  to 
the  hook/,  and  the  whole  suspended  by  the  ring  A.  the  division 
on  which  the  counterpoise  is  placed  to  maintain  an  equilibrium 
in  the  balance,  will  shew  the  weight  of  the  body  required  ; the 
weight  of  the  counterpoise  t being  known,  and  the  large  divi- 
sions 1,  2,  3,  I lc.  equal  to  the  distance  between  the  centre  of  the 
balance  and  the  screw  which  fastens  the  guard  C to  the  shorter 
arm  of  the  balance.  When  the  body  to  be  weighed  is  heavier 
than  the  divisions  on  the  longer  arm  will  indicate,  the  balance 
is  turned  the  lower  side  upwards,  and  suspended  on  the  other 
ring  A,  by  which  means  the  divisions  become  shorter,  because 
the  distance  between  the  trutina  d,  and  the  screw  on  which  the 
guard  t moves,  is  less:  the  divisions  on  this  side  of  the  figure 
extending  to  17,  whereas  they  only  extend  to  six  on  the  other. 
The  steelyard  itself,  and  its  whole  apparatus,  should  be  in 
eqnilibrio  when  suspended  on  the  ring  A or  A. 

The  Danish  Balance,  is  a kind  of  steelyard  in  common  use 
in  many  parts  of  Europe,  and  is  of  very  simple  construction,  con- 
sisting or  a batten  of  hard  wood,  having  a heavy  lump  K,  as  in  the 
annexed  figure,  at  one  end,  and  a swivel  hook  A at  the  other. 


The  goods  to  be  weighed  are  suspended  on  the  hook,  and  the 
whole  is  carried  in  a loop  of  whipcord  F,  in  which  it  is  slid 
backward  and  forward  till  the  goods  are  balanced  by  the 
weight  of  the  other  end.  The  weight  of  the  goods  is  estimated 
by  the  loop  on  a scale  of  divisions,  effected  by  a method  purely 
geometrical : — Let  A C (figures  1 and  2.)  be  the  distance 
between  the  point 
A,  from  which  the 
body  whose  weight 
is  to  be  determin- 
ed is  suspended,  

and  C the  centre  ^ f 

of  gravity  of  the  r 

balance  when  the  / "S 

weight  W is  not 
attached  to  it. 

From  the  point  C draw  an  indefinite  line  C D,  making  an  angle 
A C D with  the  line  A C on  which  the  divisions  of  the  balance 
are  to  be  marked,  and  through  A draw  another  righl  line  A N 
parallel  to  Cl).  Setoff  any  equal  distances  C E,  BP,  FG, 
G H,  H I,  Ac.  along  the  line  C I)  : and  upon  A N,  set  off  the 
distance  A B equal  to  one  of  the  equal  distances,  as  C B,  upon 
C D.  From  B as  a fixed  point  draw  lines  BE,  BF,  BO,  BH, 
kc.  to  the  several  points  of  division  on  CD;  and  they  will 
intersect  the  line  A U,  in  the  points  1,  2,  3,  4, 5,  Acc.  where  the 
subdivision  marks  ought  to  stand  in  the  balance,  figure  1.  The 
numbers  1,2, 3,4,  Ate.  fig.  2,  denote  so  many  times  the  actual 
weight  of  the  balance  and  its  knobs,  independent  of  the  adven- 
titious weight  W.  Thus  If  the  unloaded  balance  weigh  ff  lbs, 
the  distances  marked  1,2,3, 4,  6,  Ate.  in  fig.  2,  would  corre- 
spond to  the  subdivision  marks  6, 12, 18,  24,  30,  Ate.  in  fig.  1. 
The  truth  of  this  construction  may  be  easily  shewn  thus : Let 
w be  the  weight  of  the  balance  and  knob,  and  W that  of  the 
body  which  ia  to  be  ascertained  by  the  instrument.  Then, 
when  the  point  of  suspension  is  that  marked  1,  fig.  2,  we  have 
fa  the  triangles  A Bl,  ICE,  the  sides  A B and  C B equal,  also 
>ngte  BA  I ~ ICE.  and  B 1 A E I C ; therefore  these 
triangles  are  both  equiangular  and  equilateral ; consequently, 
A 1 zz  1 C,  and,  by  the  natures  of  the  lover,  and  the  centre  of 
gravity,  W = w.  Again,  in  like  manner  when  the  point  of  sus- 
pension is  2,  the  triangles  A B2,  2CF,  are  equiangular;  and 
since  FC=  2AB,  we  have  C2  = 2 A 2,  and  W=  2w.  So 
nlso  the  triangles  A B 3,  3 C G,  are  equiangular ; whence  bc- 


caose  CO=  SAB.  C 3 = 3 A 3,  and  W — 3 w,  and  so  on, 
through  the  whole  division. 

This  balance  (says  Dr.  Gregory,)  bas  been  described  more 
on  account  of  its  curiosity  than  actual  utility  ; for  in  ascertain- 
ing large  weights  it  would  be  extremely  cumbersome  and  diffi- 
cult to  manage.  lu  the  determination  of  weights  not  exceed- 
ing twenty  or  thirty  pounds,  it  might,  however,  be  rendered 
very  manageable;  for  it  might  be  about  the  length  of  an  ex- 
ciseman’s rod,  or  a walking  stick,  having  a knob  of  lead  at  one 
end  ; and  in  this  case  the  divisions  near  the  knob  might  be  so 
numerous  as  to  enable  a person  to  weigh  accurately  to  quartern 
of  pounds,  if  not  to  ounces:  the  rod  might  be  moved  to  and  fro 
upon  a chair-back,  or  the  edge  of  a missel ; and  thus  this 
instrument  might  often  be  more  conveniently  used  than  aspring 
steelyard. 

F idler’s  Balancb,  as  here  represented , was  made  fot  the 
Royal  Institution,  and  docs  not  differ  much  from  those  con- 
structed by  Rams- 
drn  and  Troughton. 
The  middle  column  A 
can  be  raised  at  plea- 
sure by  the  nut  B,  and 
supports  the  round 
ends  of  the  axis  in  the 
forks  at  its  npper  ex- 
tremity, in  order  to 
remove  the  pressure 
on  the  sharp  edges  of 
the  axis  within  the 
forks.  C and  D are 
pillars  which  occasion- 
ally support  the  scales, 
and  may  be  elevated 
or  depressed,  by  turning  the  nut  B.  The  screw  F raises  or 
depresses  a weight  within  the  conical  beam,  for  the  purpose  of 
regulating  the  position  of  the  centre  of  gravity ; and  the 
graduated  arc  G measures  the  extent  of  the  vibrations. 

An  Improvement  on  this  Balance , is  represented  below, 
where  D C is  a micrometer  screw,  fixed  to  the  arm  F A,  so 


that  when  it  Is  turned  round  by  the  nut  T),  it  neither  approaches 
to  nor  recedes  from  the  centre  of  motion  F.  The  screw  P C 
works  in  a female  screw,  in  the  small  weight  it.  and  by  revolv- 
ing in  one  direction  carries  this  weight  from  S to  R,  and  thus 
gives  the  preponderance  to  the  scale  G.  The  recession  of  the 
weight  n from  tbe  centre  F is  measured,  as  in  the  common 
micrometer ; and  a weight  x placed  in  the  scale  suspended  at 
A,  will  be  in  eqnilibno  with  *,  placed  at  any  distunce  S n, 


when  x n 


Ss  X n 
FA 


Pronep’t  Balance  Support,  {Plate,  fig.  4.)  for  balances  of  all 
dimensions,  is  calculated  to  render  the  operations  for  which 
these  instruments  are  used  more  expeditious  and  convenient, 
without  diminishing  their  accuracy. 

“Several  experiments,"  says  he,  “in  which  I was  engaged 
daring  the  course  of  the  last  winter,  put  me  onder  the  neces- 
sity  of  contriving  a support  which  might  be  applied  promis- 
cuously to  every  kind  of  balance,  whether  provided  with  a 
suspending  handle  or  not,  and  which,  without  detriment  to  its 
accuracy,  should  afford  me  commodious  means  of  successively 
raising  and  lowering  it.  It  is  well  known  how  embarrassing 
and  laborious  the  operation  of  weighing  is,  when  performed 
with  balances  supported  by  the  hand ; though  this  is  often 
only  the  smallest  inconvenience  with  which  their  use  is  attended. 

“ Various  artists  have  contrived  supports,  commodious  {a 
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their  use,  and  ingenious  in  their  principle ; hut  as  each  of 
these  supports  can  onlj  he  adapted  to  a single  balance,  they 
become  so  expensive  as  to  be  out  of  the  reach  of  the  majority 
of  artists  and  experimentalists.  I think,  therefore,  I shall  do 
them  an  acceptable  service  by  publishing,  in  compliance  with 
the  request  of  several  eminent  chemists,  the  description  of  a 
support,  which,  besides  the  advantage  of  being  adapted  for  all 
kinds  of  balances,  possesses  that  of  being  constructed  at  a 
small  expense,  either  in  wood  or  metal. 

“ A triangular  foot  of  brass  A a,  a,  a,  (figs.  4.  5,  repre- 
senting the  elevation  and  section  of  my  apparatus,)  has  its 
three  extremities  «,  «,  a,  firmly  screwed  down  upon  a table  or 
horizontal  plane.  Into  the  part  A of  this  foot  is  screwed  a 
cylindrical  rod,  A B,  which  may  be  of  any  arbitrary  length : it 
may  even  be  eonvenient  to  have  two  of  these  of  different  lengths, 
in  order  that  they  may  be  changed,  when  wc  wish  to  employ 
the  machine  for  very  large  balances.  Those  which  I have 
made  use  of  are,  the  one  half  a metre,  and  the  other  one  metre 
(JO-4  inches)  in  length. 

“A  vertical  pulley,  P,  Is  placed  at  the  top  of  the  stem  A B, 
In  such  a manner  that  the  same  vertical  plane  passe*  through 
the  axis  of  the  rod,  and  through  the  horizontal  axis  of  the 
pulley ; the  block  or  collar  CD  of  this  pulley  has  at  its  lower 
part  a tube  C B.  into  which  enters,  with  a gentle  friction,  the 
superior  extremity  of  the  rod  A B ; a screw,  E,  serves  to  keep 
the  pulley  in  a fixed  position. 

“Another  pulley,  P,  fig.  5.  is  fixed  at  the  bottom  of  the  rod 
A B,  in  such  a position  that  the  tangent  or  cord  of  the  pulleys 
P and  P is  parallel  to  the  axis  of  the  rod  A B. 

u A cord  K / p H G P F,  to  the  end  or  which  is  suspended  on 
the  outside  of  the  vertical  table  K a small  weight  k,  passes 
through  a hole  t made  in  the  foot  a,  rolls  over  the  pulleys  p 
and  P,  and  is  attached  at  F to  a piece  turn'  nq,  which  has  the 
form  of  a fork,  and  to  which  arc  suspended  (as  I shall  shortly 
explain)  the  balance,  the  weights,  and  the  substances  that  arc 
to  be  weighed.  F m is  a button,  which  being  screwed  at  the 
top  of  the  fork,  receives  the  end  of  the  cord,  and  by  ineaus  of 
a knot  made  on  it  sustains  the  fork. 

“The  tail  or  handle  of  this  fork  is  of  a prismatic  form  at 
the  part  m'  n;  this  prismatic  part  enters  a groove ff  made  at 
the  extremity  N of  the  horizontal  piece  N O,  so  that  it  can 
slide  freely  in  this  groove  either  upwards  or  downwards,  its 
course  being,  however,  limited  at  m\  where  it  is  stopped  by  the 
enlarged  handle  of  the  fork,  and  at  n by  the  greater  width  pro- 
duced by  the  separation  of  the  two  branches  of  the  fork. 

“The  piece  N O,  which  is  hollow,  and  intersected  at  0 by 
the  stem  A B.cao  slide  along  and  turn  round  this  stem  : when 
it  is  brought  to  its  proper  height,  it  is  secured  by  means  of  the 
screw  Y,  and  it  is  then  necessary,  first,  that  it  should  be  at 
such  a height,  that,  when  the  stop  m rests  on  the  side  of  the 
groove  ff,  or  when  N O can  move  no  further  down,  the  scale 
of  the  balance  shall  be  in  contact  with  the  table  or  horizontal 
plane,  in  order  that  wc  may  afterwards  be  able  to  raise  it  the 
whole  height  o(/n;  secondly,  that  the  cord  F F be  in  ono  and 
the  same  vertical  plane  with  H G. 

“ The  gToovc  at  N ought  to  be  situated  in  such  a manner  that 
the  axis  of  the  prismatic  part  of  the  tail  of  the  fork,  and  the 
cord  F F,  shall  always  be  in  the  same  vertical  plane,  or  in  a 
parallel  line  with  the  axis  of  the  stem  A B. 

“ These  dispositions  being  made,  let  us  imagine  the  two 
branches  or  the  fork  to  be  perforated  with  holes  of  different 
diameters,  in  order  to  receive  horisoutal  pins  (gg)  of  different 
sizes ; And  we  shall  have  all  that  is  requisite  for  the  ordinary 
operations  of  weighing,  performed  iu  the  air  with  balances, 
tne  beams  of  which  are  suspended  from  above. 

“ In  fact,  whatever  kind  of  balance  we  use,  wc  are  to  intro- 
duce the  extremity  of  its  suspending  handle  into  the  fork  nqt 
and  insert  into  the  round  hole,  whjch  the  handle  of  the  balance 
always  has  at  its  superior  extremity,  any  one  of  the  pins  that 
will  enter  with  case;  wc  then  apply  the  piece  ON  in  such  a 
manner  as  to  fulfil  the  conditions  above  laid  down  for  the 
position  of  this  piece;  after  which,  it  is  to  be  fixed  by  the 
screw  V.  This  being  done,  the  scales  of  the  balance  are  to 
be  charged,  which  being  in  contact  with  the  tabic,  or  horizontal 

fdane,  can  have  no  motion.  When  the  scales  arc  charged,  we 
ay  hold  of  the  small  ball  kt  and  draw  the  cord  which  suspends 


it  so  as  to  raise  the  balance  very  slowly:  if  the  scales  be  not 
in  equilibrio,  the  cord  is  to  be  loosened  till  they  rest  again 
upon  the  table,  and  so  successively. 

“A  counterpoise,  Q,  suspended  to  the  cord  F G,  ought  to 
preserve  the  equilibrium  with  the  weight  of  the  balance.  By 
means  of  this  precaution  it  comes  to  pass,  that  the  common 
centre  of  gravity  of  all  the  forces  supported  by  the  policy  P, 
falls  in  all  cases  upon  the  axis  of  the  stem  A B,  which  thus  has 
no  tendency  to  bend. 

“ If  we  wish  now  to  use  a hydrostatic  balance,  we  adapt  to 
the  stem  AB  a small  board  O'  N'  which,  by  means  of  a 
cylindrical  hole  at  O',  may  slide  along  the 
rod  A B,  and  be  fixed  at  any  arbitrary 
height  bv  a screw  at  V'.  Another  piece, 
or  board  K'  K',  is  placed  upon  V'  N',  in 
such  a manner  that  the  holes  TT  corre- 
spond with  the  centre  of  the  scales,  un- 
der which  are  placed  the  hooks  intended 
for  holding  the  substances  suspended  in 
the  water,  and  K'K'  is  fixed  upon  V'N  by 
means  of  screws  V'. 

“These  arrangements  being  made,  let 
- the  piece  N'  O'  and  the  hoard  K'  K'f  be 
placed  in  such  a manner  that,  first, the  whole 
ncight  of  the  balance  be  placed  between 
this  piece  and  the  board,  and  that  scales 
L L be  in  contact  with  the  board  K'K',  their 
centres  corresponding  with  holes  made  in 
TT.  Secondly,  that  K'K'  be  sufficiently 
elevated  to  enable  us  to  place  under  it  the 
vessels  W W,  filled  with  water,  and  con- 
veniently to  immerse,  in  one  of  these  ves- 
sels, the  substances  which  we  wish  to 
weigh  hydrostatically, 
a “According  to  the  common  practice, 

these  substances  are  suspended  by  a very 
thin  wire ; hat  by  placing,  after  my  method,  two  vessels,  and 
suspending  to  the  two  scales  wires  of  equal  diameter,  the  one 
of  which  supports  the  substance  that  is  to  be  weighed,  and  the 
other  merely  in  part  immersed,  the  magnitude  of  the  diameter 
will  have  no  influence  upon  the  accuracy  of  the  operation  ; for, 
let  us  suppose  the  apparatus  to  be  adjusted  in  such  a manner 
that  at  first  the  two  wires  were  in  equilibrio  with  each  other, 
(which  may  easily  he  obtained  by  varying  the  height  of  (he 
water  in  the  vessels,)  these  two  wires  will  mill  be  in  equilibrio, 
when  the  beam  F P being  elevated,  will  remain  in  its  horizon- 
tal position : whence  it  follows,  that  If  one  of  the  wires  havo 
suspended  from  it  a substance  immersed  in  the  water,  and  we 
place  in  the  opposite  scale,  and  consequently  out  of  the  water, 
a weight  adequate  to  keep  tho  equilibrium  with  the  immersed 
substance,  for  a horizontal  position  of  the  beam,  the  equili- 
brium will  still  be  maintained,  whatever  may  bo  the  elevation 
or  depression  of  the  beam,  provided  it  continue  in  a horizontal 
position ; for  the  leogths  of  the  wires,  either  above  or  below 
the  surface  of  the  water,  being  equal,  the  difference  between 
the  specific  weight  of  the  water  and  that  of  the  metal  will 
operate  equally  upon  both  extremities  of  the  beam.  It  is 
evident  that  this  advantage  will  not  be  obtained  if  wc  employ 
ouly  the  wire  to  which  the  substance  is  suspended,  and  that 
the  equilibrium,  established  for  a certain  elevation  and  a hori- 
zontal position  of  the  beam,  will  not  apply  to  other  elevations 
of  the  beam  by  preserving  it  in  the  horizontal  position. 

“ It  is  to  be  remarked,  that  my  method  compensates  not  only 
for  the  excess  of  the  specific  weight  of  the  wires  over  (hat  of 
the  water,  but  also  for  that  which  depends  upon  the  adhesion 
of  the  fluid  to  the  wires,  and  the  covering  of  water  which  they 
carry  along  with  them. 

“All  that  has  been  said  hitherto  applies  only  to  balances 
that  are  provided  with  suspended  handles  ; but,,  in  order  to 
render  this  support  absolutely  universal  in  its  use.  is  was  neces- 
sary that  it  should  be  possible  to  adapt  it  to  a beam  which  had 
nothing  but  its  centres ; for  which  purpose  I contrived  an 
apparatus,  which  is  suspended,  like  those  of  a common  balance, 
to  the  fork  nq,  and  which  may  receive  the  centres  of  any  beam. 
The  engravings  in  the  plate  represent  it  provided  with  this 
apparatus,  the  construction  of  which  is  as  follows. 
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**  A piece  si  fig.  6,  has  a screwed  hole  bored  into  it  at  i.  into  | 
which  the  screw  dd  is  inserted  half  its  length.  Another  hole,  j 
made  at  t,  in  a perpendicular  direction  to  the  lirst,  receives  ' 
the  pin  a y,  to  which  all  the  inferior  apparatus  is  suspended. 
This  hole  « supplies  the  place  of  that  which  is  found  at  the 
upper  extremity  of  the  suspending  handle  of  balances. 

“The  two  other  vertical  pieces  r,  r,  (fig-  6 and  7,)  have  at  their 
upper  part  cylindrical  holes  not  screwed,  in  which  the  screw 
dd  can  turn  freely.  These  superior  parts  are  placed  at  an 
arbitrary  distance,  and  retained  in  their  situation  by  means  of 
four  nut-screws  k,  «,  u,  w,  each  of  the  pieces  being  fastened 
between  two  of  these  nut-screws.  A cylindrical  rod  A A tra- 
verses the  inferior  parts  of  these  pieces  r,  r,  and  is  fixed  there 
by  means  of  nut-screws,  in  such  a planner  that  the  superior 
and  inferior  points  of  the  piece  rr  are  invariably  at  the  same 
distance. 

“Kadi  of  these  pieces  r, r has,  upon  the  surface  which  is 
perpendicular  to  the  direction  of  dd  and  A A,  a groove  e e,  and 
a circular  aperture  X,  having  at  its  lower  part  a small  bracket 
of  polished  steel  as,  intended  to  support  one  of  the  centres 
of  the  beam.  Into  the  apper  part  ol  the  grooves  e e a rule  <V 
is  introduced,  which  must  enter  with  lightness,  and  which,  with 
the  pieces  dd  and  A A , give  such  a solidity  to  the  apparatus, 
that  the  adjustment  of  its  parts  cannot  b«  in  the  smallest 
degree  deranged.  The  remainder  of  the  groove  which  is  not 
occupied  by  ie",  ought  to  be  of  a length  somewhat  greater 
than  that  of  the  largest  cock  or  index  adapted  to  the  beams 
which  we  shall  have  to  use. 

“The  method  of  using  the  apparatus  which  I have  iust 
described  Is  very  simple.  The  beam  which  we  intend  to 
employ  is  placed  between  the  two  branches  r,  r,  which  are 
removed  from  each  other  till  the  centres  can  be  brought  oppo- 
site to  the  circular  holes  X ; the  pieces  r,  r are  then  brought 
together  in  such  a manner  that  the  centres  enter  these  holes  X, 
and  so  as  still  to  leave  some  room  for  motion  between  these 
pieces  and  the  body  of  the  beam,  in  order  that  the  oscillations 
of  the  balance  may  be  perfectly  free.  The  pieces  r,  r,  are 
brought  parallel  with  each  other,  and  the  adjustment  of  the 
apparatus  is  rendered  perfectly  firm,  by  means  of  nut-screws, 
by  the  small  cylindrical  rod  A A,  and  by  the  rule  eV.  The 
apparatus  being  adjusted  in  this  manner,  it  is  suspended  to 
the  fork  nq,  by  inserting  the  pin  g g into  the  hole  s , and  the 
balance  is  used  in  the  manner  that  has  already  been  explained. 
We  know  the  equilibrium  to  be  established,  and  the  beam  to 
be  horizontal,  when  the  index  yv  divides  the  breadth  of  the 
space  te  into  two  equal  parts;  but,  in  order  to  ascertain  the 
circumstances  with  greater  accuracy,  I have  attached  to  the 
rule  cVa  plummet  o'?, by  means  of  which  we  may  distinguish 
tho  slightest  deviations  of  the  index  from  the  perpendicular 
direction." 

Balance  of  a Cloth,  or  Watch,  is  that  part  which  by  its 
motion  regulates  and  determines  the  beats.  The  circular 

art  of  it  is  called  the  rim,  and  its  spindle  the  rerye ; there 

elong  to  it  also  two  pallets  or  nuts,  that  play  in  the  fangs  of 
the  crown-wheel;  in  pocket  watches,  that  strong  stud  in  which 
the  low  er  pivot  of  the  verge  plays,  and  in  the  middle  of  which 
one  pivot  of  the  crown-wheel  runs,  is  called  the  potence : the 
wrought  piece  which  covers  the  balance,  and  in  which  the  upper 
pivot  of  the  balance  plays,  is  the  cock;  and  the  small  spring  in 
the  new  pocket  watches  is  called  the  regulator. 

The  motion  of  a balance,  as  well  as  that  of  a pendulum,  being 
reciprocating,  while  the  pressure  of  the  wheels  is  constantly  in 
one  direction,  it  is  obvious  that  some  art  must  be  used  to 
accommodate  the  one  to  the  other.  When  a tooth  of  the  wheel 
has  given  the  balance  a motion  in  one  direction,  it  must  quit  it, 
that  it  may  get  an  impulsion  in  the  opposite  direction.  The 
balance  or  pendulum  thus  escaping  from  the  tooth  of  the  wheel, 
or  the  tooth  escaping  from  the  balance,  has  given  to  the  gene- 
ral construction  the  name  of  scapemcnt  among  our  artists. 
See  SCAPKMKNT* 

Dr.  Gregory  observes,  that  some  of  the  most  important  pro- 
positions relative  to  watch  balances  may  be  concisely  slated  as 
follows  : 1.  The  balance  of  a watch  is  analogous  to  the  pendu- 
lum in  its  properties  and  use.  The  simple  balance  is  a circu- 
lar annulus,  equally  heavy  in  pH  its  parts,  and  conccntrical 
with  the  pivots  of  the  axis  on  which  it  is  mounted.  This. 


balance  is  moved  by  a spiral  spring  called  the  balance  spring, 
the  invention  of  Mr.  Hook. 

2.  The  pendulum  requires  a less  maintaining  power  than  the 
balance.  Ilcnce  the  natural  isochronism  of  the  pendulum  is 
less  disturbed  by  the  relatively  small  inequalities  of  the  main- 
taining power. 

3.  The  clastic  force  of  the  spring  which  impels  the  circum- 
ference of  tbc  balance  is  directly  as  the  tension  of  the  spring; 
that  is,  the  weights  necessary  to  counterpoise  a spiral  spring's 
elastic  force,  when  the  balance  is  wound  to  different  distances 
from  the  quiescent  point,  are  in  the  dirrcl  ratio  of  the  arcs 
through  which  it  is  wound. 

4.  The  vibrations  of  a balance,  whether  through  great  or  small 
arcs,  arc  performed  in  the  same  time.  For  toe  accelerating 
force  is  directly  as  the  distance  from  the  point  of  quiescence : 
hence,  therefore,  the  motion  of  the  balance  is  analogous  to  that 
of  a pendulum  vibrating  in  cycloidal  arches. 

5.  The  time  of  the  vibration  of  a balance  is  the  same  ns  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  tho 
mass  contained  in  the  balance  opposes  the  communication  of 
motion  to  the  circumference,  described  a cycloid  whose  length 
is  equal  to  the  arc  of  vibration,  described  by  the  circumference, 
the  accelerating  force  being  equal  to  that  of  the  balance. 

6.  The  times  of  vibration  of  diflerent  balances  are  In  a ratio 
compounded  of  the  direct  subduplicale  ratios  of  their  weights 
and  semidiameters,  and  the  inverse  subduplicatc  ratio  of  the 
tensions  of  the  springs,  or  of  the  weights  which  counterpoise 
them,  when  wound  through  a given  angle. 

7.  The  times  of  vibration  of  different  balances  are  in  a ratio 
compounded  of  the  direct  simple  ratio  of  the  radii  and  direct 
subduplicatc  ratio  of  their  weights,  and  the  inverse  subduplicate 
ratio  of  the  absolute  forces  of  the  springs  at  a given  tension. 

8.  Hence  the  absolute  force  of  the  balance  spring,  the  diame- 
ter and  weight  of  the  balance  being  the  tame,  is  inversely  as 
the  square  of  the  time  of  one  vibration. 

9.  The  absoluto  force  or  strength  of  the  balance  spring,  the 
time  of  one  vibration,  and  the  weight  of  the  balance,  being  tho 
same,  is  inversely  as  tbe  square  of  the  diameter. 

10.  Tbe  weight  of  tbe  balance,  the  strength  of  the  spring,  and 
time  of  vibration,  being  the  same,  is  inversely  as  the  square  of 
the  diameter.— Hence,  a large  balance,  vibrating  in  the  same 
time  with  the  same  spring,  will  be  much  lighter  than  a small  one. 

11.  If  the  rim  of  the  balance  be  always  of  the  same  breadth 
and  thickness,  so  that  the  weight  shall  be  as  tbc  radios,  the 
strength  of  the  spring  must  be  as  tbc  cube  of  the  diameter  of 
the  balance,  that  the  time  of  vibration  may  continue  the  same. 

12.  The  momentum  of  the  balance  is  increased  better  by 
increasing  its  diameter  than  its  weight. 

13.  The  longer  a detached  balance  continues  its  motion,  the 
better. 

14.  The  greater  tbe  number  of  vibrations  performed  by  a 
balance  in  a given  time,  the  less  susceptible  is  it  of  external 
agitations. 

13.  Slow  vibrations  are,  to  a certain  extent,  preferable  to 
quick  vibrations:  but  there  is  manifestly  a limit;  for  if  the 
vibrations  be  too  slow,  tbe  watch  will  be  liable  to  slop. 

10.  A balance  should  describe  as  large  arches  as  possible, 
aj  suppose  240°,  260°,  300°,  or  an  entire  circle. — First,  because 
the  momentum  of  the  balance  is  thus  increased ; and  therefore 
the  inequalities  in  the  force  of  maintaining  power  bear  a less 
proportion  to  it,  and  of  consequence  will  have  less  influence. 
2dly.  The  balance  is  less  susceptible  of  external  agitations. 
3dly.  A given  variation  in  the  extent  of  the  vibrations  produces 
a less  v ariation  in  the  going  of  the  machine.  Hut  care  most  be 
taken  that  in  thesegreat  vibrations,  the  spring  shall  neither  touch 
any  obstacle,  nor  iLs  spires  touch  each  other  in  contracting. 

• 17.  The  time  of  the  vibration  of  tho  balance  is  increased  by 
heat,  and  diminished  by  cold. — First,  because  the  length  of  the 
spiral  spring  is  increased  by  heat,  and  therefore  its  force  dimi- 
nished ; and  the  contrary  by  cold.  2dly.  The  diameter  of  tbe 
balance  is  increased  by  heat,  and  therefore  also  the  time  of 
vibration ; and  the  contrary  by  cold. 

18.  That  balance  is  the  most  perfect,  which,  without  the  com- 
pensation of  a thermometer,  is  most  subject  to  the  influence  of 
heat  and  cold.  Becaase  the  obstructions  from  oil  and  friction 
act  as  a compensation  to  the  expansion  or  contraction  of  the 
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spring  and  balance;  therefore  that  balance  which  is  most 
affected  is  most  free  from  the  influence  of  oil  and  friction. 

19.  The  errors  in  the  going  of  a watch,  arising  from  the  change 
of  temperature,  may  be  corrected  bj  varying  the  length  of  the 
balance  spring.  Nevertheless,  as  it  is  extremely  difficult  to 
form  an  isochronal  spiral,  any  variation  in  its  length  is  dan- 
gerous.  because  wc  shall  thus  probably  lose  that  point  which 
determines  its  isochronism. 

20.  The  errors  in  the  going  of  a watch,  occasioned  by  the 
variation  of  temperature,  may  be  corrected  by  varying  the 
diameter  of  the  balance. 

This  may  be  effected  by  a peculiar  contrivance,  which  has 
obtained  the  name  of  the  expansion  balance,  being  composed  of 
two  different  metals  which  possess  different  degrees  of  expan- 
sibility, as  brass  and  steel,  for  instance ; of  which  two  metals 
it  has  been  observed,  that  the  increase  of  dimensions  by  expan- 
sion, in  like  elevations  of  temperature,  is  nearly  as  2 to  1.  For, 
according  to  Smeaton’s  experiments,  the  corresponding  expan- 
sions of  bard  steel  and  brass  wire  arc  as  147  and  232,  the 
expansions  being  occasioned  by  a change  from  a medium  tem- 
perature to  that  of  180°  of  Fahrenheit's  thermometer.  One  of 
tb«  most  approved  constructions  of  an  expansion  balance,  is 
exhibited  in  the  figure  annexed,  and  is  thus  generally  de- 
scribed : The  outer  part  of  the 
steel.  After  this  compound 
rim  is  brought  to  its  figure  by 
turning,  it  is  cut  through  in 
three  places  A,  B,  C,  which  sets 
one  end  of  each  third  part  of 
the  periphery  at  liberty  to 
move  outwards  when  the  tem- 
perature is  diminished,  or  in- 
wards when  it  is  increased. 

D,  E,  F,  are  three  similar  and 
equal  masses  of  metal,  fitted 
upon  the  circular  bars  in  a pro- 
per manner  to  admit  of  their 
being  fixed  at  any  required  dis- 
tance from  the  extremity,  where 
the  motion  is  most  considerable.  0,  H,  I,  arc  three  screws,  the 
heads  of  which  may  be  set  nearer  to,  or  further  from,  the  oentre, 
and  aerve  as  weights  to  effect  the  adjustments  for  position  and 
rate.  The  peculiar  advantage  of  this  balance  may  be  explained 
as  follows:  when  an  increase  of  heat  diminishes  the  elastic 
force  of  the  pendulum  spring  K,  the  outer  brass  rim  being 
lengthened  more  than  the  steel,  must  throw  the  weights  D,K,  F, 
nearer  to  the  axis,  and  diminish  the  effect  of  the  inertia  of  the 
balance,  which  consequently  is  as  speedily  carried  through  its 
vibration  as  before.  And,  on  the  contrary,  when  cold  weather 
adds  to  the  elastic  foroe  of  the  spring,  the  same  weights  arc 
also  thrown  further  out,  and  prevent  the  acceleration  which 
would  have  followed.  The  exact  adjustment  of  the  weights  is 
found  by  trial  of  the  going  of  the  machine : if  it  gain  by  beat, 
the  weights  do  more  than  compensate,  and  must  be  moved 
further  from  the  extreme  ends  of  the  circular  compound  bars; 
but  if  the  gain  be  produced  by  cold,  the  spring  predominates, 
and  the  weights  will  accordingly  require  to  be  set  further  out. 

BALCONY,  in  Architecture,  a projection  in  the  front  of  a 
house  or  other  building,  supported  by  pillars  or  consoles,  and 
encompassed  with  a bulustradc  or  rail. 

BALING  of  Ships.  An  apparatus  for  this  purpose  has 
lately  been  invented  by  J.  Dennett  of  Newport,  Isle  of  White, 
with  a view  of  assisting  sailors  in  baling  vessels  when  the 
pumps  from  accident  get  oat  of  order.  We  confess  we  have 
too  high  an  opinion  of  Buchanan's  pump,  the  chain  pnmp.  and 
several  other  hydraulic  engines,  to  fancy  the  apparatus  before 
us  will  ever  become  very  general ; but  such  as  the  invention  is, 
we  give  it  the  reader,  with  the  following  decriplion : 

A and  B are  parts  of  the  hatchways  of  the  upper  and 
lower  decks.  C C is  a long  rebated  slide,  in  an  inclined 
position,  reaching  from  a little  above  the  coamings  of  the  upper 
deck  to  the  ballast  in  the  hold,  and  attached  to  the  lower 
hatchway  by  a hloek,  D.  E is  a square  bucket,  made  to  slide 
on  the  rebate  of  C C ; its  bottom  is  a flap  valve,  so  that 
when  it  slides  down  into  the  water  it  opens,  the  bucket  fills 
instantly,  and  closes  upon  being  drawn  up  full  of  water, 
11. 


without  any  attention  on  the 
part  of  the  workmen.  The 
upper  portion  F of  the  re- 
bate of  the  long  slide  is  made 
detached,  and  is  fixed  in  its 
place  by  the  pin  G,  on  which 
it  turns  os  on  an  axis.  The 
bucket  is  shewn  discharging 
the  water  on  the  upper  deck, 
and  when  the  rope  II I K is 
let  go,  the  bucket  falls  down, 
rights  itself,  and  the  upper 
portion  F,  of  the  slide,  fall- 
ing down  with  it,  and  join- 
ing the  lower  part,  the  buck- 
et runs  down  the  whole  of 
the  slide  into  the  water,  is 
instantly  filled,  and  drawn 
up  again  by  pulling  the 
parts  IK  of  the  rope,  tbc  part 
K having  passed  through  a 
block,  M,  on  the  deck.  A 
pin  is  fixed  in  the  top  of 
the  rebate,  so  that  w hen  the 
bucket  rises  up,  aud  is  only 
in  the  loose  portion  F,  it  is 
stopped  by  the  pin,  and  the 
loose  portion  F.  by  farther 
pulling,  rises  out  of  its 
place, and  upsets  the  bucket. 
To  prevent  the  bucket  from  being  pulled  higher  up  than  is 
requisite  to  discharge  the  water,  a knot  is  worked  in  the  rope 
which  stops  the  block  at  L.  The  block  L is  made  fast  to  any 
yardarm,  and  the  upper  end  of  the  rope  K is  secured  to  the 
same,  or  elsewhere,  just  length  cnongh  to  let  the  bucket  reach 
tbc  foot  of  the  slide. 

BALL,  in  the  Military  art,  comprehends  all  sorts  of  bullets 
for  tire-arms,  as  cannon  balls,  which  are  made  of  cast-iron ; 
musket  bullets,  which  are  cast  from  lead.  See  Gunnery. 

Ball  and  Socket,  an  instrument  made  of  brass,  with  a per- 
petual screw,  or  so  as  to  move  horizontally,  vertically,  or 
obliquely,  and  is  generally  used  for  the  managing  of  surveying 
of  astronomical  instruments. 

Bill,  in  a popular  sense,  is  any  spherical  body,  whether 
natural  or  artificial. 

Fire  Bu  u,  in  Meteorology,  arc  luminous  bodies  generally 
appearing  at  a great  height  above  the  earth,  and  sometimes 
amazingly  vivid  and  brilliant.  See  Meteor. 

BALLAST,  a certain  portion  of  stone,  iron,  gravel,  or  such 
Idee  materials,  deposited  in  a ship's  hold,  when  she  has  either 
no  cargo,  or  too  little  to  bring  her  sufficiently  low  in  the  water, 
and  is  used  to  counterbalance  tbc  effect  of  the  wind  upon  the 
masts,  and  give  the  ship  a proper  stability,  that  she  may  be 
enabled  to  carry  sail  without  danger  of  overturning.  The  art 
of  ballasting  consists  in  placing  the  centre  of  gravity  so  as 
neither  to  be  too  high,  nor  too  low,  too  far  forward,  nor  too 
far  aft,  and  that  the  surface  of  the  water  may  nearly  rise  to 
the  extreme  breadth  a-midships,  and  thus  the  ship  will  bo 
enabled  to  carry  a good  sail,  incline  but  little,  and  ply  well  to 
windward.  Shingle  Ballatt,  is  ballast  of  coarse  gravel. 

B A LLISTA,  a machine  used  by  the  ancients  for  shootingdarts; 
which  resembles  our  crossbow.  The  annexed  figure  repre- 
sents one  of  these  engines  used  in  sieges : 2,2  the  base  of  the 
ballista ; 3,4,  upright  beams;  5,6,  transverse  beams;  7,7,  the 
two  capitals  which  cannot  be  seen  in  this  transverse  figure; 
9.9.  two  posts  or  supports  for  strengthening  the  transverso 
beams ; 10,10,  two  skains  of  cords  fastened  to  the  capitals ; 
11,11.  two  arms  inserted  between  the  two  stands,  or  parts  of 
the  skains  ; 12,  a cord  fastened  to  the  two  arms  ; 13,  darts 
which  arc  shot  by  the  ballista;  14,14,  curves  in  the  upright 
beams,  and  in  tbo  concavity  of  the  cushions,  are  fastened  in 
order  to  break  the  force  of  the  arms,  which  strike  against  them 
with  great  force  when  the  dart  15  is  discharged ; 1C,  tbe  arbor  of 
the  machine,  in  which  a groove  or  oaoal  perfectly  straight  is 
formed,  and  in  which  the  darts  are  placed  in  order  to  be  shot 
by  tbe  ballista ; 17  the  out  of  the  trigger ; 19,  a book  by  which 
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the  chord  is  drawn  toward*  the  centre,  and  the  ballista  cocked  ; 
20,  a stage  or  table,  on  which  the  ballista  is  in  part  sustained. 


Vcgetius  informs  us.  that  the  ballista  discharged  darts  with 
such  rapidity  and  power,  that  nothing  could  resist  their  force; 
and  Athemrus  adds,  that  Agistratus  made  one,  of  little  more 
than  a cubit  and  n half,  which  shot  darts  500  yards. 

Balista.  was  formerly  also  the  name  given  to  the  cross* staff. 

BALLISTIC  Pr.MniLt’ii.  an  ingenious  machine,  invented 
by  Robins,  for  ascertaining  the  velocity  of  military  projectiles, 
and  consequently  the  force  of  fired  gunpow- 
der. It  consists  of  a large  block  of  wood 
MN,  suspended  vertically  by  a strong  hori- 
zontal iron  axis  nl  8,  to  which  it  is  connected 
by  n firm  iron  stem..  Now,  to  determine  the 
velocity  with  which  a ball  is  projected,  the 
pendulum  is  so  situated  that  the  ball  im- 
pinge* directly  against  it,  and  causes  it  to 
vibrate  through  a certain  arc,  which  being 
accurately  observed,  the  velocity  of  projec-  sj 
tion  is  thence  computed.  Dr.  Hutton  made 
many  experiments  of  this  kind,  by  discharg- 
ing cannon-balls  at  various  distances  front 
the  pendulum  ; from  which  is  deduced  a complete  series  of  the 
resistances  of  the  air  to  balls  passing  through  it,  with  all 
degrees  of  velocities  from  0 to  2000  feet  per  second. 

BALLOON.  Air.  See  Aerostation. 

!.r  Ital/im  Aerostatiqur,  the  Air  Ilalloon,  was  placed  among 
the  constellations  by  Si.  dr  Lnlande,  a few  years  back.  It  is 
immediately  south  of  the  Zodiacal  Goat,  west  of  the  Southern 
Fish,  north  of  Microscopinm,  and  east  of  Sagittarius. 

B \LLOTADE,  in  the  Manage,  the  leap  of  a horse  between 
two  pillars,  or  upon  a straight  line,  made  with  justness  of  time, 
with  the  aid  of  the  hand  and  the  calves  of  the  leg,  so  that 
when  his  forefeet  are  in  the  air,  he  shews  nothing  but  the 
shors  ofhis  hind  feet  without  jerking  out, 

BALLUSTKADE,  a series  or  row  of  bnlhisters,  joined  by  a 
rail,  serving  as  well  for  a rest  to  the  elbows,  as  for  a fence  or 
enclosure  to  balconies,  staircases,  altars.  Ac. 

BALM,  a well-known  plant,  that  thrives  well  in  light  rich 
soil,  and  increases  freely  by  dividing  the  root.  It  grows  well 
under  the  shade  of  trees,  and  is  a handsome  ornament  to  every 
flower-garden  or  cottage.  In  a fresh  state,  balm  smells  some- 
thing like  a lemon,  and  has  a weak  rough  aromatic  taste.  On 
distilling  the  herb  with  water.it  impregnates  the  first  runnings 
prdtv  strongly  with  its  grateful  flavour.  Prepared  as  tea,  it 
makes  a grateful  diluent  drink  in  fevers ; and  in  this  way  it  is 
commonly  used,  either  by  itself,  or  tempered  w ith  lemon  juice. 

The  Hahnm  of  Tolu,  from  a region  on  the  north  coast  of  South 
America  near  the  isthmus  of  Panama,  is  a resinous  fluid, 
obtained  from  a tree  of  the  same  name  by  incisions  in  the 
trunk,  and  is  useful  in  medicine  both  as  a tincture  and  a syrup; 
it  lias  an  agreeable  flavour  resembling  balm,  and.  made  into 
logenges,  appeases  the  irritation  occasioned  by  severe  coughing. 

BAMBOO,  a plant,  which  sometimes  grow*  forty  feet  high. 
Its  young  shoots  and  roots  make  an  Indian  pickle ; its  light 
graceful  knotted  stnlk  serves,  not  only  in  the  East  for  the  con- 
struction of  houses,  but  for  furnishing  them  with  almost  every 
utensil.  Tables,  chairs,  bedsteads,  bedding,  barrows,  fences, 
racking,  cordage,  oakum,  candle  wicks,  paper,  whips,  &c.  arc 


made  from  bamboo  in  China.  In  Malabar,  the  bamboos  are 
trained  over  iron  arches,  and  when  they  have  assumed  the 
curve  of  the  mould,  are  used  for  roofs  to  palanquins,  and  sell 
at  fne  or  six  hundred  rupers  a set.  Might  not  thousands  of 
cottagers  in  our  own  country  make  money  by  training  the 
willow,  the  ash.  the  hazel,  and  many  other  trees  ami  shrubs, 
into  similar  arches,  for  innumerable  purposes  in  common  life? 

The  ('hinne  Bam non  II  a sir,  to  save  shipwrecked  persons 
front  drowning,  consists  of  four  pieces  of  bamboo,  about  a 
man's  length,  placed  horizontally  and  at  right  angles,  in  parallel 
pairs,  and  lied  lirrnly  at  the  four  corners  ; the  opening  being 


just  sufficient  to  allow  the  head  and  shoulders  to  get  through, 
ns  represented  in  the  figure,  and  then  tied  securely  to  the  body 
uf  the  person  using  it.  Deal  will  make  this  habit  equally  well. 

BANANA,  a valuable  West  India  plant,  whose  leaves  are 
six  feet  long  and  one  foot  broad,  and  the  fruit  about  five  inches 
long,  and  in  shape  resembling  a cucumber,  with  a soft  luscious 
pulp,  is  frequently  introduced  in  desserts,  or  formed  into  small 
loaves,  bv  squeezing  out  the  juice,  and  leaving  it  to  drv. 

BANGi.B  Ears,  an  imperfection  in  a borse.  remedied  by 
placing  bis  ears  in  such  a manner  as  you  would  have  them 


by  the  bend. 

BANGDB,  a species  of  opiate,  in  great  use  throughout  the 
East  for  drowning  earo  ami  inspiring  joy,  is  extracted  from 
the  leaf  of  a kind  of  wild  hnmp.  that  grows  in  the  countries  of 
the  Levant.  The  leaves  are  dried  in  the  shade,  ground  to  pow- 
der. and  made  into  pills  or  conserves,  or  taken  as  a powder. 
The  Turks  take  this  deleterious  drug  and  opium  ns  substi- 
stuies  for  wine,  which  is  forbidden  by  the  Koran  to  all  true 
Mussulmans. 

BANIAN  TRF.r.,  the  arehed  Indian  Fig.  or  God  Tree,  no 
named,  perhaps,  because  the  Hindoos  plant  it  near  their  tem- 
ples, or  where  no  temple  exists:  the  tree  itself  is  made  use  of 


for  that  purpose.  The  branches  of  this  famous  tree  descend, 
take  root,  and  in  time  arc  converted  into  great  trunks,  so  that 
a whole  tree,  with  all  its  props,  uiay  cover  a space  of  2000  feet 
iu  circumference. 
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BANN,  proscription  or  banishment  for  a crime  proved; 
hence,  to  put  a prince  under  the  bann  of  the  empire,  is,  by 
sound  of  trumpet,  to  declare  him  divested  of  all  his  dignities. — 
Epitcopal  Ban n is  a line  paid  to  the  bishop  by  those  guilt?  of 
sacrilege,  or  other  crimes. — The  Papal  Baxn  is  cxcommumca- 
tinn.— In  Military  affairs,  a proclamation  by  beat  of  drum  or 
sound  of  trumpet. 

BANQUET,  in  Fortification,  a platform  or  bank  of  earth, 
upon  which  soldiers  stand  within  the  parapet,  to  fire  upon  an 
enemy  in  the  ditch  or  covert  way. 

BARBACAN,  or  Barbican,  an  outer  defence  or  fortification 
to  a city  or  castle,  especially  a fence  to  the  city  or  walls.  See 
Castle.  A fort  at  the  entrance  to  a bridge,  ho. 

UAKBE.  in  Military  Tactics,  means  to  lire  the  cannon  over 
the  parapet,  instead  of  filing  through  the  embrasures  or  port- 
holes. 

BABBLES,  or  Bahbs,  knots  of  superfluous  flesh  growing 
inside  the  months  of  cattle,  and  which  are  cut  or  burned  off,  to 
enable  the  animals  to  cat  their  food. 

BARILLA,  is  the  Spanish  name  of  a plant,  from  the  burnt 
ashes  of  which  is  produced  a salt  called  kali  or  toda , hunt  solid 
masses  of  a bluish  tinge,  very  heavy,  sonorous,  dry  to  the 
touch,  corrosive  to  the  taste,  and  strongly  saline,  employed 
chiefly  in  the  manufacture  of  glass  and  soap. 

BARK,  in  Botauy.  the  skin  or  covering  of  plants,  shrubs, 
and  trees:  as  oak  bark,  which  is  used  in  tanning;  Jesuit's 
bark,  {cinchona,)  in  physic ; as  also  mace,  alder,  and  walnut  tree 
bark,  in  dyeing : other  barks  are  used  in  spiccries,  as  cinnamon, 
eattia  lignea.  Cork  bark  is  a valuable  and  useful  product.  In 

India  and  the  South  Sea  islands,  cloth  is  fabricated  from  the 
bark  of  trees. 

BARK  Stovb,  or  .Voiil  Store,  is  a hothouse  containing  a 
pit  or  mass  of  bark,  earth,  sand,  or  other  matter,  in  which  the 
pots  containing  the  plants  are  plunged,  or  the  plants  them- 
selves planted.  This  house  is  healed  from  below,  or  by  the 
fermentation  of  the  bed  of  materials,  as  well  as  by  the  atmo- 
sphere of  the  bouse  ; and  it  is  used  solely  for  raising  and  culti- 
vating flowers.  The  bark-stove  floriculture  house  at  Frog- 
more  is  truly  magnificent.  Such  houses  should  be  built  east 
and  west,  though  thoje  of  the  botanic  gardens  of  Dublin  and 
Liverpool  are  placed  with  t’seir  gables  to  the  south.  Loddige’s 
immense  paliuhousc  at  Hackney  is  glazod  on  all  sides. 

BARLEY,  a well-known  grain  or  corn,  used  for  making 
malt,  meal,  bread,  or  soups  ; and  sugar  boiled  in  barley  water 
is  barley  sugar,  which  is  rolled  on  a stone  anointed  with  oil  of 
sweet  almonds,  and  formed  into  twisted  sticks.  Whiskey, 
made  of  malt,  is  distilled  by  a very  common  chemical  process. 
The  malt  is  dried,  mashed,  boiled,  and  from  the  liquor  thus 
made,  the  alcohol,  or  pure  spirit,  is  distilled.  Proof  spirit  con- 
sists of  half  water  and  half  pure  spirit ; that  is,  such  as  when 
poured  on  gunpowder,  and  set  on  fire,  will  burn  all  away,  and 
oermit  the  powder  to  take  fire  and  flash,  ns  in  open  air.  But 
if  the  spirit  be  not  so  highly  rectified,  there  w ill  remain  some 
water,  which  will  make  tbc  powder  wet,  and  unfit  to  take  fire. 
Proof  spirit  of  any  kind  weighs  sevru  pounds  twelve  ounces 
per  gallon. 

BARM,  Yeast,  first  used  by  the  Oltcs  in  making  bread.  See 
Bar:  An. 

BAROMETER,  an  instrument  to  measure  the  elasticity  of 
air,  consists  of  a hollow  glass  cone,  filled  with  mercury,  and 
hermetically  sealed  at  the  end,  so  that  no  air  be  left  in'  it,  as 
represented  in  the  following  figure.  When  it  is  set  upright, 
the  mercury  descends  down  the  tube,  into  the  bubble,  which 
has  a little  opening  at  tbc  top,  that  the  air  may  have  free 
ingress  and  egress.  At  the  top  of  the  tube  there  must  be  a 
perfect  vacuum.  The  instrument  is  fixed  in  a frame,  and  hung 
perpendicular  against  a wall.  Near  the  top,  on  the  frame,  is 
placed  a scale  of  inches,  shewing  how  high  the  mercury  is  in 
the  tube,  above  the  level  of  it  in  the  bubble,  which  is  generally 
from  28  to  31  inches,  but  mostly  about  29  or  3U.  Along  with 
the  scale  of  inches,  there  is  also  placed  a scale  of  such  weather 
as  has  been  observed  to  answer  the  several  heights  of  the 
quicksilver.  In  dividing  the  scale  of  inches,  care  must  he 
taken  to  make  proper  allowance  for  the  rising  or  fulling  of 
the  quicksilver  in  the  bubble,  which  ought  to  he  about  half  full 
when  it  stands  at  29j,  which  is  the  mean  height;  for,  whilst 
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the  quicksilver  rises  an  inch,  it  descends  a little 
in  the  bubble  ; and  that  descent  must  be  deducted, 
which  makes  the  divisions  be  something  less  than 
an  inch.  These  inches  must  be  divided  into  tenth 
parts,  for  the  more  exact  measuring  tbe  weight 
of  the  atmosphere : for  the  pillar  of  mercury  in 
the  tube  is  always  equal  to  the  weight  of  a pillin' 
of  the  atmosphere  of  the  same  thickness;  and, 
as  the  height  of  the  quicksilver  increases  or 
decreases,  tbe  weight  of  the  air  increases  or 
decreases  accordingly.  The  tube  must  be  near 
3 feet  long,  and  the  bore  not  less  than  J or  i of  an 
inch  in  diameter,  or  else  tbe  quicksilver  will  not 
move  freely  in  it. 

The  real  cause  of  the  suspension  of  tho  mer- 
cury in  the  tube,  and  of  water  in  pnmps.  is  now 
generally  admitted  to  be  the  atmospheric  pres- 
sure, and  repeated  observations  which  have  been 
made,  connected  with  this  subject,  discover  that 
tbe  column  of  mercury  varies  considerably  in  itJ 
height,  at  different  limes,  and  this  variation  has 
been  observed  to  be  followed  by  changes  of  the 
weather.  This,  in  the  infancy  of  meteorological 
science,  led  to  farther  and  more  accurate  observations,  and 
various  alterations  and  improvements  were  suggested  in  the 
construction  of  the  barometer,  or  treat her-glatt. 

The  constructions  of  this  instrument  are  now  exceedingly 
varied  and  numerous,  much  beyond  what  our  limits  will  admit 
of  enumerating  ; we  must,  therefore,  content  ourselves  with 
describing  the  most  popular  and  general  forms,  and  refer  the 
leader  who  wishes  for  farther  information  to  the  article  Baro- 
meter, in  Rees’s  Cyclopedia,  where  be  will  find  a detailed 
account  of  nearly  all  the  forms  and  uses  to  which  this  instru- 
ment has  been  applied. 

Common  Baromfter. — This  is  represented  in  the  lieu  re  above, 
such  r.s  it  was  invented  by  Torricelli.  A B is  a glass  tube  open 
at  one  end,  and  hermetically  sealed  at  the  other.  A,  having  its 
diameter  about  one-third  or  one-fourth  of  an  inch,  and  its 
length  thirty-three  or  thirty-four  inches:  this  is  filled  with 
purified  mercury  so  justly  as  not  to  have  any  air  over  it,  nor 
any  bubbles  adhering  to  the  sides  of  the  tube,  which  is  best  done 
by  means  of  a small  paper  or  glass  funnel,  with  a capillary 
tnbe.  The  orifice  of  the  tube,  filled  after  this  manner,  so  as  to 
overflow,  is  then  closely  pressed  by  the  finger,  so  as  to  exclude 
any  air  between  it  and  the  mercury ; this  done,  invert  the  tube, 
and  immerse  the  finger  and  end,  thus  stopped,  into  a bason  of 
like  purified  quicksilver,  and  in  this  position  vsibdraw  the, 
finger,  and  the  mercury  will  descend  in  the  tube  to  some  place, 
as  E,  between  twenty-eight  and  thirty-one  inches  above  the 
surface  of  the  mercury  in  the  bason  at  F ; these  being  the  limits 
between  which  it  always  stands  near  the  surface  of  the  earth 
or  sex.  Instead,  however,  of  the  detached  vessel  f!  I),  the 
modern  barometer  tubes  are  curved  at  the  bottom,  and  termi- 
nate in  a bulb,  which  ought  to  be  as  big  as  it  can  be  conveniently 
made,  in  order  that  the  variation  in  the  altitude  of  the  mercury 
In  the  tube  may  nfl'rct,  as  little  as  possible,  the  depth  of  that  in 
the  bulb. 


Tbe  barometer  tubes,  under  either  of  the  above  forms,  are 
now  to  be  enclosed  in  a wooden  case  or  frame,  to  prevent  their 
being  broken,  and  the  vessel  or  bulb,  though  open  to  the  air, 
must  be  secured  from  dust ; and  thus  far  the  construction  will 
be  completed. 

Next,  measure  from  the  surface  of  the  mercury  at  F,  28 
inches  to  G,  and  .11  inches  to  II ; dividing  the  spaces  between 
them  into  indies  and  tenths,  which  are  marked  on  a scale 
placed  against  tbc  side  of  the  tube;  and  these  tenths  arc  again 
subdivided  into  hundredth  parts  of  an  inch,  by  means  of  a 
sliding  index  carrying  a vernier  or  monum.  In  the  common 
barometers  called  weather -platen,  the  lowrst  limit  at  G is 
marked  tlormg,  and  the  highest  point.  H,  is  marked  on  one 
side  very  dry  fur  summer,  aud  on  the  other,  very  hard  frott  for 
winter.  To  the  next  half-inch  below  the  highest  point  are 
annexed  tel  fair  on  the  one  side,  and  tel  frott  on  tbe  other.  At 
the  height  of  10  inches,  fair  is  marked  on  one  side,  and  frott  on 
the  other.  At  the  height  of  29}  inches  is  marked  changeable , 
both  for  summer  and  winter;  and  at  29 inches,  rain  ou  one 
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aide,  and  snow  on  the  other.  At  28)  inches,  much  rain  on  one 
side,  and  much  snow  on  the  other  ; the  lowest  division  being 
marked  stormy,  as  we  have  before  observed. 

The  barometer  is  advantageously  employed  in  measuring  the 
heights  of  mountains;  aud  for  every  103  feel  perpendicular 
that  the  instrument  is  carried  up  a mountain,  the  mercury  falls 
l-10th  of  an  iuch;  103  feet  of  air  being  equal  to  1-I0tb  of  an 
inch  of  mercury  on  the  surface  of  the  earth : that  is,  to  one 
degree  in  the  scale  of  the  barometer.  Thus,  on  the  top  of 
Snowden,  in  Wales,  the  mercury  sinks  3 67  inches,  therefore 
that  mountain  is  3720  feet  high. 

A thermometer  should  always  be  attached  to  the  barometer, 
and  by  the  side  of  it  a scale  of  correction,  to  shew  how  much 
to  add  or  subtract  from  the  height  of  the  merenry  in  the  baro- 
meter, for  the  degree  of  temperature;  for  it  is  evident,  that  the 
mercury  in  the  tube  will  be  affected  by  heat  and  cold  in  the 
same  manner  as  the  thermometer,  and,  on  that  account,  It  will 
not  shew  the  true  weight  of  the  atmosphere.  For.  by  numerous 
experiments  it  has  been  found,  that  air  expands  about  djtli 
part  of  its  bulk  for  every  degree  of  heat,  and  contracts  the 
same  for  every  degree  of  cold,  and  consequently,  the  result 
obtained  from  the  above  formula  must  be  increased  or  dimi- 
nished by  as  many  times  ^lh  part  of  itself,  as  the  temperature 
in  degrees  exceeds,  or  is  less  than,  31°.  Hence  we  have 
another  rule  for  measuring  altitudes  by  the  barometer,  ttz. 

Observe  the  height  of  the  mercury  at  the  bottom  of  the 
object  to  be  measured,  and  again  at  its  top  ; as  also  the  degree 
of  the  thermometer  in  both  these  situations;  and  ball'  the 
sum  of  these  two  last  may  be  accounted  the  mean  temperature. 
Then  multiply  the  difference  of  the  logarithms  of  the  two 
heights  of  the  barometer  by  10,000,  and  correct  the  result  by 
adding  or  subtracting  so  many  times  its  435tl»  part,  as  the 
degrees  of  the  mean  temperature  are  more  or  less  than  31°; 
and  the  last  number  will  be  the  altitude  in  fathoms. 

Example.- -If  the  heights  of  the  barometer  at  the  bottom  and 
top  of  a hill  are  29*37  and  26*69  inches  respectively,  and  the 
mean  temperature  26°.  what  is  the  height! 

Log.  29  37  = 1*467004 
Log.  26  59  — 1421718 

Difference  of  Logs.  — 0 043186 
Multiply  by  10000 


431*86 

Now  31°  — 20°  = 5°  temperature  below  31° ; therefore  of 
431*86  = 4 96;  consequently  4.11*80  — 4 96  = 426  00  fathoms, 
the  altitude  of  the  hill. 

This  requires,  however,  certain  modifications,  on  account 
of  the  difference  in  low  and  elevated  situations,  the  expan- 
sion of  the  column  of  mercury,  and  other  circumstances,  which 
the  limits  of  our  article  will  not  admit  of  investigating.  Before 
M.  de  Luc  began  his  experiments  with  the  barometer,  a mean 
of  the  two  temperatures  shewn  by  the  thermometer  attached  to 
the  barometer,  and  the  height  of  the  barometer,  at  the  bottom 
and  top  of  a hill,  were  thought  sufficient  for  determining  its 
altitude.  De  Luc,  however,  found  that  an  additional  or 
detached  thermometer  was  also  necessary  ; and  this  has  been 
since  confirmed  by  the  experiments  of  General  Roy  and  Sir  G. 
Shock  burgh.  The  formulae  for  the  height  in  fathoms,  according 
to  the  two  latter  observers,  are  as  follow : 
rov. 

1 10000  / = -408 d}  X J 1 + (/—  34°)  -00246  j 

llll'CMUtGH. 


1 10000/  = '440  d j x 1 1 + (/—  32°)  00243  j 
Where  l = diff.  of  logs,  of  the  heights  ofharometer, 
d — diff.  of  degrees  Farhcnheit‘s  thermometer, 
f — mean  of  the  two  temperatures  shewn  by 
the  detached  thermometer  exposed  for  a 
few  minutes  to  the  open  air  in  tbc  shade 
of  the  two  stations. 

The  sign  — takes  place  when  the  attached  thermometer  is 
highest  at  the  lower  station,  and  the  sign  ■+■  when  it  is  lowest 
at  that  station. 

ExampU. — Find  the  height  of  a mountain,  from  the  following 
observations  taken  at  the  fool  and  summit: 


Baroro.  Attach.  Thera.  Detach.  Therm. 

Lowest  station,  29*862  68° 71° 

Highest  station,  26  137  63°  66° 

Here  we  have,  d = 5°,  difference  detached  thermometer. 

And /=  63°,  mean  of  attached  thermometer. 

Log.  29-802  = 1-475119 
Log.  26  137  = 1*417256 


Difference  of  Logs.  = 0 057863  = /. 

Then,  by  the  first  formula, 

f — 32°  = 31°,  and  l + (31  x 00246)  = 1 07596 
10000  / — 10000  x *067863  = 578  63 
*468  d = *468  X 5 = 2*34 


57629 

Multiply  by  1 07595 

620  fathoms, 

the  altitude  sought ; the  decimals  being  rejected  as  unimportant. 

Ramsdcn’s  engraved  table  gives  the  height  = 3730  feet,  or 
621}  fathoms.  This  table  is  on  a slip  of  paper,  a foot  long  and 
about  3)  inches  wide  ; the  logarithmic  difference*,  from  25  to 
31  inches,  are  given  to  500tbs  of  an  inch,  and  the  corrections 
for  the  thermometer  at  both  stations  found  by  inspection. 

It  may  be  observed,  that  in  determining  altitudes  by  the 
barometer,  it  is  best  to  make  the  observations  at  the  upper  and 
lower  stations  at  one  and  the  same  time,  as  nearly  as  can  be  ; 
but  great  care  must  be  taken  that  the  two  barometers,  and  also 
the  thermometers,  are  alike ; that  is,  they  should  precisely 
agree  when  together  in  all  states  of  the  air.  It  is  also  neces- 
sary that  the  specific  gravity  of  the  mercury  be  well  ascer- 
tained, because  it  is  not  equally  pure  in  all  barometers;  which 
is  the  principal  reason  why  different  results  have  been  so 
frequently  obtained,  from  observations  mado  with  different 
barometers  at  the  same  stations.  Other  circumstances,  not 
generally  known,  may  contribute  to  inch  disagreement;  thus, 
Mr.  Ramsdcn  proved,  by  experiment,  that  the  quicksilver  in 
barometer  tubes,  made  of  different  sorts  of  glass,  will  be  sus- 
pended at  different  heights. 

In  the  following  Table,  for  measuring  the  altitude  of  any 
mountain,  the  first  column  expresses  its  height  in  feet  or  miles; 
the  second,  the  height  of  the  quicksilver ; and  the  third,  the 
descent  of  tho  quicksilver  in  the  barometer;  and  this  at  a 
mean  density  of  the  air. 


Peel. 

lligb.  Barom. 

DtHtll. 

Feet. 

High.  Barom. 

D*»«at, 

0 

29*500 

100 

29  400 

*100 

2600 

27*028 

2-472 

200 

20*301 

*199 

2700 

26*933 

2-562 

300 

29*203 

297 

2800 

26*848 

2 652 

400 

29*105 

•395 

2900 

26*768 

2*742 

600 

29  007 

*493 

3000 

26  668 

2832 

600 

28910 

*590 

3100 

26*678 

2 922 

700 

28-812 

■6HH 

2200 

26489 

3*01 1 

800 

28-716 

•784 

3300 

26*400 

3*100 

900 

28-619 

*881 

3400 

26*311 

3*189 

1000 

28-523 

•977 

3600 

26  222 

3*278 

1100 

28428 

l 072 

:t600 

26*136 

3*364 

1200 

28  332 

1*168 

3700 

26-049 

3*451 

1300 

28  237 

1 262 

3800 

25  961 

3 539 

1400 

28*  143 

1*357 

3900 

25  874 

3626 

1600 

28048 

1*452 

4000 

25*786 

3*714 

I960 

27-964 

1*646 

4100 

25  699 

3 801 

1700 

27  860 

1*640 

4200 

25*613 

3*887 

1800 

27766 

1*734 

4300 

25*527 

3-973 

1900 

27  672 

1-828 

4400 

25  441 

4 069 

9000 

27-579 

1*921 

4500 

25*365 

4145 

2100 

27*487 

2013 

4600 

25-270 

4230 

2200 

27-394 

2106 

4700 

25-185 

4 315 

2300 

27*302 

2198 

4800 

26*101 

4-399 

2400 

27*210 

2290 

4900 

25  017 

4-4M3 

2500 

27  119 

2*381 

5000 

24-933 

4-567 
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The  Table  continued,  in  flfilei. 


Mil.,. 

High.  Bar  am. 

D««c«nt.  I 

Miles. 

High.  Baron. 

Deiecat. 

o- 

20  60 

i 

0-26 

28*21 

1 29  l 

3*26 

16*57 

12*93 

0*50 

20*08 

262  | 

3*60 

16*85 

13*65 

0*76 

25  so 

8*70  : 

376 

16*16 

14*34 

1* 

24  70 

4 80  ; 

4* 

1460 

16*00 

1 25 

23*02 

6*88  \ 

4*25 

13  87 

16  63 

1 60 

2*2*00 

aw  \ 

4*60 

13  27 

1623 

1 '76 

21*62 

7*88  | 

8*82  j 

4*75 

1270 

10*80 

2* 

20  G8 

6* 

12  16 

17  36 

2 26 

1978 

9 72  ; 

626 

11*02 

17  88 

*2  60 

18  93 

10  57  ; 

6 60 

11*12 

18  38 

2 75 

18*11 

1 1 39  \ 

6 76 

10*64 

18  HO 

3* 

17*32 

12*18  ; 

0- 

10*18 

19*32 

Another  sort  of  barometer  shews  the  ascent  and  descent 
of  the  mercury  at  the  bottom,  u ABC  (annexed  figure)  a 
recurve  tube,  close  at  the  top,  where  the 
bucket  G is,  and  open  at  the  end  A.  The 
length  of  C B is  32  or  33  inches,  and  of  A B 
6 or  7.  The  bucket  C should  contain  about 
as  much  as  the  end  A B ; and  the  buekrt 
and  end  C B mast  be  cjuite  filled  with  mer- 
cury, as  far  as  B.  a little  beyond  the  turn. 

The  wider  the  bucket  C is,  the  better.  The 
scale  set  to  the  cod  A B must  be  graduated 
downwards  ; for  the  mercury  falls  in  this, 
when  it  rises  in  the  other  sort.  This  being 
placed  against  a wall,  will  shew  the  height 
of  the  mercury,  as  in  the  common  ones ; and 
this  waj  is  more  commodious,  as  it  saves 
the  labour  of  claraberiog  up  upon  chairs  to 
see  it,  as  one  must  do,  in  the  common  sort, 
to  see  the  index  exactly. 

A barometer  may  also  be  made  of  water, 

(as  in  tho  lower  figure,)  which  is  a water- 
barometer.  A B is  a glass  tube  open  at  both 
ends,  and  cemented  close  in  the  mouth  of 
the  bottle  E F,  and  reaching  very  near  tho 
bottom  ; then,  warming  the  bottle  at  the  fire, 
part  of  the  air  will  fly  out ; then  the  end  A 
is  put  into  a vessel  of  water  mixed  with  co- 
chineal, which  will  go  through  the  pipe  into 
the  bottle  as  it  grows  cold.  Then  it  is  set 
uptight;  and  the  water  may  be  made  to 
•land  at  any  point  C,  by  sucking  or  blowing 
at  A.  And.  if  this  barometer  be  kept  to  the 
same  degree  of  heat,  by  putting  it  in  a vessel 
of  sand,  it  will  be  very  correct  for  taking 
small  altitudes ; for  a little  alteration  in  the 
weight  of  the  atmosphere  will  make  the 
water  at  C rise  or  fall  in  the  tube  very  sen- 
sibly ; but  if  it  bo  suffered  to  grow  warmer, 
the  water  will  rise  too  high  in  the  tube,  and 
spoil  the  use  of  it ; so  that  it  must  be  kept 
to  the  same  temperature. 

If  a barometer  was  to  be  made  of  water 
put  into  an  exhausted  tube,  after  the  manner  of  quicksilver,  it 
would  require  a tube  3G  feet  long  or  more  ; which  could  hardly 
find  room  within  doors ; but  then  it  would  go  14  times  more 
exact  than  quicksilver;  because,  for  every  inch  the  quicksilver 
rises,  the  water  would  rise  14,  from  whence  every  minutr 
change  in  the  atmosphere  would  be  discernible.  And  the 
water-barometer,  above  described,  will  shew  the  variation  of 
the  air's  gravity  as  minutely  as  the  other,  If  the  bottle  be  large, 
to  bold  a great  quantity  of  air. 

The  Diagonal  Barometer  acts  on  the  same  principle  as  the 
common  barometer  above  described,  except  that  tho  upper 
end  of  the  tube  is  bent  at  about  ao  angle  of  46°  from  the  verti- 
cal, whereby  the  scalo  of  variations  is  increased  in  about  the 
ratio  of  3 to  2 ; or  more  accurately,  in  the  ratio  of  the  diagonal 


of  a square  to  the  length  of  its  side.  If  the  upper  end  be 
bent  in  a greater  angle,  the  scale  of  variation  will  be  so  much 
the  more  iucreascd ; but  in  practice,  it  is  not  found  convenient 
to  have  the  angle  much  exceeding  4 !fi. 

The  Horizontal  Barometer,  consists  of  a tube  bent  at  right 
angles,  having  a pretty  wide  cylindrical  part  at  the  upper  end 
ot  the  vertical  leg,  which  is  hermetically  sealed,  tho  horizontal 
leg  being  open,  where,  however,  the  mercury  cannot  run  out, 
being  opposed  by  the  pressure  of  the  atmosphere,  the  varia- 
tions of  which  arc  indicated  by  a scale  attached  to  that  brunch 
of  the  instrument. 

The  Marine  Barometer  of  Dr.  Hooke,  is  intended  to  be 
used  on  shipboard,  being  contrived  so  as  not  to  be  affected  or 
injured  by  the  motion  of  the  vessel.  It  consists  of  a double 
thermometer,  or  two  tubes  half  filled  with  spirits  of  wine;  the 
one  sealed  at  both  ends,  with  a quantity  of  air  included  ; the 
other  sealed  at  one  end  only.  The  former  of  these  is  a fleeted 
only  by  the  temperature  of  the  air;  but  the  other,  both  by  the 
external  temperature,  and  by  the  variable  pressure  of  the 
atmosphere.  Hence,  considering  the  spirit  thermometer  as  a 
standard,  the  excess  of  the  rise  or  fall  of  the  other,  beyond  the 
former,  will  shew  the  increase  or  decrease  of  the  pressure  of 
the  atmosphere.  The  marine  barometer  is  a very  osefnl  instru- 
ment for  indicating  any  change  in  the  slate  of  the  weather. 

The  Pendant  Barometer  is  rithcr  pretty  than  useful,  and 
consists  of  a conical  tube  placed  vertically,  its  upper  and 
smaller  extreme  is  hermetically  sealed,  and  its  larger  and 
lower  end  open:  it  has  no  vessel  or  cistern,  its  conical  figure 
supplying  that  defect ; for  when  filled  like  the  rest,  there  will 
be  as  much  mercury  sustained  os  is  equivalent  to  the  weight  of 
Uic  atmosphere ; and  as  that  varies,  the  same  mercury  takes 
up  a different  part  of  the  tube,  and  so  becomes  of  a different 
weight. 

The  Portable  Barometer  is  so  constructed,  that  it  may  be 
carried  from  one  place  to  another  without  damage  or  derange- 
ment. The  end  of  the  tube  is  tied  up  in  a leathern  bag,  not 
quite  full  of  mercury,  which  being  pressed  by  the  air,  forces 
itself  into  the  lobe,  and  keeps  suspended  at  its  proper  height. 
This  bag  is  usually  enclosed  in  a box.  through  the  bottom  of 
which  passes  a screw,  by  means  of  which  the  mercury  may  be 
forced  to  the  upper  end  of  the  tube,  and  prevented  from  break- 
ing it  by  dashing  against  the  top,  an  accident  very  likely  to 
bappeu  w ithout  this  precaution. 

The  Reduced  Barometer  is  only  three  inches  long,  and 
serves  the  purpose  of  a manometer,  in  shewing  the  dilations 
of  the  air  in  the  receiver  of  an  air-pump,  for  which  purpose  it  is 
now  commonly  employed. 

The  Wheel  Barometer,  as  here  re- 
presented. was  invented  by  Dr.  Hooke, 
about  the  year  1668,  and  is  meant  to 
render  the  alterations  in  the  air  more 
sensible.  Here  the  barometer  tube  has 
a large  ball,  A B,  at  top.  and  is  bent  up 
at  the  lower  or  open  end,  where  an 
iron  ball,  (»,  floats  on  the  surface  of  the 
mercury  in  the  tube,  to  which  is  con- 
nected another  ball,  H.  by  a cord  hang- 
ing freely  over  a pulley,  turniog  an 
index,  KL,  about  its  centre.  In  this 
instrument  the  variations  of  the  mer- 
cury take  place  in  the  lower  part  of 
the  tube  ; for  the  height  of  the  mercury 
being  always  the  difference  between 
its  upper  and  lower  surface,  and  as  in 
Ibis  instrument,  in  consequence  of  the 
great  diameter  of  the  ball,  the  mercury 
can  rise  but  very  little  in  the  upper 
part,  it  follows  that  tho  most  obvious 
variation  mast  take  place  in  the  lower 
branch.  Now.  when  the  quicksilver  rises  in  the  part  FG,  it 
raises  the  hall  G,  and  the  other  ball  H descends  and  tarns  the 
pulley,  with  an  index  round  a graduated  circle,  from  N towards 
M and  P,  and  the  contrary  way  when  the  mercury  and  ball 
sink  in  the  bent  part  of  the  tube.  Hence  tho  scale  is  easily 
enlarged  ten  or  twelve-fold,  being  increased  in  proportion  to 
the  axis  of  the  pulley,  to  the  length  of  the  index  K L.  But 
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then  it  must  be  observed,  that  the  fridlon  of  tbe  pulley  and  | 
axis  greatly  obstructs  the  free  motion  of  the  quicksilver.  This  j 
imperfection  in  wheel  barometers  has  been  in  a great  measure 
obviated  by  introducing  two  pulleys,  moving  on  friction  wheels. 

Various"  other  barometers  might  here  be  enumerated,  as 
constructed  by  Descartes,  Huygens,  Do  la  Hire,  Boyle,  Orme, 
Caswell,  Rooming,  &c.  many  of  them,  however,  now  out  of  use, 
are  purposely  omitted. 

P heHomrna  of  the  Barometer. — The  phenomena  of  the  baro- 
meter, considered  as  a weather-glass,  have  been  very  differ- 
ently stated  and  explained  by  various  writers;  and  they  are 
so  precarious,  that  it  is  extremely  difficult  to  form  any  fixed  and 
general  rules  concerning  them.  Although  the  barometer  never 
fails  to  indicate  a storm,  or  any  great  change  of  weather,  for  some 
hours  before  it  occurs  ; yet  its  variations  afford  no  indications 
that  are  absolutely  certain,  with  respect  to  those  less  consi- 
derable changes,  to  which  the  weather  is  subject  in  our  variable 
climate.  With  certain  restrictions  they  afford  some  ground 
for  probable  conjecture  ; and  these  restrictions  are  to  be  deter- 
mined merely  by  the  sagacity  of  long-continued  observation 
and  experience.  Strictly  speaking,  tbe  height  of  the  mercury 
in  the  barometer  has  no  immediate  and  necessary  connexion 
cither  with  rain  or  fair  weather.  That  its  variable  height 
is  the  immediate  consequence  of  the  variable  pressure  of  the 
atmosphere,  is  a fact  that  admits  of  no  doubt ; but  the  causes 
of  this  variable  pressure  have  not  yet  been  fully  and  satis- 
factorily ascertained  ; and  how  far  the  state  of  the  wea- 
ther, in  all  its  minute  and  sudden  changes,  depends  upon 
it,  is  a qncstion  that  is  still  to  be  determined.  The  mercury  is 
commonly  highest  in  winter  and  lowest  in  summer;  it  is  least 
variable  at  the  solstices,  and  most  variable  at  the  equinoxes. 
The  principal  observations  that  have  been  made  on  the  varia- 
tions of  this  instrument,  are  summed  up  in  the  following  par- 
ticulars : — 

1.  Tbe  more  considerable  elevations  and  depressions  of  the 
mercury  in  the  barometer  happen  at  a very  short  interval  of 
time,  in  places  very  remote  from  each  other.  This  corre- 
spondence was  observed  by  Mr.  Dcrham,  in  1C90,  between  the 
heights  of  the  mercury  at  Upminstcr  in  Essex,  and  Townly  in 
Lancashire ; and  afterwards  by  M.  Maraldi,  between  the 
variations  at  Paris  and  Genoa,  at  the  distance  of  nearly  four 
degrees  of  latitude,  who  adds,  during  these  variations,  different 
winds  prevailed  at  these  places.  But  Mr.  Kirwan  observes, 
that  where  there  is  a considerable  difference  of  longitude,  iho 
like  agreement  is  not  found. 

2.  Tbe  deviations  of  the  mercury  from  its  mean  annual 
altitude  are  far  more  frequent  and  extensive  in  the  neighbour- 
hood of  the  poles  than  in  that  of  the  equator.  At  Petcrshurgh, 
in  1725,  the  mercury  once  stood  at  the  amazing  height  of  31*341 
inches,  if  we  may  credit  Mr.  Consett ; and  yet  it  has  been  so 
low  as  28*14  inches.  In  the  northern  parts  of  Franec,  the 
variations  are  greater  than  in  the  southern:  at  Naples,  they 
scarcely  exceed  one  inch.  In  Peru,  under  the  equator,  and  at 
the  level  of  the  sea,  they  amount  only  to  two  or  three  tenths  ot 
an  inch  ; but  in  other  parts,  within  a few  degrees  of  the  line, 
on  the  approach  of  the  rainy  season,  or  of  hurricanes,  the 
barometer  falls  an  inch  or  more. 

3.  The  variations  without  the  tropics,  are  greater  and  more 
frequent  iu  the  winter,  than  in  tbe  summer  months. 

4.  Tbe  variations  are  considerably  smaller  in  very  elevat- 
ed situations  than  on  the  level  of  the  sea.  Thus  M.  Bougucr 
observed,  that  on  the  coast  of  Peru  the  variations  extended  to 
$ of  an  inch ; at  Quito,  elevated  8374  feet  above  the  *ea,  they 
comprehend  only  0*087tbs  of  an  inch.  Sanssore  made  similar 
observations  in  Savoy,  as  did  M.  Lambert  in  Switzerland. 

6.  The  mean  height  of  the  barometer  on  the  level  of  the  sea, 
in  most  parts  of  the  globe  hitherto  examined,  is  about  30  inches  : 
M.  Bougucr,  under  the  line,  observed  it  at  211-908  inches  ; but 
as  his  barometer  was  not  purged  of  air  by  fire,  it  stood  lower 
than  it  should  have  done.  Sir  G.  Shnckburgh,  on  a mean  of 
several  observations  on  the  coasts  of  Italy  and  England,  found 
it  at  30*04  inches,  when  the  temperature  of  the  mercury  was 
66°,  and  that  of  the  air  62°.  The  mean  height  of  the  barometer 
in  London,  upon  an  average  of  two  observations  in  every  day 
of  the  year,  kept  at  the  bouse  of  the  Royal  Society,  for  many 
years  past,  is  29*88;  the  mean  temperature  or  height  of  tbe 


thermometer,  according  to  the  same,  being  58°.  The  greatest 
height  observed  by  Sir  G.  Shuckburgb,  Dee.  26,  1778,  in  Lon- 
don, was  30*948  inches,  the  thermometer  being  at  47°;  and, 
reduced  to  the  heat  of  50°,  it  was  30*957 ; and  this,  be  says,  is 
tbe  greatest  height  which,  as  far  as  he  has  been  able  to  collect, 
it  has  ever  been  known  to  stand  at  in  any  country,  where 
observations  have  been  made  and  recorded,  since  tbe  first 
invention  of  this  instrnmenL  In  the  proximity  of  tbr  poles, 
says  Mr.  Kirwan,  the  annual  mean  heights  of  the  barometer 
differ  much  more  from  the  standard  than  in  the  more  southern 
parts  of  our  hemisphere. 

Id  estimating  the  connexion  of  the  variation  of  the  barometer 
with  tbe  weather,  particular  rules  have  been  given  by  different 
philosophers;  our  limits,  however,  will  only  allow  of  stating 
those  of  Dr.  Halley  and  Mr.  Patrick,  which  are  as  follow 

Dr.  Halley's  Rules  for  judging  of  the  Weather. — I.  In  Calm 
weather,  when  the  air  is  inclined  to  rain,  the  mercury  is  com- 
monly low. 

2.  In  serene,  good,  and  settled  weather,  the  mercury  is 
generally  high. 

3.  Upon  very  great  winds,  though  they  be  not  accompanied 
with  rain,  the  mercury  sinks  lowest  of  all,  according  to  the 
point  of  the  compass  the  wind  blows  fiom. 

4.  The  greatest  beigbts  of  the  mercury  are  found  upon 
easterly  or  north-easterly  winds,  other  circumstances  alike. 

5.  In  calm  frosty  weather,  the  mercury  commonly  stands 
high. 

G.  After  very  great  storms  of  wind,  when  the  mercury  has 
been  very  low,  it  generally  rises  again  very  fast. 

7.  The  more  northerly  places  have  greater  alterations  of  tbe 
barometer  thun  tbe  more  southerly,  near  the  equator. 

8.  Within  the  tropics,  and  near  them,  there  is  little  or  no 
variation  of  (he  barometer,  in  all  weathers.  For  instance,  at 
St.  Helena  it  is  little  or  nothing,  at  Jamaica  -ths  of  au  inch, 
and  at  Naples  the  variation  hardly  ever  exceeds  an  inch  ; 
whereas  in  England  it  amounts  to  2|  inches,  and  at  Pctcrsburgh 
to  3}  nearly. 

Dr.  Beal,  who  followed  the  opinion  of  M.  Pascal,  observes, 
that,  extent  panbus,  the  mercury  is  higher  in  cold  weather  than 
in  warm  ; and  in  tbe  rooming  and  evening  usually  higher  that  at 
mid-day  : that  in  settled  and  fair  weather  the  mercury  is  higher 
than  either  a little  before  or  after,  or  in  the  rain  ; and  that  it 
commonly  descends  lower  after  rain  than  it  was  before  it. 
And  be  ascribes  these  effects  to  the  vapours  with  which  the  air 
is  charged  in  the  former  case,  and  which  are  dispersed  by  the 
falling  rain  in  the  latter.  If  it  chance  to  rise  higher  after  rain, 
it  is  usually  followed  by  a settled  serenity.  And  that  there  are 
often  great  changes  in  tbe  air,  without  any  perceptible  altera- 
tion in  the  barometer. 

Mr.  Patrick's  Ruin  for  judging  of  the  Weather . — These  are 
esteemed  the  best  of  any  general  rules  hitherto  made  : 

1.  The  rising  of  the  mercury  presages,  in  general,  fair  wea- 
ther; and  its  falling,  foal  weather,  as  rain,  snow,  high  winds, 
and  storms. 

2.  In  very  hot  weather,  tbe  falling  of  the  mercury  indicates 
thunder. 

3.  In  winter,  the  rising  presages  frost;  and  in  frosty  weather, 
if  the  mercury  falls  three  or  four  divisions,  there  will  certainly 
follow  a thaw.  But  in  a continued  frost,  if  tbe  mercury  rises, 
it  will  certainly  snow. 

4.  When  foul  weather  happens  soon  after  the  falling  of  the 
mercury,  expect  but  little  of  it ; and  od  the  contrary,  expect 
but  little  fair  weather  when  it  proves  fair  shortly  after  the 
mercury  has  risen. 

6.  In  fonl  weather,  when  the  mercury  rises  much  and  high, 
and  so  continues  for  two  or  three  days  before  the  foul  weather 
is  quite  over,  then  expect  a continuance  of  fair  weather  to 
follow. 

6.  In  fair  weather,  when  the  mercury  falls  roach  and  low,  and 
thus  continues  for  two  or  three  days  before  the  rain  comes, 
then  expect  a great  deal  of  wet,  and  probably  high  winds. 

7.  The  unsettled  motion  of  the  mercury  denotes  uncertain 
and  changeable  weather. 

8.  You  are  not  so  strictly  to  observe  the  words  cngTavcn  on 
the  plates,  as  the  mercury's  rising  and  falling ; though  in  gene- 
ral it  will  agree  with  them.  For  if  it  stands  at  much  rain,  and 
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tkeo  rises  op  to  changeable.  it  presages  fair  weather  ; though 
not  to  continue  so  long  as  if  the  mercury  had  risen  higher. 
And  so,  on  the  contrary,  if  the  mercury  stood  at  fair,  and  falls 
to  changeable,  it  presages  foul  weather  ; though  not  so  much 
of  it  as  if  it  had  sunk  lower. 

Upon  these  rules  of  Mr.  Patrick  the  following  remarks  are 
made  by  Mr.  Rowning : That  it  is  not  so  much  the  absolute 
height  of  the  mercury  in  tbo  tube  that  iudicates  the  weather,  I 
as  its  motion  up  and  down  : wherefore,  to  pass  a right  judg- 
ment of  what  weather  is  to  be  expected,  we  ought  to  know 
whether  the  mercury  is  actually  rising  or  falling ; to  which  end  i 
the  following  rules  are  of  use : 

I . If  the  surface  of  the  mercury  is  convex,  standing  higher  in 
the  middle  of  the  tube  than  at  the  sides,  it  is  a sign  that  the 
mercury  is  then  rising.  . | 

a.  But  if  the  surface  be  concave,  or  hollow  in  the  middle,  it 
is  then  sinking.  And, 

3.  If  it  be  plain,  or  rather  a very  little  convex,  the  mercury  j 
is  stationary : for  mercury  being  pul  into  a glass  tube,  espe- 
cially a small  one,  naturally  has  its  surface  a little  convex,  i 
because  the  particles  of  mercury  attract  one  another  more  1 
forcibly  than  they  arc  attracted  by  glass.  Farther, 

4.  If  the  glass  be  small,  shake  the  tube ; then  if  the  air  be  , 
grown  heavier,  the  mercury  will  rise  about  half  a tenth  of  an  i 
inch  higher  than  it  stood  before ; but  if  it  be  grown  lighter,  it 
will  sink  as  much.  And,  it  may  be  added,  in  the  wheel  or  | 
circular  barometer,  tap  the  instrument  gently  with  the  finger, 
and  the  index  will  visibly  start  forwards  or  backwards,  accord-  , 
iug  to  the  tendency  to  rise  or  fall  at  that  time.  This  proceeds 
from  the  mercury's  slicking  to  the  sides  of  the  tube,  which 
prevents  the  free  motion  of  it  till  it  be  disengaged  by  the  shock : \ 
and  therefore,  when  an  observation  is  to  be  made  with  such  a 
tube,  it  ought  to  he  first  shaken  ; for  sometimes  the  mercury 
will  not  vary  of  its  own  accord,  till  the  weather  is  present 
which  it  ought  to  have  indicated. 

BAROSCOPE,  an  instrument  for  shewing  the  weight  of  the 
atmosphere,  frequently  confounded  with  barometer : they  are 
not.  however,  precisely  the  same  ; the  one  being  intended  only 
to  shew  that  the  air  has  weight,  whereas  the  other  measures 
that  weight,  and  determines  its  true  quantity. 

BARREL,  an  English  vessel  or  cask,  which  contains  36  gal- 
lons beer  measure,  and  32  gallons  ale  measure.  The  barrel  of 
beer,  vinegar,  or  liquor  preparing  for  vinegar,  ought  to  contain 
34  gallons,  according  to  the  standard  of  the  ale  quart.  Barrel 
is  also  used  as  a measure  in  various  commodities  ; thus, 

Barrel  of  Essex  butter  is 106  lb. 

Barrel  of  Suffolk  butter 256  lb. 

. . 5 of  herrings  holds 32  gallons  wine  measure. 

Barrel  j an(j  c0nlaiM  about....  1000  herrings. 

Barrel  of  salmon  holds 42  gallons. 

Barrel  of  soap  is 256  lb. 

Barrel,  in  Machinery,  is  also  applied  to  any  thing  hollow  and 
cylindrical,  as  the  barrel  of  a pump,  of  a gun.  of  a watch,  &c. 

BARROW,  Isaac,  a very  eminent  mathematician  and  divine 
of  the  17th  century,  was  born  at  London  in  October,  1630.  and 
died  in  May,  1677,  in  the  47lh  year  of  bis  age.  lie  was  the 
preceptor  and  friend  of  the  celebrated  Newton,  by  whom  only, 
says  Dr.  Pemberton,  he  was  surpassed  in  genius  and  invention. 
Barrow  was  the  author  of  a great  number  of  works  both  on 
theology  and  mathematics. 

BARRY,  in  Heraldry,  is  when  an  escutcheon  is  divided  bar- 
wise,  or  from  side  to  side,  into  any  number  of  compartments, 
with  tinctures  interchangeably  disposed. 

BARTER,  is  the  exchanging  of  one  commodity  for  another, 
and  forms  a rule  in  the  commercial  part  of  arithmetic;  is 
nothing  more  than  simple  proportion,  or  the  rule  of  three,  and 
serves  to  teach  us  not  to  sustain  loss  in  the  exchange  of  goods. 

Rule  1. — Find  the  value  of  that  commodity  whose  quantity  Is 
given ; then  find  what  quantity  of  the  other,  at  the  rate  pro- 
posed, you  may  have  for  the  same  money.— 2.  When  one  has 


Example  1.  What  qnantity 
of  chocolate,  at  4s.  per  lb.  , 
must  be  delivered  in  barter  for  * 
2 cwt.  of  tea,  at  9*.  per  lb. ! 1 

ci ci. 

2 

112 

224 

U 

4)2016  the  value  of  the  tea. 

504  lb.  of  chocolate  must 
be  delivered  in  barter  for  2 cwt. 
of  tea  at  8».  per  lb. 


Exempt*  2.  A and  B barter; 
A hath  20  cwt.  of  prunes,  at 
Ad.  per  lb.  ready  money,  but  in 
barter  will  have  6rf.  per  lb.  and 
B hath  hops  worth  32s.  per  cwt. 
ready  money;  what  ought  B 
to  rate  his  hops  at  in  barter, 
and  wbAt  quantity  must  he 
given  for  the  20  owt.  of  prunes  ? 

16.  d.  d.  a. 
1 caft.=  112  As  4 : 6 : : 32 
20  6 


— - — c.  q.  lb.  40s. 

48|0)1 120(0(23  1 »i|  Answer. 
Wi 


j 16=1  qr.  94  lb. 

I BASALTES,  in  Natural  History,  a heavy  hard  stone,  chiefly 
| black  or  greenish,  consisting  of  prismatic  crystals,  the  number 
1 of  whose  sides  is  uncertain.  This  mineral  always  stands 
1 upright  in  columns,  and  the  British  dominions  present  the 
| noblest  specimens  in  the  known  world  of  columnar  basalt; 
amongst  which,  the  Giant’s  Causeway,  in  Ireland,  stands 

Giant' a Causeway. 


aoods  at  a certain  price,  ready  money,  but  in  bartering  advances 
it  to  something  more,  find  what  the  other  ought  to  rate  his 
goods  at,  in  proportion  to  that  advance,  and  then  proceed 


conspicuous.  It  consists  of  three  piers  of  basalt  columns, 
which  extend  some  hundred  feet  into  the  sea,  surrounded  by 
precipitous  rocks,  from  200  to  400  feet  high,  in  which  there 
are  several  striking  assemblages  of  columns,  some  vertical,  some 
bent  or  iocliucd,  and  some  horizontal,  and  as  it  were  driven 
into  the  rock.  Bengore,  which  bounds  the  Causeway  on  the 
east,  consists  of  alternate  ranges  of  tabular  and  massive,  with 
columnar  basalt.  But  among  the  various  and  grand  objects 
on  this  coast,  Pleskin  is  perhaps  the  most  striking : it  presents 
several  colonnades  of  great  height  and  regularity,  separated 
from  each  other  by  tabular  basalt ; and  at  Fairhead.  the  north- 
east eape  of  Ireland,  and  forming  the  cast  side  of  Ballyrastle 
Bay,  there  is  a range  of  columns  of  from  ten  to  twenty  feet 
diameter,  and  between  200  and  300  feet  high,  supported  upon 
a steep  declivity,  and  offering  to  the  mariner  at  sea  the  spec- 
tacle of  a terrace,  which  towers  nearly  000  feet  above  the 
waves  that  roll  beneath.  Among  the  Hebrides  of  Scotland  the 
isles  of  Ulva,  Goraetra  and  Staffs,  and  Mull,  exhibit  massive 
and  columnar  basaltes,  which  abounds  in  blaek  oxide  of  iron, 
and  bears  a strong  resemblance  to  lava,  yet  tho  lava  of  Mount 
Etna,  in  the  year  1049,  ran  into  the  sea  for  two  leagues  and  a 
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half  without  having  the  least  appearance  of  being  converted 
into  basalte*. 

Chemically  analyzed  Basalte*  end  Lara  girt  the  following  result/. 


Basaltrs  100  parts,  contain 


Lava  100  parts,  contain 


Siliceous  earth  . . . 
Argillaceous 

...  parts  50 1 
10! 

8 

Siliceous  earth  . . 
Argillaceous 

. . . .parts  49 

2 

25 

100 

100 

— 

The  basaltcs  of  Staff*  contains  50  parts  of  flint ; the  lava  of 
Catanca  Mount  Etna.  51  parts;  the  wbinstone  of  Salisbury 
Craig  near  Edinburgh.  46  parts  of  flint ; that  of  ihc  Calton 
Hill  Edinburgh,  50;  and  the  lava  of  Sta.  Vencve,  Etna,  60| 
parts  flint  in  every  100  parts.  These  analogies  are  very 
singular  in  these  marbles ; which  have  been  considered  by 
some  as  crvstallixatious  from  water. 

BASK  of  a FioORC,  in  Geometry,  denotes  the  lowest  part 
of  its  perimeter ; in  which  sense  the  base  stands  opposed  to 
the  vertex,  which  denotes  the  highest  part. 

Bask  of  a right-angled  triangle,  is  properly  the  hypotbenuse, 
though  it  is  generally  used  to  denote  one  of  the  sides  about 
the  right  angle,  the  other  side  being  called  the  perpendicular ; 
this,  however,  depends  totally  upon  the  position  of  the  figure, 
as,  properly  speaking,  that  side  which  is  lowest,  or  on  which 
the  figure  stands,  is  the  base ; and  for  this  reason  that  side  on 
which  a solid  body  stands  is  called  the  base  of  r solid. 

Bass  of  a Comic  Section,  is  a right  line  in  the  parabola  anti 
hyperbola,  formed  by  the  common  intersection  of  the  catling 
plain  and  the  base  of  the  cone. 

Bt*R,  in  Surveying,  is  a line  measured  with  the  greatest 
possible  exactness,  on  which  a scries  of  triangles  arc  con- 
structed, in  order  to  determine  the  position  of  objects  and 
places.  ...  , .. 

BASKERVILLE,  John,  an  eminent  artist  in  letter  founding 
and  printing,  was  born  at  Wovcrlcy  in  Worcestershire,  in 
1706,  and  after  bringing  the  printing  of  books  to  its  greatest 
perfection,  in  Birmingham,  he  died,  without  issue,  in  1776. 

BASSOON,  a musical  instrument  of  the  wind  sort,  blown 
with  a reed,  furnished  with  eleven  holes,  and  used  as  a 
bass  in  a concert  of  hautboys,  flutes,  4tc.  To  render  this 
instrument  more  portable,  it  is  divided  into  two  parts,  whence 
it  is  also  called  a baggot  Its  diameter  at  bottom  is  nine 
inches,  ami  its  holes  are  stopped  like  those  of  a flute. 

BASTION,  In  Fortification,  a large  mas*  of  earth,  fared 
usually  with  sods,  sometimes  with  brick,  standing  out  from  a 


rampart,  whereof  it  is  a principal  part.  The  bajtion  consists 
of  the  face,  flank,  curtain,  and  gorge,  as  marked  in  the  figure. 

BATH,  a receptacle  of  water  in  which  to  plunge,  wash,  or 
bathe  the  body ; and  tbc  water  may  be  either  hot  or  cold, 
natural  or  artificial,  of  fresh  w ater  ot  of  salt.  In  this  country 
we  have  hot  natural  baths  at  Bath,  Bristol,  Buxton,  and  Mat- 
lock,  which  are  all  beneficial  in  diseases  of  the  head,  palsies, 
cutaneous  diseases,  scurvy,  obstructions,  fitc.  The  Russians 
cure  all  disease*  bv  hot  baths,  and;  now.  in  Britain,  vapour 
baths,  as  Captain  Jekyli's,  (see  the  next  figure.)  are  becoming 
very  common.  The  Captain’s  bath  is  also  a portable  machine, 


and  bo  carries  it  about  with  him,  we  believe,  whenever  he 
removes  from  his  residence  in  Somersetshire  to  London. 


BATHING,  immersing  the  body  in  hot  or  cold  water,  or  in 
steam,  madr  as  it  were  a part  of  the  existence  of  the  ancient*. 
But  when  the  vapour  is  passed  through  a cloud  of  burning 
perfumes,  the  bather  is  extended  freely  on  a couch,  and  a 
servant  kneads  the  whole  body  without  causing  the  slightest 
pain,  and  then  rubs  the  skin  with  a fine  glove,  till  it  becomes 
soft  and  smooth  like  silk ; it  is  then  indeed  that  one  experiences 
a universal  comfort,  and  health  resulting  from  cleanliness;  the 
bath  adds  both  to  the  happiness  und  longevity  of  its  votaries. 

BATTALION,  a small  body  of  infantry,  u ranged  in  form  of 
battle,  and  ready  to  engage  an  enemy.  It  consists  of  from 
500  to  1200  men.  armed  with  firelocks,  swords,  aud  bayonets, 
divided  into  13  companies,  one  of  which  is  the  grenadier  com- 
pany. Some  regiments  consist  of  one  battalion,  others  of  *2, 
3.  4,  or  0 battalions. 

BATTERING  Ram,  or  Aries,  an  anrient  military  engine, 
employed  for  destroying  thr  walls  of  fortified  places,  of  which 
there  were  three  different  sorts  ; the  first  rude  and  plain,  the 
others  artificial  and  compound.  The  first  seems  to  have  been 
nothing  more  than  a great  beam,  having  a heavy  head  of  iron, 
which  the  soldiers  bore  in  their  urms,  und  with  one  end  of  it 
assailed  the  walls  by  main  strength : this  of  course  was  worked 
at  a great  expense  of  labour,  and  without  producing  any 
remarkable  effect.  The  second  sort,  as  described  by  Josephus, 
consisted  of  a very  heavy  beam,  headed  with  iron  as  above,  and 
suspended  in  tbe  middle  from  another  strong  beam  supported 


on  two  posts,  which  being  erected  under  the  walls  of  the  place, 
was  swung  backwards  and  forwards  by  the  soldiers,  till,  by 
the  repeated  shocks  thus  given,  the  wall  was  totally  demolished  : 
this  machine  was  sometimes  covered  by  a screen,  in  order  to 
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protect  the  soldiers  from  the  assaults  of  the  enemy.  The 
above  figure  represents  the  second  kind  of  battering-ram 
suspended  ; 2,  the  ram  ; 3,  the  form  of  its  head,  fastened  to 
the  enormous  beam,  by  three  or  four  bands  of  iron,  four  feet 
in  breadth.  At  the  extremity  of  each  of  these  bands,  (4)  was 
a chain  (6)  of  the  same  metal,  one  end  of  which  was  fastened  to 
a book,  (0)  and  at  the  other  extremity  of  each  of  these  chains 
was  a cable  firmly  bound  to  the  Iasi  link.  These  cables  ran  the 
whole  length  of  the  beam,  to  the  end  of  the  ram,  (7)  where 
they  were  all  hound  together  as  fast  as  possible  with  small 
ropes.  To  the  end  of  these  cables  another  was  fixed,  com- 
posed of  several  strong  cords,  plaited  together,  to  a certain 
length,  and  then  running  single  (8.)  At  each  of  these  several 
men  were  placed  to  balance  and  work  the  machine.  10,  the 
chain  or  cable  by  which  it  hung  to  the  cross  beam  i ll)  fixed 
on  the  top  of  the  frame  : 1*2,  the  base  of  the  machine.  The 
unsuspended  ram  differed  from  this,  only  in  the  manner  of 
working  it ; for  instead  of  being  slung  by  a chain  or  cable,  it 
moved  on  small  wheels,  on  another  large  beam. 

Plutarch  informs  us,  that  Mare  Antony, in  the  Parthian  war. 
used  a ram  of  80  feet  long;  and  Vitruvius  says  that  they  were 
sometimes  106.  and  even  120  feet  long,  and  weighed  loO.OtM) 
pounds  ; at  least  this  is  said  to  have  been  the  weight  of  that 
employed  by  the  emperor  Vespasian.  These  battering  rams, 
by  their  own  weight,  and  by  the  action  of  the  men  who  impelled 
them,  excited  a force  which  in  some  cases  exceeded  the  utmost 
effect  of  our  battering  cannon.  Dcsagulicrs  (Lectures,  vol.  i. 
p.  05)  has  demonstrated,  that  the  momentum  of  a battering 
ram,  28  inches  in  diameter,  180  feet  long,  with  a head  of  cast 
iron  of  one  ton  and  a half,  the  whole  ram  weighing,  with  its  iron 
hoops,  41,1 142  pounds,  and  moved  by  the  united  strength  of 
1000  men,  would  only  be  equal  to  that  of  a ball  of  30  pounds 
weight  shot  point  blank  from  a cannon.  And  Atwood,  com- 
paring the  effect  of  the  battering  ram,  having  its  metal 
extremity  equal  to  a twenty-four  pounder,  with  a cannon  hall 
of  24  pounds  weight,  observes,  that  in  order  to  their  producing 
the  same  effect  in  penetrating  a wall  or  making  a breach  in  it, 
the  weight  of  the  ram  must  exceed  that  of  the  cannon  ball  in 
the  proportion  of  the  square  of  1700,  the  velocity  of  the  hall, 
to  tiie  square  of  the  velocity  with  which  the  battering  ram  could 
be  made  to  impinge  against  the  wall,  expressed  in  fret.  Esti- 
mating this  at  ten  feet  in  a second,  the  proportion  of  the 
weights  will  be  that  of  about  2,890,000  to  100,  or  28.000  to  1 ; 
and  therefore  the  weight  of  the  battering  ram  must  be  346  ton. 
Id  this  case  the  ram  and  the  cannon  ball,  moving  with 
the  velocities  of  10  and  1700  feet  in  a second,  would  have  (lie 
same  effect  in  penetrating  any  obstacle;  but  as  the  weight  of 
the  ram  was  probably  never  so  great  as  the  above  supposition 
states  it  to  have  been,  the  force  of  a cannon  hall  to  make  a 
breach  in  walls  must  exceed  that  of  the  ancient  arics  ; but  the 
momentum  of  this,  or  (be  impetus  hy  w hich  it  communicated 
a shock  to  the  whole  building,  was  far  greater  than  the  utmost 
force  of  cannon  halls  ; for  if  the  weight  of  the  battering  ram 
were  no  more  than  170  times  greater  than  that  of  a cannon 
ball,  each  moving  with  its  respective  velocity,  the  momenta  or 
forces  of  both  would  be  equal ; but  as  the  weight  of  this  ancient 
machine  was  certainly  much  greater  than  170  times  that  of  our 
heaviest  cannon  balls,  their  momentum  or  impetus  to  shake  or 
overturn  walls  and  demolish  buildings,  was  much  superior  to 
that  which  is  exerted  by  the  modern  artillery.  And  since  the 
strength  of  fortifications  will,  in  general,  be  proportioned  to 
the  means  which  are  osed  for  their  demolition,  the  military 
walls  of  the  moderns  have  been  constructed  with  less  attention 
to  their  solidity  and  massy  weight,  than  the  ancients  thought 
to  be  a necessary  defence  against  the  arics ; that  sort  of  cohe- 
sive firmness  of  texture  which  resists  the  penetration  of  bodies, 
being  now  moro  necessary  than  in  ancient  times.  The  ram 
was  frequently  used  in  the  fourteenth  century.  Sir  Christopher 
Wren  employed  it  in  demolishing  the  walls  of  the  old  church  of 
St.  Paul,  previously  to  his  bnilding  the  present  structure ; and 
found  no  machine  so  well  adapted  to  this  purpose. 

BATTERY,  in  the  Military  Art,  a parapet,  thrown  np  to 
cover  or  protect  from  the  enemies'  shot,  the  gunners,  and  men 
employed  about  the  guns.  In  this  bank  or  parapet  arc  cut 
holes  or  embrasures,  through  which  the  cannon  arc  projected 
to  be  fired. 

12. 


Battery,  in  Law,  is  beating  another  person  unlawfully,  for 
which  the  remedy  is,  as  for  assault,  by  action  of  trespass 
ri  et  armit,  as  the  lawyers  term  it;  wherein  the  jury  will  give 
adequate  damages. 

Battery,  in  Electricity,  is  a combination  of  coated  sur- 
faces of  glass,  commonly  jars,  so  connected  together  that  they 
may  be  charged  at  once,  and  discharged  by  a common  con- 
ductor. Dr.  Franklin  constructed  a battery  consisting  of 
eleven  panes  of  large  sash  glass,  coated  on  each  side,  and  con- 
nected in  such  a manner,  that  the  whole  might  be  charged 
together,  and  with  the  same  labour  as  one  single  pane;  and 
hy  bringing  all  (he  giving  sides  into  contact  with  one  wire, 
and  all  the  receiving  sides  with  another,  he  contrived  to  unite 
the  force  of  all  the  plates,  and  to  discharge  them  at  once.  Dr. 
Priestley  describes  a still  more  complete  battery  : this  consists 
of  64  jars,  each  10  inches  long,  and  2)  inches  in  diameter,  all 
coated  within  an  inch  and  a half  of  the  top,  forming  in  tbo 
w hole  about  32  square  feet  of  coated  surface.  A piece  of  very 
fine  wire  is  twisted  about  the  lower  end  of  the  wire  of  each  jar, 
to  touch  the  inside  coating  in  several  places ; and  it  Is  put 
through  a pretty  large  piece  of  cork,  within  the  jar,  to  prevent 
any  part  of  it  from  touching  the  side,  by  which  a spontaneous 
discharge  might  he  made.  Each  wire  is  turned  round  so  as  to 
make  a loop  at  the  upper  end  ; and  through  these  loops  passes 
a pretty  thick  brass  rod  with  knobs,  each  rod  serving  for  one 
row  of  the  jars ; and  these  rods  are  made  to  communicate 
together  hy  a thick  chain  laid  over  them,  or  as  many  of  them 
as  may  he  wanted.  The  jars  stand  in  a box,  the  bottom  of 
which  is  covered  with  a tin  plate;  and  a bent  wire  touching 
the  plate  passes  through  the  box,  and  appears  on  the  outside. 
To  this  wire  is  fastened  any  conductor  designed  to  communi- 
cate with  the  outside  of  the  battery  ; and  the  discharge  is 
made  by  bringing  the  brass  knob  to  any  of  the  knobs  of  the 
battery.  When  a very  great  force  is  required,  the  size  or 
number  of  the  Jars  may  he  increased,  or  two  or  more  batteries 
may  be  used.  The  large  and  powerful  battery  of  I)r.  Van 
Marum,  constructed  for  Tayler's  museum  at  Haarlem,  consists 
of  a great  number  of  jars  coated  as  above,  to  the  amount  of 
about  130  square  feet ; and  the  effects  of  it  are  truly  astonish- 
ing. The  annexed  figure  represents  a battery  consisting  of 

sixteen  jars,  coat- 
ed with  tinfoil, 
and  disposed  in  a 
proper  box.  The 
wires,  w hich  pro- 
ceed from  the  in- 
side of  every  four 
of  those  jars,  are 
screwed,  or  fast- 
ened, to  a com- 
mon horizontal 
wire  E.  which  is 
knobbed  at  each 
extremity,  and  by  means  of  the  wires  F,  F,  F,  the  inside  coat- 
ing of  4.  8,  or  12.  or  of  all  the  sixteen  jars,  may  be  connected. 
The  inside  of  the  box  which  contains  these  jars  is  lined  with 
tinfoil.  On  one  side  of  this  box  there  is  a hole,  through  which 
a strong  wire  or  hook  passes,  which  communicates  with  the 
lining  of  the  box.  and  of  course  with  the  outside  coatings  of 
the  jar.  To  this  hook  a wire  is  occasionally  fastened,  which 
connects  it  with  one  branch  of  the  discharging  rod,  B B C A, 
By  means  of  the  battery,  electricity  is  capable  of  producing 
the  most  powerful  effects. 

Experiment!. — A very  slender  wire,  as  x,  being  made  part 
of  the  circuit,  will,  hy  the  discharge  of  the  battery,  instantly 
become  red-hot.  It  sometimes  melts  into  small  globules  of 
different  sizes.  If  between  two  slips  of  window-glass  some 
gold-leaf  be  placed,  and  the  slips  of  glass  he  pressed  firmly 
together,  and  the  shock  from  a battery  be  sent  through  them, 
the  gold-leaf  will  be  forced  into  the  pores  of  the  glass.  If  the 
gold-leaf  be  put  between  cards,  and  a strong  charge  be  passed 
through  them,  it  will  he  completely  fused.  Gunpowder  may 
also  be  fired  by  the  electrical  battery. 

BATTLE,  a general  engagement  between  two  armies,  in  a 
country  sufficiently  open  for  them  to  encounter,  and  at  the 
same  time,  in  front.  See  War. 
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BAYER,  John,  a German  astronomer  of  (ho  17th  century, 
who  published,  in  1003,  an  excellent  work  entitled  “ Urano- 
metrta.”  being  a celestial  atlas,  or  charts  of  all  the  constella- 
tions : he  first  distinguished  the  stars  by  the  letters  of  (he  Greek 
alphabet,  and  according  to  the  order  of  the  magnitude  of  the  \ 
stars  in  each  constellation.  This  work  was  republished  by  ibe  • 
author  in  1027,  tinder  a new  title,  pt>.  •‘Caelum  stellntum  I 
Chrisiianutn here  he  reiecied  the  old  figures  of  the  const  el-  | 
lations,  and  inserted  others  taken  from  the  scriptures : but 
this  innovation  was  not  relished;  and  accordingly  we  find, 
that  in  tbe  later  editions  of  1664  and  1661,  the  ancient  figures 
and  names  were  restored  again. 

BEAMS,  in  NaTal  Architecture,  strong  thick  pieces  of  tim-  | 
her,  stretching  across  the  ship  from  side  to  side,  to  support 
the  decks,  and  retain  the  sides  at  their  proper  distance,  with 
which  they  are  firmly  connected  by  meaos  of  strong  knees. 
They  are  sustained  at  each  end  by  thick  planks  in  the  ship's 
tide  called  clamps,  upon  which  they  rest. 

Midship  Beam.  the  longest  beam  in  a ship,  being  lodged  in 
the  midship  frame,  or  between  the  widest  frame  of  timbers. 
At  about  two-third*  of  the  height  from  the  keel  to  the  lower 
deck,  are  laid  a range  of  beams  to  fortify  the  hold  and  support 
a platform  called  the  orlop,  which  contains  the  cables  and 
stores  of  the  ship.  There  are  usually  twenty-four  beams  on 
the  lower  deck  of  a ship  of  seventy-four  guus,  And  to  the  other 
decks,  additional  ones  in  proportion  as  the  ship  lengthens 
above.  It  is  necessary  that  the  beams  should  hate  a greater 
height  in  the  middle  than  at  the  two  ends,  to  carry  the  water 
mote  readily  off  from  the  decks,  mid  to  diminish  the  recoil  of 
the  guns,  which  will  thereby  more  easily  return  to  their  places. 

Orlop  Beams,  support  the  orlop  deck,  but  are  ekiefiy  intended 
to  fortify  the  hold. 

Oh  the  Beam,  implies  any  distance  from  a ship  on  a line  with  , 
the  beams,  or  alright  angles  with  the  keel. 

11 1 fore  the  Beam,  is  an  arch  of  the  horizon,  comprehend ed 
between  a line  that  crosses  her  length  at  right  angles,  and  some  ■ 
object  at  a distance  before  it ; or  between  the  line  of  the  beam 
and  that  point  of  the  coaipns*  which  she  stems. 

On  the  Weather  Beam,  on  the  weather  side  of  the  ship. 

Ur  am  ends,  a ship  is  said  to  be  on  her  brain  cads,  when  she  j 
inclines  very  much  on  one  side,  so  that  her  beams  approach  to 
a vertical  position  ; hence  also  a person  lying  down  is  said  to  , 
be  on  his  beam  ends. 

Beam  of  a Jia/aner,  the  horizontal  piece  of  iron  from  the 
ends  or  w hich  the  scales  are  suspended. 

Beam  Compost.  Sea  Compass. 

BEAR,  Great  and  Little,  in  Astronomy,  the  same  as  Ursa 
Major  and  Ursa  Minor,  which  see. 

BEARD  of  a Comet,  the  ray:s  which  it  emits  in  the  direction 
in  which  it  moves,  as  distinguished  from  the  tail,  or  the  rays 
emitted  or  left  behind  it  ns  it  moves  along,  being  always  in  a 
direction  from  the  sun.  See  Comet. 

BEARING,  in  Geography  and  Navigation,  the  position  of 
one  place  with  regard  to  another,  as  estimated  by  the  points 
of  the  compass.  Thus  a place  is  said  to  bear  north-east,  or 
north-north-east,  Ac.  meaning,  that  it  lies  from  your  present 
situation  iti  those  directions. 

BEBR-Drawiso  Machines  arc  contrivances  by  means  of 
which  the  beer  is  drawn  from  several  casks  at  once,  from  cocks 
standing  in  a frame,  in  the  bar  of  a tavern,  or  any  convenient 
place  above  a cellar.  These  machines  are  merely  an  assent, 
blag*'  of  small  pumps,  either  sucking  or  forcing,  whose  pipes 
of  communication  arc  attached  to  the  lower  parts  of  the  respec- 
tive casks  from  which  the  liqoor  is  drawn.  The  motion  is 
given  to  the  piston  sometimes  by  levers,  at  others  by  cranks ; 
but  most  frequently  by  means  of  a hammer-formed  lever  mov- 
ing in  a vertical  plane. 

BEES.  There  is  no  kind  of  stock  in  which  a purchaser  is  so 
easily  deceived  as  that  of  a hive  of  bees.  The  follbwiug  arc 
the  best  criterious  by  whic^  to  judge  of  its  value.  If  a hive  bo 
purchased  in  the  spring,  it  should  never  weigh  less  than  fifteen 
pounds  ; if  in  the  autumn,  never  less  than  thirty  ; and  if  it  be  a 
stock  hive,  its  weight  should  be  forty  pounds,  for  all  old  hives 
contain  a certain  portion  of  the  lee  bread.  Great  caro  should 
be  taken  in  weighing  a hive,  lest  the  comb  should  bo  shaken, 
and  so  loosened.  The  middle  of  the  day  is  the  best  time  to 


dioose  a hive,  and  the  following  points  should  be  striutly 
attended  to: 

1.  The  more  numerous  the  bees  which  enter  the  hive  with 
yellow  balls  or  pellicles,  the  better  the  hive  is. 

2.  The  drones  should  likewise  be  numerous. 

% The  activity  of  the  bees ; for  if  they  saunter  about,  and 
then  re-enter  the  hive  w ithout  taking  wing,  it  is  a bad  symptom. 

4.  The  courage  they  display  in  repelling  the  strange  bees. 

6.  The  number  of  bees  who  remain  at  the  entrance  of  the 
hive  fanning  with  their  wings— the  greater  the  internal  popula- 
tion : this  ciroumstanee  is  a strong  proof  of  the  excellence  of 
a hive. 

6.  A swarm  should  always  he  put  into  a new  hive. 

7.  The  examination  of  a stock-hive  mny  be  pursued  with 
Safety,  however  courageous  the  bees  may  appear,  by  smoking 
a little  tobacco  near  the  hive.  But  as  it  may  happen  that  the 
unskilful  apiarian  may  lie  stung,  the  sling  should  be  imme- 
diately extracted,  and  a little  goukird  water,  or  laudanum,  or 
sweet  oil,  instantly  applied  to  it.  The  mid  day  is  a belter  time 
for  the  examination  of  a hive  than  the  evening ; and  lb*  editor 
of  this  work  performed  this  very  operation  on  the  day  he 
penned  these  observations. 

Internal  Appearanett  of  a food  litre. — 1.  The  hive  should  be 
crowded  with  bees. 

2.  Tbe  combs  should  be  yellow ; if  of  a blackish  tint,  reject  it. 

3.  The  aide  combs  should  be  filled  with  honey  ; this  may  be 
known  by  their  being  sealed  op. 

4.  A number  of  queen-bee  cells  (which  resemble  inverted 
cupping  cups)  is  a sign  that  it  is  a very  old  lave;  it  should 
therefore  \m  rejected. 

6.  If  an  unpleasant  odour  issue  from  thuhivf,  it  is  unhealthy. 
Tbe  sruell  of  a healthy  hive  resembles  that  of  heated  wax,  par- 
taking at  the  same  time  of  the  fragrance  of  honey.  Two  or 
three  bees  should,  however,  be  sacrificed. to  ascertain  the  state 
of  the  bees:  if  the  substance  in  the  stomach  be  of  a yellowish 
colour,  and  smelling  somewhat  like  honey,  the  bees  are  in  good 
health;  if,  on  the  contrary,  it  be  blackish,  with  a lend  smell, 
the  dysentery  reigns  among  them. 

6.  if  dark  liquid  spots  arc  seen  ©n  the  board  of  die  hire,  it 
is  a had  sign  ; the  dysentery  is  making  ravages  within;  and  if 
a great  number  of  small  particles  of  wax  are  also  observed,  (he 
hive  is  infested  with  moths. 


7.  If  the  wings  of  the  bee«  are  ragged  awl  torn,  the  hive  is 
old— have  nothing  to  do  with  it.  The  hive  should  be  carefully 
removed  in  the  evening;  the  bole  of  entrance  should  be  stop- 
ped up  with  clay,  as  well  as  every  other  crcvire  through  which 
a tree  could  make  its  escape.  Let  them  settle  half  an  hour 
before  the  clay  is  removed.  The  hives  should  stand  on  sepa- 
rate pedestals  a yard  apart. 

Among  the  various  plans  proposed  for  the  cultivation  of 
bees,  wc  shall  notice  in  this  place  Milton’s  newly  invented 
double-topped  Straw  Hive. 

Proceed  to  hive  a swarm  in  the  lower  part  of  the  hive  in  the 


usual  way.  as  in  the  figure.  The  board 
at  the  t«q»  must  he  kept  dose,  by  secur- 
ing the  openings  by  means  of  a thtinh* 
screw,  so  that  whew  first  hived,  the 
hole*  of  both  boards  shaH  not  corre- 
spond, and  by  thus  turning  the  upper 
board,  it  will  prevent  the  bee*  from 
parsing  through  while  hiving.  At 
night,  briug  the  hive  into  the  bcc-boose, 
or  where  you  intend  it  should  stand  ; in 
about  two  days  after,  place  on  the 


glasses,  as  in  the  figure,  (p.89.)  over  their  respective  openings, 
and  stop  them  round  with  mortar ; after  which,  turn  the  board  H 
to  admit  (be  bees  to  ascend  for  (he  purpose  of  working,  cover 


the  glasses  wiih  the  small  upper  hive.C.nnd  do  not  look  at  them 


for  a few  days.  Indeed,  nothing  will  then  be  necessary,  hot  to 
ascertain  when  they  are  filled,  which  is  known  hy  the  ceH  being 
scaled  over,  which  you  may  expect  in  about  twenty  days  after  a 


swarm  has  been  hived. 


When  you  wish  to  lake  the  hooey,  and  to  remove  all  the 
glasses,  turn  the  board  to  exclude  the  bees;  then  with  a thin 
knife  loosen  them  from  the  adaptor;  leave  them  thus  for  about 
an  hour : then  carry  the  glasses,  inverted,  a short  distance 
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from  the  hive  into  the  shade ; or  raije 
the  glasses  with  a small  wedge,  and 
those  few  bees  which  remain  will  rea- 
dily leave,  and  return  to  their  original 
hive.  This,  if  effected  early  in  the 
season,  will  afford  you  the  opportu- 
nity of  immediately  replacing  the 
same,  or  another  set  of  glasses,  to  b« 
again  Oiled. 

If  you  wish  at  any  time  to  take  only 
one  or  two  of  the  glasses,  with  honey, 
do  not  torn  the  board,  but  loosen  such 
glasses  ns  pu  are  desirous  to  remove, 
with  a thin  knife,  set  them  on  a 
divider,  and  replace  others  in  tbelf 
stead.  The  middle  of  a fine  day  is  the 
best  time  to  remove  glasses.  It  will 
not  be  advisable  to  take  any  houcy  from 
the  bivc  after  the  cad  of  July,,  as 
the  remaining  part  of  ibe  season  might 
not  prove  favourable  In  the  gathering 
enoughforwinter  support ; tbereforett 
will  be  necessary,  about  this  lime,  or  early  in  August,  to  remove 
all  the  glasses  and  turn  the  board,  to  finally  shut  them  up.  It 
may  be  well  to  mention,  that  those  glasses,  only  partly  filled  with 
oombs,  should  be  carefully  set  aside,  to  be  placed  on  again  tho 
following  April ; if,  however,  you  find  the  stock  will  require 
feeding,  you  have  only  to  leave  one  or  dime  of  the  glasses  with 
honey  for  that  purpose,  wteeb  is  by  far  the  best  mode. 

Thus  much  for  the  swarm,  which  we  now  leave  till  the  follow- 
ing April — the  time  to  again  commence  working  the  glasses,  as 
hives  are  now  full  of  combs  and  brood:  should  the  season  prove 
favourable,  you  will  work  the  glasses  twice  or  more,  and  you 
may  calculate  upon  equal  success  every  subsequent  year-,  but 
the  first  scasoo  you  cauaol  expect  a swarm  to  fill  lire  glasses 
more  than  once,  which  will  prodocc  you  Bibs  of  the  finest 
huney.— This  method  of  management  will  not  prevent  the  bees 
from  swarming. 

Tbe  honey  thus  obtained  will  bo  of  the  finest  quality,  pore, 
free  from  ibe  young  brood,  of  remarkably  fine  fragrance,  clear, 
and  very  superior  to  any  produced  from  coniutuu  hives;  it 
may  also  be  taken  at  pleasure,  without  injury  to  llic  bees ; 
especially,  without  being  obliged  to  resort  at  aAy  time  to  the 
painful  process  of  smothering  these  industrious  and  valuable 
insects. 


The  Double  Cot  tape  Straw  Hive. — This 
hive,  for  use,  will  answer  many  purposes 
in  tho  keeping  of  bees,  as  you  may  work 
either  a glass  or  a small  straw  hive  on 
the  top  of  it,  which  gives  it  aa  ad- 
vantage over  tbe  common  hive,  al- 
though the  method  of  management  is 
simple,  and  the  price  easy. 

Prepare  this  hive  far  a swarm  by 
spreading  mortar  round  the  crown,  to 
carry  the  adapter  to  support  a glass  or 
small  straw  hive,  as  you  may  work  with 
either.  Hive  the  swarm  as  usual,  tak- 
ing care  to  secure  tbe  opening  at  the 
top  ; after  removing  it  to  its  appointed 
place,  let  the  .swarm  work  for  ten  days; 
dear  the  opening  at  the  top,  and  affix 
on  cither  a glass  ora  small  straw  hive: 
the  bees  will  then  ascend  to  work. 
Stop  the  upper  hive  round  with  mortar 
to  tho  adapter,  and  darken  it  with  a 


common  hive ; in  the  course  of  from  fifteen  to  twenty  days 
examine  it,  and  if  full,  take  the  honey  thus  pass  a knife  or 
wire  between  the  adapter  nod  small  hive,  to  separate  tbe 
oombs:  then  remove  the  smaU  hive  of  honey  on  a divider, 
fa  tin  or  brass  plate,  twelve  inches  square,)  it  will  then 
be  immediately  necessary  to  place  a small  hive  on  ike  adapter, 
or  stop  the  opening  till  you  wish  to  work  another  hive.  Carry 
the  small  hive  now  on  tbe  divider  a short  distance  away,  or 
rather  into  a darkened  room ; invert  it,  and  place  over  U a 


small  empty  hive  of  the  tame  sine  ; keep  them  steady,  and,  by 


lapping  round  the  bottom  hive,  the  bees,  in  a few  roi notes,  will 
ascend  to  the  hive  aim  re : carry  them  to  within  about  two 
yards  of  their  original  slock,  shake  them  out,  and  they  will 
enter  again  as  usual. 

A Superior  Ho*  Hive. — This 
box  hive  consists  of  three  di- 
visions, as  shewn  in  the  figure, 
and  is  so  iagcniou&ly  construct- 
ed, that  you  may  take  the  finest 
honey  without  destroying  tbe 
bees ; you  may  also  work  a 
glass  hire  on  the  top,  and  in- 
spect the  whole  of  their  eu  rioux 
and  interesting  labours  with- 
out disturbing  them. 

When  you  place  a swarm  in 
this  hive,  shut  the  slider  of 
the  adapter  F,  tie  a small  cord 
round  to  secure  the  parts, 
hive  tbe  swarra  in  the  usual 
manner ; at  night  bring  it  into 
your  bee-house,  or  appointed 
place,  open  the  entrance  at 
the  bottom,  and  remove  the 
cord  ; if  you  work  a glass  hire 
on  the  top,  place  it  on  the 
same  evening,  atop  it  round, 
draw  back  the  slider  to  clear 
the  grating,  leave  it  a few 
minutes,  and  the  bees  will 
ascend  for  working.  Then 
raise  the  two  upper  divisions, 
to  enable  you  to  remove  the  bottom  division,  and  by  the  com- 
pression you  oblige  the  bees  to  Work  in  the  glass  hire,  which 
should  be  darkened  with  its  proper  cover  G,  and  left  for  a few 
days  without  bring  looked  at;  it  will  be  neecsaary  to  replace 
the  unemployed  division  at  the  bottom  four  or  five  days  pre- 
vious to  the  removal  of  the  glass  of  honey  ; in  removing  which, 
shut  tbe  slider,  and  leave  it  in  this  state  for  an  hour;  then 
fellow  those  plain  directions  already  laid  down  for  tbe  removal 
of  glass  and  double-lopped  straw  hives. 

If  you  wish  to  take  more  honey  from  this  hive  than  the  glass 
affords,  examine  the  divisions  early  in  September:  if  the  three 
are  foil,  vis.  the  two  upper  Uvea  of  honey,  and  the  bottom  of 
combs,  and  not  ukerwue,  proceed  to  remove  the  fillets  of  the 
top  division,  and  pass  ibe  brass  divider  between  those  parts, 
where  it  should  remain  for  an  hour;  then  raise  the  division 
with  a wedge,  and  draw  hack  the  slider  of  the  adapter  to  let 
the  bees  out,  and  when  clear,  wthkh  will  be  in  a few  minutes, 
remove  this  division,  aad  place  the  adapter  to  the  next  divi- 
sion, and  by  withdrawing  tbe  divider  it  will  fit  close  down; 

when  you  have  taken  out  the 
combs  of  honey  from  Ibis  divi- 
sion, it  should  be  replaced  at 
the  bottom:  consequently  .every 
year,  or  once  in  two  years,  you 
give  them  as  it  were  a fresh 
division,  as  in  the  annexed 
figure,  or  part  of  a hive  to  re- 
build in,  which  keeps  ibe  bees 
constantly  at  work,  and  the 
co nobs  in  a good  stale  of  pre- 
servation. 

The  Her  nan*  Bex  Him  and  Straw  Hive,  with  slider  and  grat- 
ing. for  working  a large  glass  hive  on  the  top,  consists  of  n 
box.  as  represented  in  tbe  annexed  figure,  having  large  glass 
windows,  and  s importing  a glass  hire  on  the  top.  Whew 
well  supplied  with  bees,  this  hive  affords  the  pleasing 
opportunity  of  viewing  tho  progress  of  their  labours,  and 
exhibits  a very  interesting  and  beautiful  appearance. 

To  hive  a swarm,  shut  the  slider  over  the  grating,  and  then 
proceed  as  before  directed.  When  a glass  hive  is  to  bn 
worked,  follow  the  instructions  already  given  with  the  supe- 
rior box  hive.  The  hexagon  hive  is  well  calculated  to  work 
bees  from  other  hives,  particularly  the  common  hive,  especially 
when  they  are  in  a state  of  decay;  it  k elected  merely  by  with 
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drawing  the  slider  clear  of  the  grating,  and  placing  the  com-  f 
mon  hire  over  it  in  the  evening,  taking  care  to  atop  the  entrance 
of  the  former  w itli  clay.  The  ' 

bees  will  of  course  then  en- 
ter at  the  bottom,  and  when 
they  have  worked  the  bottom 
hive  nearly  full,  which  you 
ascertain  by  means  of  the 
windows,  carefully  lift  them 
up,  and  place  under  them 
another  hexagon  hive  ; con- 
scqucntly,  this  colony  con- 
sists of  three  hives,  and  it 
wilt  not  be  safe  to  remove 
the  upper  hive,  unless  the 
bees  have  worked  combs 
into  the  bottom  hive,  which,  if  effected  at  the  end  of  the  season.  | 
you  may  safely  take  the  common  hive,  with  its  contents. 

The  flnt-toppcd  straw  hive,  described  by  Mr-  Wildman,  is 
directed  to  he  used  in  a similar  manner,  answering  the  purpose 
only  to  a certain  extent,  as  it  docs  not  admit  of  windows,  to 
enable  you  to  know  when  the  bees  have  finally  worked  down.  . 

'The  Common  Hire,  as  here  represented,  is  in  such  general  i 
use  in  this  country, that  it  requires  hut 
little  observation,  except  on  some 
essential  points,  which,  to  benefit  the 
cultivator,  ought  to  be  attended  to. 

First,  care  should  be  taken  to  have  the 
hive  made  of  clean  and  good  straw, 
and  manufactured  of  a suitable  thick- 
ness- Secondly,  a hive  should  he 
chosen  in  proportion  to  the  size  of  the 
swarm  : unrf  when  you  have  succeeded 
in  obtaining  n good  hive,  and  placed  a swarm  in  it,  which  1 
should  fill  it  to  within  a rim  or  two  of  the  bottom,  shelter  it  j 
from  cold  winds  and  rain ; for  if  once  the  wet  penetrates  a 
hive,  it  affects  the  combs,  and  the  bees,  getting  a distaste  for  [ 
their  home,  will  work  very  slowly,  and  often  desert  it  altogr-  j 
thcr.  It  is  not  material  in  what  aspect  the  slock  stands,  pro- 
vided the  sun  shines  on  the  hive  onctrin  the  course  of  the  day. 
Well-peopled  hiv*s  kept  dry,  will  thrive  in  any  situation. 

One  ol  those  fatal  incidents  to  which  this  hive  is  subject, 
occurs  through  covering  tt  with  a hackle  or  turf,  by  which  you 
entice  the  mouse  to  make  a nest  on  the  top* and  ultimately  eat 
its  wav  through  the  crown  of  the  hive,  and  destroy  both  combs 
and  bees.  About  August,  the  robbing  commences  by  stranger 
bees  and  wasps,  which  is  hut  little  regarded : an  important 
benefit  will  be  derived  by  destroying  tbe  queen  wasp,  seen 
about  April,  which  is  the  mother  of  thousands  ; much,  there- 
fore, is  saved  in  tbe  preservation  of  those  hives  which  stand 
the  winter. 

In  September,  your  attention  should  be  directed  to  weigh 
your  stocks  ; none  of  those  of  less  than  from  fifteen  to  twenty 
pounds  in  weight  can  safely  be  relied  on  to  stand  the  winter, 
without  feeding ; and  stop  all  Lives  down  to  the  board  with 
mortAr. 

Pasturage,  or  Bre-Flowtrt. — Bees  are  fond  of  those  places 
where  their  favourite  flowers  are  to  lie  found  ; therefore  bee- 
keepers should  encourage  the  growth  of  such  shrubs  and 
flowers  as  are  known  to  supply  honey  and  wax  in  the  greatest 
abundance;  in  most  situations  bees  do  not  fly  far  for  food, 
generally  not  more  than  half  a mile ; they  may  be  observed  to 
return  with  great  precipitation  to  the  hive  when  rain  or  a storm 
approaches.  The  following  are  the  most  favourable  for  pas- 
turage, and  those  which  blossom  early  arc  the  most  desirable  : 

Shrubs,  S^e. — All  fruit  trees,  lime  trees,  furze,  broom,  heath, 
sallow  or  gray  willow,  rosemary,  barberry  tree,  gooseberry, 
raspberry. 

Flowers. — Hyssop,  mustard  ; turnips,  cabbage,  and  white  clo- 
ver, left  for  seed  ; beans  iu  bloom,  mignonette,  lemon  thyme, 
garden  and  wild  thyme,  borage,  winter  savory. 

Mignonette,  borage,  and  lemon  thyme,  are  the  principal,  as 
they  continue  long  in  bloom,  and  afford  the  finest  honey. 
Rosemary  is  also  a great  favourite,  but  seldom  supplies  much 
honey,  unless  the  weather  proves  very  hot  and  dry  when  it  is 
io  blossom,  yet  it  is  worth  cultivating,  especially  iu  a southern 


aspect,  being  one  of  the  principal  aromatic  plants  from  which 
the  bees  in  l lie  neighbourhood  of  Narhonnc  collect  their  honey, 
and  it  is  esteemed  the  finest  in  Europe.  Kidds  of  beans, 
white  clover,  and  buck-wheat,  are  of  great  benefit.  Rivers  or 
streams  of  w ater  are  also  very  beneficial,  as  bees  make  use  of 
a great  dcBl  of  water. 

Suarmtug,  or  the  stock-hive  casting  part  of  its  inhabitants 
for  a fresh  colony,  depends  on  the  increase  of  bees,  and  a 
queen  being  ready  to  lead  them.  Their  breeding  begins  sonnet 
or  later,  according  to  the  forwardness  of  the  spring,  the  fruit- 
fulness of  the  queen,  and  the  strength  of  the  hive.  When  bees 
carry  in  farina  or  pellets  on  their  thighs,  it  denotes  they  have 
commenced  breeding,  which  may  be  as  early  as  February,  and 
not  finish  till  October;  and  when  their  number*  arc  much 
increased,  they  shew  the  indications  of  swarming,  by  their  clus- 
tering in  great  quantities  hclow  the  resting  board.  They  never 
rise  but  on  a fine  day,  and  sometimes  will  settle,  and  for  some 
cause  return  to  the  stock,  probably  for  want  of  a queen  being 
with  them.  Nome  Lives  will  cast  three  times,  but  mostly  only 
twice.  The  second  cast  you  may  expect  within  three  or  four 
days,  and  never  later  than  ten  days  after  the  first.  Should  a 
stock  overswarm  itself,  it  will  perish,  unless  strengthened;  this 
may  be  ascertained  by  observing  the  quantity  of  bees  after- 
wards seen  to  enter.  It  is  necessary  in  the  swarming  season, 
from  April  to  July,  particularly  in  May  and  June,  to  observe 
the  hives  on  a fine  day ; in  general,  tbe  bees  issue  forth  in  new 
colonies,  about  noon— from  nine  to  about  three  in  the  after- 
noon. 

Hiring. — Bee-keepers  should  have  spare  hives  prepared  to 
hive  the  bees  as  soon  as  they  have  settled  ; for,  should  the 
sun  shine  hot  on  the  swarm,  it  may  take  another  flight,  and  you 
may  possibly  lose  it  The  manner  of  hiving  them  must  bo 
regulated  by  the  nature  of  the  place  on  which  they  settle.  Tbe 
custom  of  preparing  hives  varies;  a clean  new  hive  only 
requires  the  loose  straw  to  be  rubbed  off  witb  a cloth;  if  any 
dressing  be  used,  fennel  dipped  in  boiled  ale  and  sugar  will 
best  answer  the  purpose.  Have  ready  a cloth  whereon  to 
place  the  hive,  and  a wedge  to  raise  it:  if  tbe  swarm  should 
settle  on  a branch,  shake  the  best  part  of  it  into  the  hive,  place 
it  on  the  cloth  on  the  ground,  and  continue  to  disturb  the  swarm 
where  it  settled,  and  the  hive  being  left  underneath,  they  will 
all  go  in  ; or  cut  the  branch  off,  and  gently  place  it  in  the  hive. 
Should  the  bees  settle  on  the  ground, place  the  hive  over  them; 
and  though  bees  are  not  apt  tosting  at  this  lime,  the  hiving  should 
be  performed  quietly.  Avoid  talking  and  breathing  on  them, 
and  if  you  crush  any  of  them  they  will  resent  it;  therefore,  to 
prevent  accident,  invariably  put  on  gloves  and  a veil,  which 
will  give  you  confidence.  All  swarms  are  to  be  sheltered,  and 
left  near  to  where  they  settle  till  the  evening;  thence  to  be 
removed  very  gently  to  the  appointed  place. 

Vnitbtg  Swarms,  and  reinforcing  Stocks. — It  is  essential,  when 
you  have  weak  swarms  of  bees,  that  you  should  strengthen 
them.  The  idea  so  prevalent,  of  the  greatest  number  of  hive* 
producing  the  most  honey  and  wax,  is  erroneous ; for  great 
part  of  the  bees  are  necessarily  employed  in  rearing  tbe  young, 
and  therefore  the  number  of  those  who  are  occupied  in  col- 
lecting honey  is  not  so  great  as  has  been  imagined  ; for  every 
swarm,  the  least  as  well  as  the  greatest,  is  provided  with  a 
queen,  equal  in  fecundity  to  the  queen  of  the  larger  stock,  and 
as  the  brood  she  brings  continually  demands  tbe  labour  and 
attendance  of  nearly  half  the  bees,  this  circumstance  renders 
the  other  moiety,  from  the  smallness  of  their  number,  unable 
to  accumulate  a large  quantity  of  honey  in  the  short  time  it 
mostly  abounds,  and  therefore  honey  cannot  be  obtained,  in 
glass  hives  or  otherwise,  but  from  a strongly-peopled  hive. 

The  Method  of  Uniting: — Hive  the  swarms  or  casts  in  the 
usual  way.  and  in  tbe  evening  spread  a doth  on  tbe  ground, 
near  the  hive  to  be  reinforced ; bring  tbe  new  swarm,  and 
strike  it  down  flat  on  the  ground.  Tbe  bees  will  then  fall  in  a 
cluster ; quickly  place  over  them  the  stock  to  be  reinforced ; in 
ten  minutes  they  will  have  united  and  become  as  one  family, 
to  be  removed  the  same  evening  to  its  former  situation. 

Another  Method  of  Uniting:— Each  cast  or  swarm  to  be 
hived  separately  ; in  the  evening,  turn  tbe  crown  of  the  hive 
into  a pail,  and  set  the  other  hive  exactly  over  it ; in  the  mora* 
ing,  the  bees  from  the  bottom  hire  will  have  ascended. 
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The  system  of  uniting,  so  very  important,  is  bat  little  prac- 
tised. and  has  been  overlooked  by  many  cultivators  ; but  we 
are  thoroughly  convinced,  from  experience,  that  it  is  absolutely 
necessary  to  have  hives  well  peopled,  and  completely  sheltered 
from  wet,  which  are  the  principal  and  main  objects  to  be 
attended  to  in  the  art  of  bee-keeping  ; and  the  advantages  of 
uniting  swarms  will  be  found  particularly  beneficial  in  working 
the  glasses  with  the  newly-invented  double-topped  hives. 

Feeding. — With  the  aid  of  feeding,  it  is  perfectly  easy  to 
bring  any  hive  of  bees  through  the  winter;  but  to  ensure  the 
success  of  a very  light  stock,  it  is  essential  to  keep  it  also  very 
warm  and  dry.  Feeding  is  absolutely  necessary  when  you 
have  taken  more  honey  than  the  hive  can  alTord,  by  the  means  of 
small  hives  or  glasses.  Such  stocks  as  arc  intended  to  be 
kept  through  the  winter  should  weigh  twenty  pounds  or  up- 
wards, at  the  end  of  September;  but  casts  and  late  swarms 
seldom  attain  this  weight,  unless  two  or  more  should  have  been 
united.  The  composition  for  feeding  consists  of  moist  sugar 
and  new  beer,  in  the  proportion  of  one  pound  of  sugar  to  a 
pint  of  beer,  simmered  to  the  consistency  of  treacle : to  be 
inserted  into  the  hives  by  means  of  small  troughs,  at  night, 
and  removed  the  next  morning  early.  Should  a hive  be  very 
poor  and  weak,  it  is  better  to  feed  in  larger  quantities  each 
time. 

Feeding  Machine. — The  annexed  improved  machine  for  feed- 
ing bees,  will  suit  all  descriptions  of  hives  : — Prepare  a board 
a little  larger  than  the  bottum 
of  the  hive,  in  the  centre  of 
which  make  an  opeuing  about 
ten  inches  diameter ; then  form 
a frame  of  half-inch  deal,  to 
consist  of  four  sides,  each  about 
twelve  inches  by  three  inches ; 
make  the  angles  firm  with  small 
wooden  blocks,  to  which  affix 
the  before-mentioned  board.  A 
door  should  then  be  made  in  the  side  of  the  frame,  sufficiently 
large  to  admit  a deep  plate  or  a small  disb,  to  contain  the 
food.  By  the  use  of  tliis  machine,  the  bees  are  fed  quietly,  and 

rotected  from  the  cold  weather,  and  the  intrusion  of  other 

ees.  It  is  scarcely  necessary  to  observe  further,  that  the 
door  of  the  machine  should  face  such  part  of  the  bee-house  as 
best  suits  your  convenience.  The  disb  of  food  to  be  placed 
under  should  be  covered  with  a piece  of  thick  paper  the  size 
of  the  plate  or  dish,  pierced  in  holes,  through  which  the  bees 
will  feed  ; and  a quantity  of  short  pieces  of  straw  also  put  into 
the  dish,  will  prevent  the  bees  from  daubing  themselves.  They 
should  be  fed  at  night,  and  the  dish  only  taken  away  early  on 
the  following  morning ; to  do  this,  you  should  cover  your  face 
and  hands.  The  autumn,  and  early  part  of  the  spring,  arc 
tiroes  proper  to  examine  if  any  hives  require  feeding ; but 
always  commence  before  the  stock  is  in  absolute  want  of  food, 
otherwise  the  bees  will  be  so  poor  and  weak  as  to  be  unable 
to  come  down. 

Money. — Honey  differs  much,  according  to  the  season  of  tbe 
year  when  gathered;  that  obtained  in  the  spring  is  of  much 
the  finest  quality  ; the  fragrance  and  richness  of  which  depends 
greatly  on  the  pasturage.  To  judge  of  the  best  honey,  it 
should  be  of  a bright  pale  colour,  thick,  and  a little  aromatic. 
To  obtain  it  from  the  combs  in  its  pure  slate,  it  must  be  left  to 
run  from  them  without  pressing.  The  properties  of  honey  are 
much  esteemed,  and  have  been  noticed  by  an  eminent  French 
physician.  Dr.  Lemery.  in  a treatise  on  foods,  in  which  he 
says, 44  Honey  heats  and  strengthens  the  stomach,  is  of  a leni- 
tive nature — produces  nourishment,  helps  respiration,  and  is 
particularly  good  for  those  of  cold  and  phlegmatic  constitu- 
tions." 

The  newly  invented  double-topped  straw  hive,  and  the  other 
hives  described  in  this  article,  and  every  necessary  apparatus 
connected  with  the  apiary,  may  bo  obtained  at  the  Repository, 
176,  Strand;  but  the  following  instructions  are  from  Huish’a 
work  on  bees  ; and  the  lluish  Hive,  which  differs  entirely  from 
the  above,  may  be  had  at  No.  206,  Piccadilly. 

Huish's  hive  is  of  straw,  and  resembles  a tlowcr-pot  inverted, 
as  represented  in  the  annexed  figure,  with  a convex  coveting 
of  straw  also.  When  the  top  a is  removed,  several  laths  arc 


seen,  as  in  &,  to  which  the  bees  attach  their  combs,  and  are 
prevented  from  getting  up  into  the  top  by  means  of  a net  which 


covers  the  laths,  c represents  a lath  and  comb  attached  to  it, 
i which  may  be  easily  removed,  according  to  the  following 
j instructions  for  September. 

January. — Tlio  bees  begin  to  shew  some  small  degree  of 
activity  in  this  month,  when  the  weather  is  fine,  if  they  are 
well.  The  snow  should  be  carefully  brushed  off  the  tops  of  the 
hives,  and  it  will  be  of  service  to  the  bees  to  turn  the  hives 
carefully  up  when  the  day  is  warm,  and  admit  a portion  of 
pure  air  into  them.  Bad  smells  and  bad  air  are  as  prejudicial 
as  bad  food  to  bees.  If  the  bees  shew  symptoms  of  dysentery, 
salt  and  port  wine  should  be  mixed  with  their  food,  or  diluted 
brandy. 

February. — Bees  should  be  well  fed  with  the  following  syrup. 
A pint  of  ale.  a pound  of  sugar,  half  an  ounce  of  suit,  boiled 
well,  and  carefully  skimmed:  when  cold,  this  mixture  will  be  of 
l the  consistence  of  honey.  The  stools  should  be  cleaned  this 
I month,  and  sprinkled  with  salt.  The  mouth  of  ibe  hive,  which 
I in  September  was  contracted,  in  order  to  exclude  insects  and 
I field  mice,  should  now  he  enlarged,  yet  this  should  only  be 
permitted  when  the  weather  is  line  ; if  a fall  of  snow  should 
again  take  place,  it  should  be  closed, — this  should  be  effected 
so  as  to  prevent  the  egress  of  the  bees,  but  not  so  as  to  prevent 
a circulation  of  air.  A piece  of  open  canvass  might  be  strained 
over  a little  frame,  and  fastened  above  the  hole,  which  might 
be  raised  or  lowered  at  pleasure.  In  the  lluisli  hives,  these 
slides  are  of  tin.  Water  should  be  plentifully  supplied  in 
troughs,  iT  no  streamlet  is  at  hand,  pebbles  being  placed  in  it  to 
; serve  as  resting  places  for  the  bees. 

March. — If,  as  it  frequently  happens,  the  bees  of  a hive 
| appear  languid  and  weak,  and  the  most  generous  food  appears 
to  be  thrown  away  upon  them,  the  queen  of  that  hive  is  barren, 
and  the  cells  are  devoid  of  any  fecundated  eggs  of  the  last 
season  ; they  should  therefore  be  joiued  to  the  next  inferior 
stock  in  the  apiary.  To  effect  this,  the  top  of  the  hive  to  which 
the  bees  are  to  be  joined,  must  be  cut  off,  and  tbe  combs  laid 
bare  ; this  is  a nice  operation,  for  with  the  greatest  care,  much 
damage  will  incur;  the  weak  hive  must  then  be  well  plastered 
to  the  lower  one,  and  every  crevice  filled  so  as  to  permit  no 
egress  for  the  bees,  except  through  the  entrance  of  the  lower 
hive.  The  bees  should  be  fed  in  the  evening,  and  in  the  mop- 
ing the  surplus  should  be  removed.  The  mouth  of  the  bive 
may  now  be  left  at  its  usual  size.  Stock  hive*  should  be  pur- 
chased this  month.  Tbe  hives  should  bo  kept  warm,  or  shel- 
tered. Young  bees  may  now  be  seen  about  tbe  entrauce  of 
the  hive ; the  old  bees  may  also  be  observed  cleaning  them 
with  their  proboscis. 

April.— The  business  of  the  hive  increases  daily,  and  the 
sight  of  the  first  drone  should  be  considered  n holiday,  as  he  is 
tile  harbinger  of  a swarm.  New  hives  should  he  kept  in  store, 
to  be  at  hand  w hen  wanted.  All  superfluous  and  rough  straws 
should  he  carefully  cleared  from  the  interior  of  the  hives,  and 
holes,  if  any  there  are,  should  be  stopped  with  putty  or  mortar. 
Singeing  or  friction  will  remove  the  straws — the  former  is  per- 
haps the  best  method.  The  little  speckled  bnttcrilics  now 
hover  about,  to  steal  into  the  hives,  that  they  may  there  deposit 
their  eggs.  These  should  be  watched,  and  destroyed. — The 
queen  wasp  often  appears  this  month,  and  should,  if  possi. 
ble.  be  destroyed.  If  a hive  is  attacked  cither  by  bees  or 
wasps,  the  only  real  way  to  assist  its  inhabitants  is*  by  remox- 
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ins  the  hive  far  away  in  the  ermine,  And  putting  an  empty 
onr  in  it*  plane.  Some  hires  will  swarm  in  April,  bat  this  is 
considered  rather  early. 

Mag.—  The  bees  now  becoming  rery  numerous  in  a health. 
fuJ  hive,  many  of  them  fan  at  the  entrance,  to  refresh  fhrfr  in- 
nmtos  ; besides  which,  small  drops  of  perspiration  may  be  sent 
on  the  board,  and  an  increasing  blackness  also.  The  cluster- 
ing of  the  bees  round  tire  mouth  of  the  hive  for  tw  o or  three 
days  together,  sometimes  at  the  mouth  of  the  hive,  fore* 
tel*  the  swarming ; and  if  bees  are  carefully  watched,  two  or 
three  may  be  observed,  and  sometimes  more,  w andering  about, 
and  examining  particular  object*. 

The  most  usual  lime  of  swarming  is  between  the  hoars  of 
nine  a.m.  and  two  p.m.  Thev  never  swarm  while  the  day  is 
clouded,  or  in  high  winds.  Yet  a sudden  gleam  of  sun>hine 
will  o0entimrs  trinpt  them  to  choose  their  new  habitation,  even 
in  inclement  seasons.  All  the  clatter  made  by  pokers  and 
shovels  is  absolute  nonsense,  and  would  tend  rather  to  scare 
the  bees  than  settle  them  ; their  (light  should  be  watched,  and 
when  once  they  settle,  the  hive  should,  if  possible,  he  held 
under  them — a goose  wing  is  of  great  service  in  brushing  them 
off ; but  if  they  attach  themselves  to  a twig  which  can  be  cut  off, 
this  should  be  done.  The  hive  should  be  well  rubbed  inside 
with  strong  beer,  sugar,  and  salt,  as  before  described  ; though 
it  is  the  opinion  of  some  apiarians,  that  no  such  preparation 
is  necessary.  A good  swnrrn  should  weigh  six  pounds:  its 
weight  is  easily  ascertained  by  weighing  the  empty  hive  first. 
Should  a hive  appear  destitute  of  drones,  some  must  hr  caught 
as  they  arc  about  to  enter  other  hives,  ami  at  evening  they 
must  be  placed  at  the  entrance  of  the  hive  supposed  to  lie 
destitute  of  them. 

June. — Fecund  swarms  take  their  flight  this  month  ; but  they 
give  no  signs  of  their  departure,  und  therefore  should  be  well 
watched.  A second  swann  is  not  worth  much,  hut  two  such 
swarms  together  make  a good  one.  The  two  swarms  may  be 
swept  into  the  same  hive,  and  one  of  the  queen  bees  will  be 
killed  by  the  strongest.  But  if  the  proprietor  has  skill  and 
courage  enough  to  do  it,  he  should  kill  one  of  the  queen  bees 
himself.  Second  swarms  may  be  returned  to  the  parent  hive 
in  the  following  manner : — Place  the  back  of  a chair  parallel 
with  the  entrance  of  the  hive,  spreading  over  it  a table-cloth, 
Ihcn  holding  the  hive,  containing  the  second  swarin,  over  this, 
give  it  a gentle  tap  or  two;  the  hers  uill  fall  on  it,  and  may  be 
gently  impelled  to  their  old  habitation  by  a feather  or  stick. 
A first  sw£.rm  commences  the  construction  of  the  comb  in  the 
middle  of  the  hive  ; the  second  swarm,  at  the  sides. 

JWy — The  hives  should  be  shaded  this  month  from  the 
intense  heat  of  the  sun,  to  preserve  the  wax.  and  consequently 
the  honey.  Some  persons  extract  some  of  the  comb  at  this 
season  of  the  year.  A beo  entering  the  hive  with  honey,  is  of 
a cylindrical  form,  and  of  a glossy  appearance.  The  bee  with- 
out honey,  is  sun-broiled  and  wrinkled.  When  the  latter 
appear  numerous,  and  a correspondent  proportion  of  bees 
without  the  pellets  of  wax  are  also  seen,  (he  hive  to  which  they 
belong  is  in  a decaying  state.  Those  hives  in  w hich  the  drones 
are  first  destroyed,  are  of  particular  value. 

Avguet. — In  those  counties  where  they  suffocate  the  bees,  the 
operation  is  carried  into  effect  in  this  month,  upon  the  suppo- 
sition. that  the  little  creatures  begin  to  live  upon  their  stuck : 
but  this  is  erroneous : if  the  season  is  mild,  they  find  rood  till 
October.  The  common  spider  commits  great  devastation  this 
tnonlh,  and  care  should  he  taken  to  destroy  him.  The 
entrance  of  the  htve  should  also  be  closed,  so  ns  to  prevent 
more  than  two  bees  entering  at  the  same  time,  in  order  to 
exclude  other  rohhing  bees  and  wasps.  Tho  usual  way,  bow- 
over,  is.  to  offer  a reward  for  every  wasp  not  destroyed.  The 
humble-bee  may  also  be  considered  an  enemy,  since  it  eon- 
flumes  four  times  the  quantity  of  the  mellifluous  juice  of  flow- 
ers than  tho  hive  lice.  The  hives  should  not  he  molested 
during  this  month,  more  than  ran  he  helped,  or  than  is  neces- 
sary for  their  preservation  against  the  attacks  of  their  enemies. 

September.— This  is  the  month  in  which  many  apiarians  take 
a part  of  the  honeyed  store,  and  the  following  is  tho  most 
approved  method  for  effecting  this  difficult  task  : — In  the  first 
place,  nu  hive  should  he  incommoded  bv  sticks.  Presuming 
that  this  is  not  the  case,  the  hive  should  be  carefully  turned 


up ; some  tobacco  being  at  hand  ready  'or  fumigation,  the 
bees  will  Ihen  lose  all  their  courage,  and  retreat  into  the 
corners  of  the  hive ; and  if  they  recover  from  their  stupor,  a 
second  application  of  the  tobacco  will  quiet  them.  The  comb 
should  then  be  carefully  cut  out,  but  sparingly.  The  middle 
combs  should  not  be  touched.  When  two  weak  hives  are  to 
be  joined,  Mr.  Huisb  recommends  that  both  should  bo  stupe- 
fied by  fumigation,  and  one  of  the  queen  bees  carefully  dis- 
covered and  killed,  the  hive  to  which  she  belonged  being 
carefully  swept  into  the  other.  It  is  the  opinion  of  some 
apiarians,  that  the  bees  should  he  assisted  in  the  destruction 
of  the  drones.  The  hive  should  be  carefully  examined,  the 
stool  cleaned,  and  strewed  with  salt.  Contract  the  entrance, 
and  plaster  the  hive  to  the  stool,  to  keep  out  all  foreign  enemies. 

October.  — Bees  should  be  well  fed  this  month,  with  the  syrap 
mentioned  in  February.  The  tops  of  the  hives  should  be 
examined,  and  protected  from  all  damp  and  inrlcmeney  of  the 
weather.  Cleanliness  is  absolutely  necessary  to  the  prosperity 
of  bees.  The  entrance  should  be  again  contracted,  so  as 
to  admit  only  one  bee. 

A ovtmber. — The  hives  should  be  carefully  attended  to,  and 
care  should  also  be  taken  that  they  have  plenty  of  food.  This 
may  be  ascertained  by  occasionally  weighing  the  hive  upon  the 
board  on  which  it  stands,  and  marking  the  decrease  of 
weight.  Great  cold  will  affect  the  bees,  and  reduce  them  to  a 
stale  of  torpor,  which  will  end  in  death,  unless  relieved  by  a 
removal  to  a wanner  situation.  Every  scattered  benumbed 
bee  should  be  attended  to,  collected,  and  when  restored  to 
animation  by  gentle  warmth,  should  lie  placed  at  the  mouth  of 
the  hive,  when  it  will  gladly  enter.  They  should  be  collected 
in  a handkerchief ; not  in  any  glazed  substance.  The  field 
mouse  should  he  watched,  rnd  all  other  vermin  and  inserts  ; 
and  the  hives,  if  in  an  exposed  situation,  should  be  fastened  by 
a rope  to  the  stand,  lest  the  wind,  which  frequently  happens, 
should  blow  them  down, 

December.—  All  that  the  apiarian  has  to  attend  to  this  month, 
is  to  keep  his  hives  clear  from  snow,  and  confining  the  bees  to 
their  dwelling ; and  the  less  they  are  disturbed  in  cold  weather, 
the  better,  since  they  arc  kept  alive  in  winter  by  a reciprocity 
of  animal  beat,  which  is  of  course  diminished  if  they  are  com- 
pelled to  separate,  or  are  shaken. 

BELL  Mlt.al,  of  which  hells  are  made,  is  composed  of 
three  parts  of  copper  and  one  of  tin.  .See  Foundry. 

The  Dicing  Bull. — To  illustrate  the  principle  of  this  ma- 
chine. take  a glass  tumbler,  plunge  it  into  water  with  the 
mouth  downwards;  you  will  find  that  very  little  water  will  rise 
into  the  tumbler;  which  will  be  evident. 
If  you  lay  a piece  of  cork  upon  the 
surface  of  the  water,  amt  put  the  tum- 
bler over  it : for  you  will  see.  that 
though  the  cork  should  bo  carried  far 
below  the  surface  of  the  water,  jet 
that  its  upper  side  ,s  not  wetted,  the 
air  which  was  in  the  tumbler  having 
prevented  the  entrance  of  the  water 
but  as  air  is  compressible,  it  could  not 
entirely  exclude  the  water,  which,  by 
its  pressure,  condensed  the  air  a little. 

The  first  diving-bell  of  any  note  was 
made  by  Dr.  Halley.  It  is  most  com- 
monly made  in  the  form  of  a truncated 
cone,  the  smallest  end  being  closed, 
and  the  larger  one  open.  It  is  weighted 
with  lead,  and  so  suspended  that  it 
may  sink  full  of  air,  with  its  open  base 
downwards,  and  as  near  as  may  be  parallel  to  the  horizon,  so 
as  to  close  with  the  surface  of  the  water.  Mr.  Srueafon’s 
diving-bell  was  a square  chest  of  east  iron,  four  feet  and  a 
half  in  height,  four  feet  and  a half  in  length,  and  thrre  feet 
wide,  and  afforded  room  for  two  men  to  work  in  it.  Jt  was 
supplied  with  fresh  air  by  a forcing  pump.  This  was  used  with 
great  success  at  Ramsgate.  Other  contrivances  have  been 
used  for  diving-bells. 

The  first  diving-bell  we  read  of  in  Europe  was  tried  at 
Cadiz,  by  two  Greeks,  in  the  presence  of  Charles  V.  and  10,000 
spectators.  It  resembled  a large  kettle  inverted.  The  first 
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person  who  brought  (he  diving-bell  into  vogue  with  us  was  | 
Phipps.  thr  American  blacksmith,  in  the  reign  of  Charles  II., 
and  who,  from  the  fortune  he  acquired  from  a Spanish  ship, 
to  which  he  went  down,  laid  the  honours  of  the  Mtilgrax 
family.  The  following  is  the  most  useful  purpose  to  which  the 
diving-hell  has  been  applied. 

[hrmg-  Htll  at  Part  Patrick. — The  diving-bell,  or  rather  the 
improved  instrument  now  in  use  at  Port  Patrick,  is  neither 
more  nor  less  than  a square  cas»t-mrtal  frame,  about  8 feet  high, 
22  feet  in  circumference,  and  weighing  upwards  of  four  tons. 
This  frame  is,  of  course,  open  below,  and  at  the  top  are  twelve 
small  circular  windows  made  of  very  thick  glass,  such  as  ure 
sometimes  seen  used  on  hoard  of  ships.  These  windows  are 
so  cemented  or  puttied  in.  that  not  a bubble  of  water  can  pene- 
trate; and  when  the  sea  is  clear,  and  particularly  when  the 
sun  is  shining,  the  workmen  arc  enabled  to  carry  on  their  sub-  . 
marine  operations  without  the  aid  of  candles,  which  would 
consume  nearly  as  much  air  as  an  equal  number  of  human 
beings.  In  the  inside  of  the  bell  aro  scats  for  the  workmen, 
with  knobs  to  hang  their  tools  on ; and  attached  to  it  is  a 
strong  double  air-pump,  which  is  a mighty  improvement  on  the  j 
old-fashioned  plan  of  sinking  barrels  filled  with  air.  From 
this  pump  issues  a thick  leathern  tube,  which  is  closely  lilted 
into  the  hell,  and  the  length  of  which  can  easily  be  proportioned  I 
to  the  depth  of  water.  As  may  be  supposed,  the  bell  is  sus-  ' 
pended  from  a very  long  crane,  the  shaft  of  which  is  sunk  to 
the  very  keel  of  a vessel, purchased  and  fitted  up  for  the  purpose,  | 
and  which  is,  in  fact,  a necessary  part  of  the  diring  apparatus- 
On  the  derk  of  this  vessel  is  placed  the  air-pump,  worked  by 
four  men,  with  an  additional  hand  to  watch  the  signals.  When 
about,  therefore,  to  commence  operations,  the  sloop  is  moved 
to  the  outside  of  the  breakwater,  the  air-pump  put  in  motion, 
the  crane  worked.and  then  go  down  the  aquatic  quarrymen.  From 
its  weight  and  shape,  the  machine  must  dip  perpendicularly  ; 
while  the  volume  of  air  within  enables  the  workmen  to  breathe, 
and  keeps  out  the  water.  On  arriving  at  the  bottom,  the 
divers  are  chiefly  annoyed  with  large  beds  of  sea-weed,  although, 
from  the  inequalities  of  the  channel  at  Port  Patrick,  and  the 
partially  uneven  manner  in  which  the  ledges  of  the  bell  occa- 
sionally rest  on  the  rocks,  it  is  impossible  to  expel  the  water 
altogether ; and  this,  it  is  presumed,  is  the  reason  why  it  is 
dangerous  to  descend  in  rough  or  squally  weather,  when  the 
heaving  and  agitated  deep  would  he  apt  to  dash  in  at  the  smallest 
cranny.  To  guard  against  the  effects  of  several  hours'  partial 
immersion' in  water,  the  men  are  provided  with  large  jack- 
boots, caps  of  wool,  and  coarse  woollen  jackets.  They  also 
observe  the  precaution  of  stuffing  their  cars  with  cotton,  as  the 
constant  stream  of  air  which  desrrnds  from  above,  occasions, 
at  first,  an  uneasy  sensation,  and  is  even  apt  to  produce  deaf- 
ness. The  chief  submarine  artist  came  from  Holyhead ; and 
out  of  180  masons,  carpenters,  and  labourers,  only  one  man, 
it  is  said,  volunteered  to  assist  him.  A respectable  and  inge- 
nious gentleman,  who  had  been  down  in  the  bell,  stated,  that 
be  felt  no  inconvenience  whatever;  but  the  air-pump  workers, 
among  whom  were  made  some  minute  inquiries,  shook  their 
heads  at  this  piece  of  information,  and  hinted,  that  the  volun- 
teer-diver bad  often  felt  a little  qureriah,  and,  for  one  thing, 

" had  taken  his  victuals  very  badly  " Here,  then,  we  have 
two  or  three  men  working  with  perfect  ease  and  safely  20,  25, 
and  sometime*  30  feet  below  water.  In  carrying  out  the  new 
pier,  it  is  necessary  to  make  a bed  for  the  foundation  stones, 
which  would  otherwise  be  left  at  the  mercy  of  the  waves— and 
this,  in  a word,  is  the  duty  of  the  divers.  With  picks,  ham- 
mers, jumpers,  and  gunpowder,  the  most  nigged  surface  is 
made  even,  and  not  only  abed  prepared  lor  the  huge  masses 
of  stone  which  are  afterwards  let  down,  hut  the  blocks  them- 
selves strongly  bound  together  with  iron  and  cement.  The 
divers,  like  other  quarrymen,  when  they  wish  " to  blast,"  take 
good  care  to  be  pot  out  of  harm's  way.  By  means  of  a tin 
tube,  the  powder  is  kept  quite  dry,  and  a branch  from  the 
larger  cavity,  hollow  and  filled  with  an  oaten  straw,  is  length- 
ened to  the  very  surface  of  the  water  before  the  fuse  is  lighted. 
In  one  or  two  cases  the  powder  has  failed  to  explode,  and  it  is 
▼ery  teasing  for  the  men,  after  three  or  four  hours'  hard  work 
l>c|ow  water,  to  be  compelled  to  descend  again,  for  the  sole 
purpose  of  repeating  the  blasting  process. 


BELLEROPHON,  a name  sometimes  given  to  the  constel- 
lation Pegasus. 

BELLOWS,  an  instrument  constructed  for  the  purpose  of 
alternately  drawing  aud  expelling  air.  In  the  common  culinary 
bellows  the  air  rushes  in  at  a hole  or  holes  at  the  bottom, 
called  feeders,  over  which  is  a flapping  valve,  and  is  expelled 
through  a conical  pipe  called  the  nozzle,  by  means  of  a kind  of 
mechanism  too  well  known  to  require  description  here. 

Dr.  Gregory  observes,  that  it  is  not  the  impulsive  force  of 
the  blast  that  is  wanted  in  most  cases,  but  merely  the  copious 
supply  of  air  to  produce  the  rapid  combustion  of  inflammable 
matter ; and  the  service  would,  in  general,  be  better  performed 
if  this  could  be  done  with  moderate  velocities  and  extended 
suiface.  What  are  called  air-furnaces,  where  a considerable 
surface  of  inflammable  matter  is  acted  on  at  once  by  the  cur- 
rent which  the  mere  heat  of  the  expended  air  bns  produced, 
arc  found  more  operative,  in  proportion  to  the  air  expended, 
than  blast-furnaces  auimated  by  bellows.  There  is,  indeed,  a 
great  impulsive  force  required  in  some  cases  ; as,  for  blowing 
off  the  scoria*  from  the  surface  of  silver  or  copper  in  refining 
furnaces,  or  for  keeping  a clear  passage  for  the  air  in  great 
iron  furnaces.  But,  in  general,  we  cannot  procure  this  abundant 
supply  of  air  in  any  other  way  than  by  giving  it  a great  velo- 
city by  means  of  a great  pressure  or  impulse ; the  air  is 
admitted  into  a very  large  cavity,  and  then  forcibly  expelled 
from  it  through  a small  orifice. 

The  method  of  producing  a continual  blast  by  a centrifugal 
force  bas  been  long  known.  Anacharsis,  the  Scythian,  is 
recorded  as  the  inventor  of  bellows.  But  the  first  bellows 
acting  upon  this  principle,  of  which  webave  a distinct  account, 
is  that  invented  by  M.  Teral.  in  1729.  and  represented  in  the 
following  figure,  where  A B is  a cubical  box,  with  a top  rather 


arched  : to  this  box  is  ndapted  a hollow  pyramidal  frustum  C, 
at  the  extremity  of  which  is  the  lube  or  nozzle  D;  the  capacity 
of  the  pyramid  not  being  separated  from  that  of  the  box.  This 
box  contains  an  arbor  or  shaft  carrying  vanes,  as  Q F,  posited 
horizontally,  and  which  are  here  placed,  as  it  were,  out  of  the 
box,  that  their  shape  and  number  may  he  seen.  The  ends  of 
the  arbor  run  in  a proper  collar  on  each  side  of  the  hox,  and 
one  end,  as  F,  passes  through  the  side  of  the  box.  and  carries 
a pulley  : over  this  pulley  passes  a cord  or  band,  which  also 
runs  round  pBrtof  a wheel  H i.  situated  at  some  distance  from 
the  bellows,  and  which  is  turned  by  the  handle  M.  Thus  it 
will  ho  manifest,  that  as  this  handle  turns  the  wheel  H I,  it 
will,  by  means  of  the  band,  turn  the  pulley  F and  the  arbor 
and  vanes,  with  a velocity  which  will  he  to  that  of  the  wheel  as 
the  radius  of  the  wheel  to  that  of  the  pulley.  Hcnrc  the  greater 
the  diameter  of  the  wheel,  and  the  irss  that  of  the  pulley,  the 
more  rapidly  will  tbo  exterior  air  (which  enters  by  small  boles 
A A,  into  the  top  of  the  box.)  be  driven  by  the  vanes,  ami  com- 
pressed into  the  truncated  pyramid  e.  and  thence  expelled  at 
D.  in  a continued  blast;  which  will  likewise  be  the  more 
violent  the  greater  the  action  at  the  handle  M.  This  machioc, 
being  very  simple,  is  easily  constructed,  and  at  a smal1  expense. 

Another  bellows,  furnishing  a uniform  blast,  is  described  as 
follows  : — One  cylinder  is  made  to  deliver  its  air  into  anoiber 
cylinder,  which  has  a piston  exactly  fitted  to  its  bore,  and 
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loaded  with  a sufficient  weight.  The  blowing  cylinder  A B C D 
(as  represented  in  the  figure  below.)  has  its  piston  F worked 
by  a rod  N P.  connected  by  double  chains  with  the  arched 


bead  of  the  working  beam  N O,  moving  round  a gudgeon  at  R.  | 
The  other  end  O of  this  beam  is  connected  by  the  rod  O P 
with  the  crank  PQ  of  a wheel-machine;  or  it  may  be  con- 
nected with  the  piston  of  a sleam-ensinc,  Stc.  Ac.  The  blow- 
ing cylinder  has  a valve  or  valves  K in  its  bottom,  opening 
inwards.  There  proceeds  from  it  a large  pipe  C F,  which 
enters  the  regulating  cylinder  G H Kl,  and  has  a valve  at  top. 
to  prevent  the  air  from  getting  back  into  Uie  blowing  cylinder 
AUCD.  It  is  evident,  that  the  air  forced  into  this  cylinder, 

G H K I,  must  raise  its  piston  L.  and  that  it  must  afterwards 
descend,  while  the  other  piston  is  rising.  It  must  descend 
uniformly,  and  make  a perfectly  equable  blast. 

We  may  observe,  however,  that  if  the  piston  L Ire  at  the 
bottom  when  the  machine  begins  to  work,  it  will  be  at  the 
bottom  at  the  end  of  every  stroke,  if  the  tuyere  T emits  as  much 
air  ns  the  cylinder  AUCD  furnishes;  nay,  it  will  lic  a while 
at  the  bottom,  for,  while  it  was  rising,  air  was  issuing  through 
T.  But  as  this  would  make  an  interrupted  blast,  it  is  prevented 
thus;  The  orifice  T must  be  lessened  ; yet  then  there  will  be  a 
surplus  of  air  at  the  end  of  each  stroke,  and  the  piston  L will 
rise  continually,  and  at  last  get  to  the  top,  and  allow  air  to 
escape.  Uui  it  is  possible  to  adjust  circumstances,  so  that 
neither  shall  happen.  This  is  done  easier  by  putting  a slop  in 
the  way  of  the  piston,  and  putting  a valve  on  the  piston,  or  on 
the  conducting  pipe  K ST,  loaded  with  a weight  n little  supe- 
rior to  the  intended  elasticity  of  the  air  in  the  cylinder.  There- 
fore, when  the  piston  is  prevented  by  the  stop  from  rising,  the 
shifting  valve,  as  it  is  called,  is  forced  open,  1h«  superfluous 
air  escapes,  and  the  blast  preserves  its  uniformity. 

The  Hydraulic  Forge  Bellows,  of  Mr.  J.  C.  Hornblower,  a 
very  ingenious  contrivance,  is  thus  described.  This  invention 
is  shewn  in  the  following  engraving:— A the  plunger,  or  work- 
ing part  of  the  bellows,  18  inches  square  within,  which  receives  | 
the  air  by  a valve  in  the  hinder  part  opening  inwards,  which 
at  the  stroke  by  the  rockstafT  E throws  it  down  the  tube  indi- 
cated bv  the  dotted  lines,  which  has  a valve  opening  into  the 
reservoir  I),  whence  it  is  led  to  the  tuyere  by  the  pipe  P. 
Length  of  the  plunger  20  inches,  stroke  nine  inches.  Diameter 
of  P three  inches ; of  the  nozzle  0"6.  The  whole  is  placed  in  a 
pit  or  cistern,  having  water  sufficient  to  rise  to  the  lower  end 
of  the  tube  where  the  valve  hangs ; this  tube  is  the  only  com- 
munication between  the  upper  part  and  the  reservoir  D : when 
ns  much  water  is  (toured  in  round  the  working  part,  over  the 
wash-boards,  as  will  rise  within  five  inches  of  the  upper  edge 
of  them,  the  bellows  is  ready  for  use.  The  little  frame- work 
serves  to  keep  it  from  rising,  and  affords  a convenient  support 
for  the  balance  and  the  rockstaff.  The  area  of  the  pit  or  cis- 
tern ought  to  be  at  least  twice  as  much  ns  that  of  the  plunger  A. 

A very  striking  difference  between  the  effect  of  this  bellows 


and  a common  leather- 
ed 30- inch  bellows  in 
the  same  shop,  is  the 
following.  The  lea- 
thered bellows  throws 
considerably  more  air 
to  the  lire,  and  its  noz- 
zle.comparedw  itb  this, 
is  as  ’73  to  in  dia- 
meter, but  it  does  not 
produce  so  great  an 
effect  iu  bringing  on 
the  heat,  and  the  noise 
of  this  is  so  great  as 
almost  to  drown  that 
of  the  common  one. 
The  only  difference  in 
other  respects  is,  that 
in  the  hydraulic  bel- 
lows the  pipe  goes  un- 
der ground  for  about 
eight  feet,  and  the  con- 
ducting pipe  of  the 
other  comes  down 
about  the  same  dis- 
tance from  the  shop 
above. 

When  bellows  are 
made  more  than  usual- 
ly large,  for  extensive 
furnaces,  they  have 
been  frequently  work- 
ed by  water-wheels.  But  iron  furnaces  have,  of  late,  been 
constructed  of  such  magnitude,  that  no  leather  bellows  could 
be  made  sufficiently  capacious  ; and  hence  large  forcing  pumps 
have  been  substituted  for  them.  Wc  shall,  under  the  article 
Fori  if.,  describe  the  Carron  engine  constructed  by  Smcaton. 

Hydro  italic  Billows.  (as  represented  in  the  annexed  figure,) 
is  a machine  for  illustrating  the  upward  pressure  of  fluids.  It 
consists  of  two  thick  boards 
E F,  CD,  about  16  or  18 
inches  diameter,  covered  or 
connected  firmly  with  pliable 
leather  round  the  edges,  to 
open  and  shut  like  common 
bellow  s,  but  without  valves ; 
a pipe  A B,  about  three  feet 
high,  is  fixed  into  the  bellows 
at  B.  Now  let  water  be 
poured  into  the  pipe  at  A. 
and  it  will  run  into  the  bel- 
lows, gradually  separating 
the  boards  by  raising  the 
upper  one.  Then,  if  several 
weights  (3  hundred  weights, 
for  instance,)  be  laid  upon 
the  upper  board,  the  water 
being  poured  in  at  the  pipe 
till  it  be  full,  will  sustain  all 
the  weights,  though  the  water  in  the  pipe,  should  not  weigh  a 
quarter  of  a pound.  For  the  narrower  the  pipe  the  better, 
beyond  certain  limits,  provided  wc  may  make  it  long  enough, 
the  proportion  being  always  this : 

As  the  area  of  the  orifice  or  section  of  the  pipe. 

To  the  area  of  the  bellows*  board,  E F ; 

So  is  the  weight  of  water  in  the  pipe  AG, 

To  tbe  weight  it  will  sustain  on  the  board  C D. 

For  the  fluid  at  B,  the  bottom  of  the  tube,  is  pressed  with  a 
force  varying  as  its  altitude  A B ; and  this  pressure  is  commu- 
nicated horizontally  to  all  the  particles  in  the  space  F E,  and 
then  distributed  equally  throughout  the  fluid  in  the  bellows ; 
consequently,  the  pressure  upwards  at  FE  is  equal  to  the 
weight  of  a cylinder  of  the  fluid  w hose  base  is  F E.  and  altitude 
A B ; while  the  actual  weight  of  wnter  borne  np  is  only  that  of 
the  cylinder,  whose  base  is  F E.  and  height  B G ; and  hence  no 
weights  laid  upon  CD  that  do  not  exceed  the  weight  of  n 
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cylinder  or  the  fluid,  whose  base  is  E F and  altitude  A 0,  will  1 
disturb  the  equilibrium. 

Bellows,  or  Water  Blow  ivy- Engine,  is  a machine  in  which 
the  stream  of  air  is  supplied  by  the  flowing  of  the  water,  and  it 
has  been  long  employed  at  the  iron  works  of  Poullaouen  in 
France.  The  shower  of  water,  in  itsdcsccut  through  the  verti- 
cal pipe  of  the  machine,  carries  down  a column  of  air  along  with 
it,  (upon  the  principle  of  tire  lateral  adhesion  of  fluids.)  in  the 
same  manner  as  a shower  of  rain  on  the  surface  of  Ihe  sea, 
produces  that  temporary  blast  of  w ind  which  the  seamen  term 
a squall.  The  effects  of  this  machine  in  producing  a blast  of 
air,  are  inferior  to  that  of  the  steam-engine  ; hut  in  situations 
w hich  afford  a plentiful  supply  and  a sufficient  fall  of  water,  it 
tuay  frequently  be  employed  with  advantage. 

BELTS,  Fascia,  in  Astronomy,  zones  or  girdles,  surrounding 
the  planet  Jupiter,  more  lucid  than  the  other  parts  of  his  body, 
and  terminated  by  parallel  straight  lines,  being  sometimes 
broader  and  sometimes  narrower,  varying  l*oth  in  magnitude 
and  position.  Dark  spots  have  frequently  been  observed  in 
Jupiter’s  Belts,  one  of  which  is  permanent,  and  by  means  of 
which  the  diurnal  revolution  of  this  planet  has  been  ascer- 
tained. See  Phil.  Trans.  No.  10  and  No.  11,  vol.  Ixiii.  Some 
astronomers  suppose  the  bells  to  be  seas,  which  alternately 
cover  and  leave  bare  vast  trarts  of  this  planet ; and  that  the 
spots  are  gulfs  in  those  seas,  probably  as  large  as  our  ocean, 
sometimes  full  and  at  others  dry.  Other  hypotheses  have  been 
advanced  by  different  astronomers,  which,  however,  are  all 
merely  conjectures,  and  therefore  excite  but  little  interest. 
These  belts  were  first  observed  at  Naples  by  Zuppi  and  Bar- 
toli,  two  jesuits,  and  afterwards  by  Campani  and  Huygens. 
Cassini  observed,  also,  three  dark  straight  parallel  belts  on  the 
disc  of  Saturn  ; and  something  of  a similar  kind  has  been  seen 
indistinctly  on  the  planet  Mars. 

BENDING,  the  reducing  a body  to  a curved  or  crooked 
form.  The  bending  of  boards,  planks,  &c.  is  effected  by  means 
of  heat,  whether  by  boiling  or  otherwise,  by  which  their  fibres 
are  so  relaxed,  that  they  may  be  bent  into  any  figure  at  plea- 
sure, Bernoulli  has  a discourse  on  the  bending  of  springs  or 
elastic  bodies,  and  Amonton  gives  several  experiments  on  the 
bending  of  ropes. 

BEN ITH NASH,  a namo  sometimes  given  to  the  last  star  in 
the  tail  af  Ursa  Major. 

BERKELEY,  Da.  George,  a celebrated  divine  and  philo- 
sopher. was  born  at  Kilarin  in  Ireland,  lfiHl,  and  died  nl 
Oxford,  1753,  in  the  (Kith  year  of  his  age.  He  was  author  of 
several  works  on  theology,  mathematics,  and  metaphysics. 

BERNE  Machine,  (as  its  the  following  figure,)  for  routing 
up  trees,  the  invention  of  Peter  Nommcr,  of  Berne,  consists  of 


three  parts,  the  beam,  the  ram,  and  the  lever.  The  beam, 
A BC.No.l.of  which  ouly  one  side  is  seen  in  the  figure,  is  com- 
posed of  two  stout  planks  of  oak,  three  inches  thick  at  least, 
and  separated  by  two  transverse  pieces  of  the  same  wood,  at 
A and  C,  about  three  inches  thick:  these  planks  arc  bored 
through  with  corresponding  boles,  to  receive  iron  pins,  upon 
which  the  lever  acts  between  the  two  sides  of  the  beam,  and 
which  is  shifted  higher  and  higher  ns  the  tree  is  raised,  or 
rather  pushed  out  of  its  place : the  sides  are  well  secured  at  the 
top  and  bottom  by  strong  iron  hoops.  The  iron  pins  on  which 
the  lever  rests,  should  Ire  an  inch  and  a quarter,  and  the  holes 
through  which  they  pass,  an  inch  and  a half,  in  diameter.  The 
osition  of  these  holes  is  sufficiently  indicated  by  the  figure, 
he  foot  of  the  beam,  when  the  machine  is  in  action,  is  secured 
by  stakes  represented  at  G,  driven  into  the  earth.  The  ram,  D, 
which  is  made  of  oak,  elm,  or  some  other  strong  wood,  is  cap- 
ped with  three  strong  iron  spikes  represented  at  f,  which  take 
fast  hold  of  the  tree.  This  ram  is  six  or  eight  inches  square, 
and  a slit  is  cut  lengthwise  through  the  middle  of  it,  from  its 
lower  end  at  K,  to  the  first  ferule  a,  in  order  to  allow  room  for 
the  chain  y A to  play  round  the  pulley  K,  which  should  he 
four  inches  thick,  and  nine  inches  in  diameter.  This  ram  is 
raised  by  means  of  the  chain  y A,  which  should  be  about  ten 
feet  long,  with  links  fonr  inches  and  three-quarters  in  length, 
and  an  inch  thick.  One  end  of  this  chain  is  fastened  to  the 
top  of  the  beam  at  C,  while  the  other,  after  passing  through  the 
lower  part  of  the  ram.  and  over  the  pulley  K,  terminates  in  a 
ring  or  link  represented  in  No.  3 ; the  two  ears,  m,  n,  of  which, 
serve  to  keep  it  in  a true  position  between  Ihe  two  plnnks  of 
the  beam.  In  this  ring,  the  hook  y is  inserted:  the  hook  is 
represented  in  profile.  No.  2.  where  F is  the  part  which  takes 
hold  of  the  ring.  But  it  must  be  observed,  that  tho  parts  of 
this  machine  represented  in  Nos.  2.  3,  arc  drawn  on  a scale 
twice  as  large  as  the  whole  engine.  The  hook  F,  No.  2,  should 
be  made  of  very  tough  iron,  as  well  as  the  handle  D,  and  the 
arch  EC,  This  handle  should  be  two  inches  thick  at  s , where 
it  joins  to  the  hook,  and  the  thickness  gradually  lessen  by 
degrees  up  to  the  arch,  which  need  not  be  more  than  half  an  inch 
thick.  On  each  side  of  the  pin  t is  a semicircular  notch  xy, 
which  rests  alternately  on  the  pins  when  the  machine  is  worked. 
The  hole  D,  and  the  arch  EC  serve  to  fix  a long  lever  of  wood 
E F,  No.  1,  by  means  of  two  iron  pins  ; and  hy  this  contrivanre, 
the  lever  is  either  raised  or  depressed  at  pleasure,  in  order  to 
render  the  working  of  tho  machine  easy  in  w hatever  part  of  tho 
beam  thu  lever  may  be  placed  ; for  without  this  contrivance, 
the  extremity  of  the  lever  E F would,  when  the  handle  is  near 
the  top  of  the  beam,  be  much  higher  than  men  standing  upon 
the  ground  could  reach.  It  must,  however,  be  remembered, 
that  the  lever  is  often  shortened  hy  this  contrivance,  and  con- 
sequently its  power  lessened.  The  machine  is  worked  in  the 
following  manner : — It  is  placed  against  a tree,  in  the  manner 
represented  in  the  figure,  so  that  the  iron  spikes  at/  may  haro 
hold  of  tho  tree,  ami  the  end  of  the  beam  A be  supported  by 
stakes  represented  at  G.  The  iron  handle.  No.  2,  is  placed  in 
the  opening  between  the  two  plauks  of  the  beam,  and  the 
wooden  lever  fixed  to  it  by  means  of  the  iron  pins  already 
mentioned.  The  hook  F takes  hold  of  the  chain,  and  one  of 
the  iron  pins  is  thrust  into  the  enter  row  of  holes,  by  which 
means  the  outer  notch  x will  rest  on  the  pin,  which  will  he  now 
the  centre  of  motion  ; and  the  end  of  the  lever  E,  No,  1,  being 
pressed  downwards,  the  other  notch  y,  No,  2,  will  be  raised, 
and  at  the  same  time  the  chain,  and  consequently  the  ram. 
The  other  iron  pin  is  now  to  be  thrust  into  the  hole  in  the  inner 
row,  next  above  that  which  was  before  the  centre  of  motion, 
and  the  cud  of  the  lever  E elevated  or  pushed  upwards,  the 
latter  pin  on  which  the  notch  y rests,  now  becoming  the  centre 
of  motion.  By  this  alternate  motion  of  the  lever,  and  shifting 
the  pins,  the  chain  is  drawn  upwards  over  the  pulley  K,  and 
consequently  the  whole  force  of  the  engine  exerted  against  the 
tree  : there  is  a small  wheel  at  L,  in  order  to  lessen  the  friction 
of  that  part  of  the  machine.  From  this  account  the  reader  will 
very  easily  perceive,  that  the  machine  is  nothing  more  than  a 
single  pulley  compounded  with  a lever  of  the  first  and  second 
order.  It  must,  however,  be  remembered,  that  as  the  push  of 
the  engine  is  given  in  an  oblique  direction,  it  will  exert  a 
greater  or  lesser  force  against  the  horizontal  roots  of  the  tree, 
2 E 
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in  proportion  to  the  angle  formed  by  the  machine  with  the 
plane  of  the  horizon,  and  that  the  angle  of  ASP  is  the  maximum, 
or  that  when  the  machine  will  exert  its  greatest  force  against 
the  horizontal  roots  of  the  tree. 

BERNOULLI,  the  name  of  several  excellent  mathemati- 
cians of  France  and  Switzerland. 

BERYL,  a pellucid  gem  of  ft  bluish  green  colour,  found  in  the 
East  Indies,  Peru,  and  Silesia.  This  gem  assumes  either  the 
pebble  or  columnar,  or  crystal  form.  To  imitate  beryl,  artists 
add  to  20  lbs.  of  crystal  glass  made  without  magnesia,  6 ounces 
of  calcined  brass  or  copper,  and  a quarter  of  uu  ounce  of  pre- 
pared zaffre. 

BIENNIAL  Plants,  are  those  which  endure  two  years  ; as, 
of  esculents,  the  cabbage,  savoy,  carrots,  parsnips,  beet,  onion, 
leek  ; of  flower*,  carnation,  boll) hock,  wallflower,  Ac. 

BILBOES,  long  bars  or  bolts  of  iron  with  shackles  sliding 
on  them,  and  n lock  at  the  end,  used  to  confine  the  feet  of 
prisoners  in  n manner  similar  to  the  punishment  of  the  stocks. 
The  offender  is  laid  in  iron*,  which  are  more  or  less  ponderous 
according  to  the  nature  of  the  offence  of  which  he  is  guilty. 

BILGE,  or  Bildur,  that  part  of  a floor  in  a ship  which 
approaches  nearer  to  an  horizontal  than  to  a perpendicular  ! 
direction,  and  on  which  the  ship  would  rest  if  laid  on  the 
ground  : hence,  when  a ship  receive*  a fracture  In  this  place, 
she  is  said  to  be  bilged,  or  bulged.  Bilge  is  also  the  largest 
circumference  of  a cask,  or  that  which  extends  round  by  the 
bung-hole. 

BiLGE-K'dfrr,  the  rain  or  sea-wnter  which  occasionally  enters 
the  lower  apartments  of  a ship,  whence  running  down  to  the 
floor,  it  remains  in  the  bilge  of  the  ship,  till  pumped  out,  by 
reason  of  her  flat-bottom,  which  prevents  it  from  going  to  the 
well  of  the  pump,  and  is  always  (if  the  ship  docs  not  leak)  of 
a dirty  colour,  and  disagreeable  smell. 

BILLION,  in  Numeration,  the  sum  of  a million  of  millions, 
or  tOt.KKH.HKH)  0000:  this  term,  as  well  as  those  of  trillion,  qua- 
tilltons,  Ac.  are  introduced  for  the  more  readily  expressing  in 
words,  or  enumerating,  a number  consisting  of  many  figures; 
but  they  have  been  differently  employed  by  different  writers; 
the  French  mathematicians  understanding  billion  to  mean  thou- 
sands of  millions,  and  the  English  millions  of  millions;  thus,  in 
Bezoul's  “ Course  of  Mathematic*,*’  and  the  **  Encyclopedic 
Methodique,”  the  place  of  billions  is  said  to  be  the  tenth  from  the 
right  towards  the  left,  whereas  we  make  it  in  our  arithmetics  the 
thirteenth;  and  it  is  singular,  that  this  word  is  not  found  in  any 
English  dictionary.  Mr.  Bonny  castle,  in  his  arithmetic,  uses 
the  phrase  bi-million  or  billion,  tri-million  or  trillion,  which 
serins  tube  the  probable  derivation  of  these  terms  ; and  admit- 
ting this,  there  can  be  no  doubt,  from  analogy,  that  bi-million 
or  billion  means  a million  times  a million,  the  same  as  biquad- 
ratic means  a quantity  produced  from  the  multiplication  of  two 
quadratic*.  The  French  have,  however,  decidedly  the  advan- 
tage in  point  of  simplicity. 

BIMEDIAL  Line,  in  Geometry,  is  the  sum  of  two  mcdials. 
Thus,  when  two  medial  lines,  commensurable  only  in  power, 
and  containing  a rational  rectangle,  be  compounded,  the  whole 
shall  be  irrational  with  respect  to  cither  of  the  two ; and  is 
called,  by  Euclid,  a first  bi medial  line,  But  if  two  medial  lines, 
commensurable  only  in  power,  and  containing  a medial  rect- 
angle. be  compounded,  the  whole  will  be  irrational;  and  is 
called  a second  him* dial  line.  Euclid,  lib.  x.  prop.  38  and  39. 

BINOCLE,  or  Binoculah  Telescope,  is  a telescope  to 
which  both  eyes  may  be  applied;  and,  consequently,  the  same 
object  observed  at  the  same  time  with  both.  It  consists  of  two 
tubes,  with  two  sets  of  glasses  of  the  same  power,  and  adjusted 
to  the  same  axis  ; which  has  been  said  to  exhibit  objects  larger 
and  more  distinct  than  a single  or  monocular  glass.  But  this 
is  probably  only  an  illusion,  occasioned  by  the  stronger  impres- 
sion which  two  equal  images,  alike  illuminated,  make  upon  the 
eyes.  There  arc  also  microscopes  of  the  same  construction, 
hoi  they  are  very  seldom  used. 

BINOMIAL,  in  Algebra,  is  a large  quantity  consisting  of 
two  terms  or  names,  and  connected  by  the  sign  + plus,  — • mi- 
w mi,  orr=  equal ; thus,  a -j-  b.  a — b.  a ~ f>,  are  all  binomials ; 
the  difference  « — b,  being  also  frequently  called  a residual ; 
and  by  Euclid,  a/wtome.  The  terms  binomial  and  residual  nro 
said  to  have  been  introduced  into  algebra  by  Kccordc,  in  1&57 ; 


and  they  have  since  been  very  commonly  employed  in  various 
ways.  Thus  we  say.  Binomial  Cum,  Equation,  Surd , Then- 
rent , Ac. 

Binomial  Theorem,  is  a general  algebraical  expression  or 
formula,  by  which  uny  power  or  root  of  a quantity  of  two  term* 
is  expanded  into  a series.  This  is  also  commonly  called  the 
A'rriimMn  theorem,  or  A 'ear tone  binomial  theorem,  on  account  of 
his  being  commonly  considered  as  the  inventor  of  it,  as  he 
undoubtedly  wax.  at  least  in  the  case  of  fractional  and  negative 
indices ; which  includes  all  the  other  particular  cases  of 
powers,  divisions,  Ac.  This  celebrated  theorem,  a*  proposed  in 
its  simplest  form,  is  this: — Let  a -f  b be  raised  to  the  fourth 
power. 


The  Power*. 

Mod*  of 

ExpTCMiUK 

tiiew. 

1 

Power*  Expanded. 

Square 

(« + if 

a'  + 2«4  + 4* 

Cube 

(»  + if 

«■  + :P»4  + 3»4'  + .4* 

4th  Power . . 

(«  + If 

a*  + 4«*4  + 6a>  4>  +•  4 nit*  + 4' 

6th  Power . . 

(«  + 4y 

a * + 6 a*b  + IOs*i<  + \Qa'b*  + 6 at* 
-j-  //* 

Oth  Pow  tr . . 

<•  + *) 

a*  + tki1  b + I.W&;  + 20aJ^  + 15«* 
b*  + 6 + IA. 

Ac. 

Ac. 

Ac. 

The  tirst  term  a is  raised  to  the  Oth  power,  and  the  second 
term  b to  the  same  power.  In  all  the  intermediate  terms  the 
powers  of  a decrease,  and  the  power*  oT  b increase,  by  unity, 
in  each  successive  term.  In  each  case,  the  co-efficient  of  the 
second  term  is  the  same  with  the  index  of  the  given  power. 
Thus,  in  the  square  it  is  2,  in  the  cube  3,  Ac.  If  the  co-efficient 
of  a in  any  Icrm  be  multiplied  by  its  index,  and  the  produrt 
divided  by  the  number  of  terms  to  that  place,  the  quotient  will 
give  the  co-cflicient  of  the  next  term. 

Thus  arc  we  furnished  with  a general  rule  for  raising  the 
binomial  a b to  any  power,  without  the  process  of  actufti 
multiplication.  For  were  we  required  to  raise  a + b to  the 
eighth  power,  the  rule  just  laid  down  shews  us,  that 


The  first  term  is . . « 
The  second 

8 

The  third  

— j—  a*4  ’ — 28  a*  4* 

The  fourth 

The  fifth  . . . 

SL*1  ..4.  - 66a- 4. 

-6W  X 5 ^4.  — 70a* 4* 

The  sixth 

The  eighth 

— a4’-  8 a 4* 

The  nin/A zz  A*. 

When  the  number  of  terms  is  even  in  the  resulting  quantity, 
the  co-cflicicnts  of  the  two  middle  terras  are  the  same;  and,  in 
all  cases,  the  co-efficients  increase  as  far  as  the  middle  term. 

and  then  decrease  precisely  in  the  same  manner,  till  we  arrive 
at  the  last  term.  Guided  by  this  law  of  the  co-efficients,  we 
need  only  calculate  them  as  far  as  the  middle  lean,  and  then 
set  down  the  remaining  ones  in  an  inverted  order. 

Thus,  in  ) The  first  five  co-cflicicnts  are|  1,  0,  30,  8-1,  126 

* — >'  S Aod  the  la, l five V 126,  84,  36,  9,  1. 

Tliis  rule,  exhibited  in  its  most  general  form  of  the  Seuiouum 
Binomial  Theorem,  is  thus  read  ; 

Suppose  we  w ere  required  to  raise  the  binomial  a + b lo«ruy 
power  denoted  by  n : From  the  principles  already  laid  down. 
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Tbo/i'if  term  would  be  «\ 


The  strand 

if  (u  — 1)  . 

The  third — 2 — 1 

n (n  — 1)  (« — 2) 

Tlie  fourth 


The  fifth 
The  tail  , 
Or,  («  + 

+ 


2.3.4. 

b*. 


,v  . . «(« — 1)  , wfn — IHn — 2) 

by*  zz  a"  + + — 2 — a"-rb*  4* 

«(*-  l)(-2)f n-.l)  _ . 

XiTT a * + &c — + **• 


By  the  same  process,  (a  — &)"  n:  «**  — na*~Jb  4-  ^ — a*-^1 

n(«— l)(n — 2)  , . . . . . 

2,3  ^ + Ac. ; the  signs  of  the  terms  being 

alternately  4-  and  — * 

BIQUADR\TIC  Root,  is  the  fourth  root  of  any  proposed 
quantity  ; thus  2 is  the  biquadratic,  or  fourth  root,  of  16.  The 
biquadratic  root  of  a number  is  found  by  extracting  the  square 
root  of  it,  and  then  the  square  root  of  that  root;  which  last 
result  will  be  the  root  sought.  Thus,  the  fourth  root  of  20736 
is  found  as  follows : 

v/  20736  — 1 14,  the  square  root, 

1/  144  = 12,  the  4 lh  root  sought ; 

und  so  on  for  any  other  nnmbcr. 

Biquadratic  Equation,  is  an  equation  of  the  fourth  degree, 
or  iu  which  the  unknown  quantity  rises  to  the  fourth  power  ; 
thus.  x*4-«;r,4-&x,4*  ex-f-d—O, 

is  a biquadratic  equation,  in  which  a,b,  e,  and  d,  may  be  any 
numbers  whatever,  positive  or  negative,  or  any  of  them  equal 
to  zero  or  0. 

A biquadratic  equation  is  tbe  highest  order  of  equation  that 
admits  of  a general  solution;  all  beyond  this  being  resolvable 
only  in  particular  cases.  For  the  solution  of  equulions  of  the 
fouith  degree,  different  solutions  have  been  proposed  by  several 
authors. 

BIQUTNTILE  Aspect  of  tbe  Planets , is  w hen  they  are  dis- 
tant from  each  other  144°,  or  twice  the  fifth  part  of  300°. 

BIRCH,  Hark  of,  is  used  in  Russia  as  wc  use  tiles  to  cover 
houses ; and  among  the  Indians  of  America,  it  covers  the 
slender  ribs  of  their  cauocs.  Birch  leaves  are  of  use  in  the 
dropsy,  itch.  Ac. 

BIRDS,  in  Heraldry,  represent  a contemplative  or  active 
life,  and  arc  emblems  of  expedition,  liberty,  readiness,  and  fear. 

Birds.  The  skeleton  or  bony  frame  of  birds  is  lighter  than 
that  of  quadrupeds,  and  is  calculated  for  the  power  of  flight ; 
the  spine  is  immoveable,  the  neck  lengthened  and  flexible  ; the 
breast-bone  very  large,  with  a prominent  keel  down  the  middle, 
and  formed  for  the  attachment  of  strong  muscles.  The  bones 
of  the  wings  are  analogous  to  those  of  ihcforc-lcgs  in  quadru- 
peds, but  the  termination  is  in  three  joints,  of  which  the  exte- 
rior one  is  very  short.  The  legs  are  analogous  to  the  hind-legs 
in  quadrupeds,  and  terminate  in  general  in  four  toes,  three  of 
which  are  commonly  directed  forwards,  and  one  backwards  ; in 
some  birds  there  are  only  two  toes,  in  others,  only  three.  All 
the  bones  in  birds  aro  much  lighter  than  in  quadrupeds. 

The  feathers  with  which  birds  are  covered,  resemble  the  hair 
of  quadrupeds,  being  composed  of  a similar  substance  in  a dif- 
ferent form.  Beneath  the  general  plumage,  the  skin  in  birds 
is  covered  with  a much  finer  feathery  substance,  called  dourn. 
The  throat,  after  pussing  down  to  a certain  distance,  dilates 
into  a large  bag,  answering  to  the  stomach  in  quadrupeds:  it 
is  called  the  m>/>.  and  its  great  use  is  to  soften  and  prepare  the 
food  taken  into  it,  for  passing  into  another  receptacle,  called 
the  gizzard.  This  powerful  stomach  consists  of  two  strong 
muscles,  lined  and  covered  with  a strong  coat  furrowed  on  the 
inside  In  tbe  birds  of  prey,  or  aeeipitres,  this  is  wanting,  the 


stomach  being  allied  to  that  of  quadrupeds.  In  this  receptacle, 
the  fond  is  ground,  and  reduced  to  a pulp.  The  lungs  of  biids 
differ  from  those  of  quadrupeds  in  not  being  loose  iu  the 
breast,  but  fixed  to  the  bones  ; they  consist  of  a pair  of  large 
spongy  bodies,  covered  with  a membrane,  which  is  pierced  in 
several  places,  and  communicates  with  large  air-hags,  dis- 
persed about  the  cavities  of  the  body.  The  eves  of  birds  are 
more  or  less  convex  in  the  different  tribes;  and  in  general, 
their  sight  is  more  acute  than  lhat  of  most  other  animals. 
Their  car,  though  internal,  is  constructed  very  nicely,  on  the 
same  general  plan  ns  in  quadrupeds.  Their  organs  of  motion 
•re  two  wings  and  two  legs ; and  they  arc  destitute  of  ex- 
ternal ears,  lips,  and  many  other  parts  which  arc  important  to 
quadrupeds. 

Birds  are  produced  from  eggs,  which  vary  in  number,  size, 
and  colour,  but  are  always  covered  with  a hard  shell,  and  for 
the  most  part  deposited  in  an  artificial  nest,  and  hutched  by 
the  general  warmth  of  the  parent  sitting  upon  them, 

Linmrus  bns  divided  this  class  into  six  orders; — 1,  Accou- 
tres, hawks,  Ac. ; 2.  Picas,  pics,  Ac. ; 3.  i’asscrcs,  sparrows, 
Ac.;  4.  Gallinic,  poultry,  Ac.  ; 6.  Grallx,  herons,  Ac  ; 6.  Au- 
seres,  geese,  Ac. 

The  orders  of  birds  arc  these:— I.  Land  Birds.— 1.  Rapaci- 
ous birds  bare  the  upper  mandible  hooked,  and  an  angular 
projection  on  each  side  near  the  point,  as  the  eagles,  haw  ks, 
and  owls,  2.  Pies,  have  their  bills  sharp  at  the  edge,  some- 
what compressed  at  the  sides,  and  convex  at  tbe  top,  as  the 
crows.  3.  Passerine  birds,  have  the  bill  conical  and  pointed, 
and  the  nostrils  oral,  oprn,  and  naked,  as  the  sparrow  and 
linnet.  4.  Gallinaceous  birds,  have  the  upper  mandible  arched, 
and  covering  tbe  lower  one  at  the  edge,  and  the  nostrils  arched 
over  with  a cartilaginous  membrane,  as  the  common  poultry, 
turkeys,  Ac. 

II.  M'fffer  Birds. — 6.  Waders,  have  a roundish  bill,  a fleshy 
tongue,  and  the  legs  naked  above  the  knees,  as  the  herons, 
plovers,  and  snipes.  6.  Swimmers,  have  their  bills  broa,i  at 
the  top,  and  covered  with  a soft  skin;  and  the  feet  webbed,  as 
ducks  and  geese. 

Birds,  To  Preserve.  The  preserving  of  beautiful  birds,  with 
which  some  foreign  countries  abound,  so  ns  to  retain  their 
natural  form  and  position,  as  well  as  the  beauty  of  their  colours 
and  plumage,  must  be  attended  to  with  gTeat  care,  lest  they 
should  be  destroyed  by  insects,  which  has  often  been  the  case, 
to  the  great  disappointment  of  tho  naturalist.  After  dissecting 
all  the  fleshy  parts  from  the  bones,  arid  removing  the  entrails, 
eyes,  brains,  and  tongue,  the  cavities  and  inside  of  the  skiu 
should  be  sprinkled  with  the  following  antiseptic  powder. 


Muriate  of  mercury  2 or. 

Calcined  nitrate  of  potass  ..................  2 

sulphate  of  alumiuc 2 

Sulphur  4 

Camphor 2 

Pulverized  black  pepper 8 

■■  ■■  ■ tobacco 8 


Mix  the  whole  together,  and  keep  it  in  a glass  vessel,  stopped 
up  very  close.  In  Guiana,  the  number  and  variety  of  beauti- 
ful birds  is  so  great,  that  several  persons  in  the  colony  advan- 
tageously employ  themselves  in  killing  and  preserving  these 
animals  for  the  cabinets  of  the  naturalists  in  the  different 
parts  of  Europe.  The  method  of  doing  this,  os  related  by  Mr. 
Bancroft,  is  to  put  the  bird  which  is  to  be  preserved,  in  a pro- 
per vessel,  and  cover  him  with  high  wines,  or  the  first  distilla- 
tion of  rum.  In  this  spirit  he  is  suffered  to  remain  for  twenty- 
four  or  forty-eight  hours,  or  longer,  according  to  his  size,  till  it 
has  penetrated  through  every  part  of  his  body.  When  this  is 
done,  the  bird  is  taken  out,  and  his  feathers,  which  are  noways 
changed  by  this  immersion,  arc  placed  smooth  and  regular, 
lie  is  then  put  into  a machine  made  for  the  purpose,  among  a 
number  of  others;  and  his  head,  feet,  wings,  tail,  Ac.  aro 
placed  exactly  agreeable  to  life.  In  this  posture  they  are  all 
placed  in  nn  oven  moderately  heated,  where  they  are  slowly 
dried,  and  will  ever  after  retain  their  natural  position,  without 
danger  of  putrefaction. 

To  make  Pictures  tf  Birds,  bjf  Means  of  their  aim  Feathers. — 
Get  a thin  board  or  panel  of  deal,  or  wainscot,  well  seasoned, 


Digitized  by  Google 


108 


B I T 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


RLE 


that  it  may  not  warp.  Paste  white  paper  over  it,  nod  let  it 
dry.  Take  any  bird  you  would  represent,  and  draw  its  outline 
on  the  paper  in  the  attitude  you  desire,  and  of  the  full 
size,  adding  what  landscape,  back  ground.  See.  you  wish. 
This  outliue,  so  drawn,  is  afterwards  to  be  filled  up  with 
the  feathers  from  the  bird,  placing  each  feather  in  that  part 
of  the  drawing  corresponding  to  the  part  of  the  bird  it 
was  taken  from.  Cover  now  the  representation  with  several 
coats  of  strong  gum  water,  letting  it  dry  between  each  coat  till 
ills  of  the  thickness  of  a shilling.  When  your  ground  is  thus 
prepared,  take  the  feathers  oil  from  the  bird,  beginning  at  the 
tail  or  points  of  the  w ings,  as  you  must  work  towards  the  head. 
These  feathers  are  prepared  by  cutting  olT  all  the  downy  part: 
and  the  larger  feathers  have  the  insides  of  their  shafts  pared 
off,  to  make  them  lie  flat.  To  lay  them  on,  use  a pair  of  small 
pliers  to  hold  them  by  ; and  moistening  the  gummed  ground 
with  water,  place  each  feather  in  its  natural  and  proper  situa- 
tion. Keep  each  feather  down,  by  putting  a small  leaden 
weight  upon  it.  till  you  have  another  prepared  to  lay  on.  Be 
careful  not  to  let  the  gum  come  through  the  feathers,  as  it 
smears  them,  and,  slicking  to  the  bottoms  of  the  weights,  will 
be  apt  to  pull  the  feathers  off.  When  you  have  put  on  all  the 
feathers,  cut  a piece  of  round  paper,  and  colour  it  like  the  eye, 
which  you  may  stick  in  its  place ; hut  the  best  way  is  to  get 
eyes  made  of  glass.  The  bill,  legs,  and  feet,  must  be  drawn 
nud  coloured  from  nature.  When  it  is  finished  and  adjusted  to 
your  mind,  lay  a sheet  of  paper  upon  it.  and  upon  that  a heavy 
weight  to  press  ii;  which  must  remain  till  the  w hole  is  quite  dry. 

BISECTION,  the  division  of  n quantity  into  two  equal  parts. 

BISSEXTILE,  or  Leap  Yeah,  in  Chronology,  a year  con- 
sisting of  30G  days,  happening  once  every  four  years,  by 
reason  of  the  addition  of  a day  in  the  month  of  February,  to 
recover  the  six  hours  which  the  sun  spends  in  his  course  each 
year,  beyond  the  3(16  days  ordinarily  allowed  for  it  The  day 
thus  added  is  also  called  bissextile;  Julius  Caesar  having  ap- 
ointed  it  to  be  introduced,  by  reckoning  the  twenty-fourth  of 
ebrunry  twice ; and  ns  this  day.  in  the  old  account,  was  the 
same  as  the  sixth  of  the  calends  of  March,  which  had  been 
long  celebrated  among  the  Romans  on  account  of  the  expulsion 
of  Tnrquin,  it  was  coiled  u bit  sex  tut  calrndas  Martii i.e.  twice 
the  Cth  of  the  calends  of  March ; and  from  hence  wc  have 
derived  the  name  bissextile. 

lly  the  statute  tU  anno  bittertile,  21  Henry  III.  to  prevent 
misunderstandings,  the  intercalary  day,  and  that  next  before 
it.  arc  to  be  accounted  as  one  day. 

The  astronomers  concerned  in  reforming  the  calendar,  by 
order  of  Pope  Gregory  XIII.  in  1682,  observing  that  the  bis- 
sextile in  four  years,  added  forty-four  minutes  more  than  the 
sun  spent  in  returning  to  the  same  point  of  the  zodiac,  and 
computing  that  these  supernumerary  minutes,  in  133  years, 
would  form  a day  ; to  prevent  any  changes  being  thus  in- 
sensibly introduced  into  the  seasons,  directed,  that  in  the 
course  of  400  years,  there  should  be  three  bissextiles  re- 
trenched ; so  that  every  centesimal  year,  which,  according  to 
the  Julian  account,  is  bissextile  or  leap  year,  is  a common 
year  in  the  Gregorian  account,  unless  the  number  of  centuries 
can  be  divided  by  four  without  a remainder.  Thus  1000  and 
2000  are  bissextile;  1700.  1800,  and  190P,  arc  common.  But 
with  die  exceptions  of  the  above  even  centuries,  any  year 
which  exactly  divides  by  four  is  leap  year;  and  when  there  is 
any  remainder,  it  indicates  the  number  of  years  since  leap 
year. 

The  Gregorian  computation  was  received  in  most  foreign 
countries,  ever  since  the  reforming  of  the  calendar;  and  by  act 
of  parliament,  passed  anno  1761,  it  commenced  in  all  the 
dominions  under  the  crown  of  Great  Britain  in  the  year  fol- 
lowing, ordering.  that  the  natural  day  following  the  second  of 
September,  should  be  accounted  the  fourteenth  ; omitting  the 
intermediate  eleven  days  of  the  common  calendar. 

BITTS,  a frame  composed  of  two  strong  pieces  of  timber, 
fixed  perpendicularly  in  the  fore  part  of  a ship,  whereon  to 
fasten  the  cables  as  she  rides  at  anchor  ; in  ship*  of  war,  there 
arc  usually  two  pair  of  cable  bills,  and  when  they  are  both  used 
at  once,  tne  cable  is  said  to  be  double  bitted.  There  arc 
several  other  smaller  bills;  as,  the  topsail  sheet  bills,  paul 
bitts,  car  rick  bills,  ftc. 


BLACK,  an  epithet  applied  lo  any  thing  opaque  and  porous, 
which  imbibes  the  greater  part  of  the  light  that  falls  on  it, 
reflects  Utile  or  none,  and  therefore  exhibits  no  rolour. 

Bodies  of  a black  colour  nre  found  more  inflammable,  be- 
cause the  rays  of  light  falling  oa  them  arc  not  reflected  out- 
wards, but  enter  the  body,  and  are  often  reflected  and  refracted 
within  it,  till  they  arc  stifled  and  lost;  and  all  other  circum- 
stances being  alike,  they  are  also  found  lighter  than  whito 
bodies,  being  more  porous. 

A Prussian  chemist,  (n  Mr.  Salverte.)  in  making  experiments 
to  improve  printers’  ink,  has  discovered  a process  of  producing 
from  hempseed  oil,  a new  species  of  black  pigment,  w hich,  for 
brilliancy  and  intensitv  of  colour,  far  exceeds  any  black  know  u 
heretofore,  .and  promises  to  render  Prussian  black  as  distin- 
guished a colour  as  Prussian  blue  is  at  present.  The  inventor 
has,  vve  understand,  not  only  applied  it  to  improve  printers* 
ink,  but  also  to  other  useful  purposes,  particularly  as  a superior 
and  safe  blacking  fur  tanned  leather. 

The  inflammability  of  black  hudies,  and  their  disposition  to 
acquire  bent  beyond  those  of  other  colours,  arc  easily  evinced. 
Some  appeal  to  the  experiment  of  a white  and  black  glove, 
worn  in  the  same  sun;  the  consequence  will  be,  a very 
sensibly  greater  degree  of  heat  in  the  one  band  than  in  tbc 
other.  The  same  thing  appeals  from  the  phenomena  of  burn, 
ing  glasses,  by  which  black  bodies  are  always  found  to  kindle 
soonest ; thus  a burning  glass,  too  weak  to  have  any  visiLIc 
effect  upon  white  paper,  will  readily  kindle  the  same  paper 
when  rubbed  over  with  ink.  Take  a large  tile,  and  having 
whited  over  one  half  of  its  superficies,  ami  blacked  the  other, 
expose  it  to  the  sun  ; where  having  let  it  lie  a convenient  time, 
you  will  find,  that  whilst  the  whited  part  remains  still  cool,  the 
black  part  hasgrowrn  very  hot.  Fur  farther  satisfaction,  leave 
on  the  surface  of  the  tile  a part  retaining  its  native  red,  and 
exposing  all  to  the  sun,  you  will  find  the  latter  to  have  con- 
tracted a superior  heat  in  comparison  of  the  w kite  part,  but 
inferior  to  that  of  the  black.  £o  also  on  exposing  two  pieces 
of  silk,  one  white  and  the  other  black,  in  the  same  w indow  to 
the  sun,  the  latter  will  be  considerably  heated,  when  the  former 
has  remained  cool.  Booms  hung  with  black  are  not  only- 
darker,  but  warmer  than  others.  Cover  the  bulb  of  a thermo- 
meter with  a blark  coating  of  Indian  ink,  aud  the  mercury  will 
rise  several  degrees. 

BLAG  RAVE,  John,  an  eminent  mathematirian,  who  flou- 
rished about  the  beginning  of  the  seventeenth  century. 

BLEACHING,  an  art  which  has  been  cultivated  from  time 
immemorial,  is  divided  into  two  branches;  the  blenching  of 
vegetable,  and  of  animal  substances.  These  being  of  different 
natures,  require  different  processes  for  whitening  them.  Vege- 
tables consist  of  oxygen,  hydrogen,  and  carbon,  of  which  the 
latter  is  in  the  greatest  proportion  ; animal  substances,  besides 
these,  contain  a large  quantity  of  azote,  with  phosphorus  and 
sulphur.  lienee. 

To  Bleach  Flax  and  Hemp,  which,  if  examined,  will  be  found 
to  consist  of  a thin  bark,  enveloping  a green  sap,  then  the  fibres 
or  filaments  that  are  used  in  the  making  of  linen,  and  within 
that  the  woody  part.  The  fibrous  part  only  is  used  in  the 
making  of  cloth,  and  is  separated  from  the  other  substances, 
by  being  first  steeped  in  soft  water,  until  the  putrefactive  fer- 
mentation takes  place,  with  the  succulent  part,  and  is  taken 
out  of  the  water  as  soon  as  the  wood  breaks  easily  between  the 
hands,  w hile  it  is  yet  green,  and  before  tbc  whole  of  its  sap  is 
separated.  Well  water,  brackish  water,  and  that  which  flows 
over  gypseous  soil,  must  be  avoided,  else  the  putrefaction  will 
be  accelerated,  anti  the  texture  of  the  fibres  injured.  It  is  tbu* 
that  a small  quantity  of  salt  accelerates  animal  putrefaction, 
while  a great  deal  tends  to  prevent  it ; and  the  portion  of  saline 
substances  held  in  solution  in  the  water,  hastens  the  corruption 
of  the  filaments,  which  it  blackens  and  spoils.  This  operation 
of  watering  the  flax,  is  tedious  and  noxious;  it  destroys  the 
fish  in  any  stream  that  may  be  used,  and  the  smell  of  the  putre- 
fying plants  is  offensive.  Modern  chemistry  shortens  this 
process,  and  performs  it  with  less  risk  of  injuring  the  flax,  by 
the  following  process:  If  the  stream  of  a solution  of  caustic 
alkali  in  water  be  introduced  into  a chamber  about  thirty  feet 
square,  in  which  the  flax  is  suspended,  it  will  produce  the 
same  effect  as  watering,  in  less  lime,  with  Icjs  expenses,  aud 
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less  danger  lo  (he  flax,  which  is  frequently  injured  by  being 
too  long  steeped.  Nothing  remains  after  the  watering  is  com- 
pleted, but  the  woody  part,  a hollow  tube  of  compact  flax.  To 
separate  these  stalks,  it  must  be  kiln-dried  to  render  it  brittle, 
but  too  much  heat  must  not  be  applied.  It  is  next  to  be  beaten 
or  broken,  either  by  manual  labour  with  mallets  on  wooden 
anvils,  as  in  the  houses  of  correction,  or  by  mills  for  the  pur- 
pose. By  this  menus  the  flax  is  divided  into  small  fibres,  and 
most  of  the  wood  reduced  to  small  fragments,  which  are  cleared 
away  by  scutching  or  threshiug. 

Hackling,  the  last  process,  is  nothing  more  than  combing 
the  flax  in  small  parcels  at  a time  through  a pile  of  polished 
sharp  iron  spikes,  placed  pretty  close  together,  in  a wooden 
board  ; the  first  hackle  is  coarse,  tho  second  finer,  and  the 
third  finer  again.  The  process  of  hackling  divides  the  fibres 
of  the  flax  from  each  other  ; it  detaches  the  minute  fragments 
of  wood  which  escaped  the  scutching,  and  it  separates  the  tow 
from  the  short  coarse  flax.  The  flax  is  now  ready  to  be  spun 
into  thread  or  yarn,  which  is  afterwards  manufactured  into 
cloth. 

To  Bleach  Linen  Cloth. — The  lineo,  as  it  comes  from  the 
loom,  is  charged  with  the  weaver’s  dressing,  a paste  of  flour 
and  water,  to  make  it  stretch  more  easily.  To  discharge  this, 
the  linen  must  be  steeped  48  hours  iu  water,  till  the  exlra- 
neous  substance  is  decomposed  by  fermentation.  Some 
bleachers  boil  the  linen  in  water ; but  improperly,  for  paste  is 
not  soluble  in  boiling  water.  When  the  linen  is  well  washed 
and  rinsed,  after  the  last  process,  it  is  of  a grayish  white  colour, 
the  fibres  of  which  it  is  composed  are  naturally  very  white. 
And  to  separate  matter  that  discolours  the  liuen,  is  the  busi- 
ness of  bleaching.  This  gray  substance  is  of  a resinous  nature, 
insoluble  in  water,  and  from  its  intimate  union  with  the  very 
fibres  of  the  flax,  it  is  difficult  of  separation,  even  by  substances 
that  have  a solvent  power. 

Alkaline  leys,  or  solutions  of  alkali  rendered  caustic,  have 
the  property  of  dissolving  resins,  and  arc  employed  as  men- 
strua for  this  purpose.  Alone  they  are  not  sufficient  to  com- 
plete the  process  of  bleaching.  What  appears  a single  fibre 
of  flax  in  gray  linen,  is  composed  of  a bundle  of  minute  fila- 
ments, closely  cemented  by  the  resinous  matter : therefore  the 
potash  first  acts  upon  the  resin  of  the  external  coaling  of  the 
filaments;  they  are  thus  loosened  or  separated,  and  exposed  to 
the  further  action  of  the  air.  The  second  boiling  of  potash 
opens  a second  layer,  and  thus  successively  layer  by  layer, 
till  the  whole  is  opened  to  the  centre.  If  the  alkaline  solution 
were  sufficiently  strong  lo  force  its  way  at  once  to  the  centre, 
it  would  act  upon  the  filaments,  and  destroy  the  texture  of 
the  cloth.  Each  filament,  after  the  alkaline  process,  retains 
an  impregnation  of  colouring  matter,  so  intimately  united  as  to 
resist  its  further  action.  This  can  only  be  removed  by  the 
gradual  influence  of  the  atmosphere,  according  to  the  old 
method  of  bleaching,  or  by  the  modern  improvement  of  using  1 
oxygenated  muriatic  acid.  To  explain  the  principle  by  ■ 
which  this  latter  part  of  the  process  is  effected,  we  must  con-  , 
sidcr  that  the  resin,  which  furms  the  colouring  matter  of  j 
. unbleached  linen,  is  composed  chiefly  of  carbon  and  hydrogen ; 
this  is  partly  dissolved  by  the  alkaline  ley,  and  what  remains 
becomes  united  to  the  oxygen  of  the  atmosphere,  flying  off  in 
the  state  or  carbonic  acid  gas,  or  remaining  as  w ater.  The  old  | 
manner  of  bleaching  was  tedious,  two  or  three  months  being  I 
necessary  to  give  the  cloth  its  pure  whiteness.  The  simplicity  j 
of  the  process,  however,  and  the  scanty  apparatus  it  requires, 
recommends  it  to  people  who  make  their  own  cloth,  particu- 
larly in  Scotland  and  Ireland. 

The  method  of  bleaching  by  the  action  of  the  atmospheric 
air  is  this : — After  steeping  the  linen  as  mentioned  above,  to 
remove  the  weaver’s  dressing,  the  pieces  of  cloth  are  dried, 
and  then  submitted  to  the  operation  of  bucking.  For  this  pur- 
pose a ley  is  prepared,  by  dissolving  a quantity  of  potash*  in 
soft  water,  to  which  some  soap  is  added.  This  liquor  is  heated 
to  about  100  degrees,  and  poured  upon  the  linen.  After  the 

* It  U m>M  ecoaoinictl  to  render  it  etatlic  for  the  purpose  of 
Tki«  i(  done  by  Hiding  quicklime  to  the  mild  potash,  the  former  bating  it 
Mroager  affinity  for  the  carbonic  acid  than  the  latter.  Bat  care  moat  be 
taken  not  to  tue  tho  alkali  too  strong. 
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cloth  is  well  down  in  the  ley,  it  is  drawn  off,  heated  a little 
higher,  and  again  poured  upon  the  linen.  This  operation  is 
repeated  at  successive  intervals,  allowing  the  ley  to  rctnoiu 
longer  each  time,  moderately  increasing  the  heat  for  about  six 
hours.  The  cloth  is  then  left  steeping  for  about  four  hours, 
when  it  is  taken  out,  rinsed,  and  carried  to  the  fields,  where 
it  is  spread  upon  the  grass,  and  secured  by  pins;  water  is 
sprinkled  on  it  to  keep  it  moist  for  some  hours.  After  it  has 
lain  half  a day,  the  watering  is  less  frequent,  and  at  night  it  is 
left  to  the  dews.  On  the  succeeding  days  it  is  watered  three 
or  four  times,  if  the  weather  be  dry,  and  then  it  remains  on 
the  field  till  the  air  seems  to  have  little  effect  in  whitening.  It 
is  then  brought  back  to  the  coppers,  and  bucked  again  with  a 
ley  somewhat  stronger  than  the  last,  rinsed,  and  again  spread 
in  the  field.  It  is  thus  alternately  bucked  and  watered  from 
ten  to  fifteen  times,  according  to  the  stale  of  the  weather, 
making  the  bucking  stronger  and  stronger,  till  about  the  middle, 
and  then  weaker  and  weaker  till  towards  the  conclusion  of  the 
operation.  It  must  now  he  soured,  or  steeped,  in  some  acid 
liquor.  The  acid  which  has  been  usually  employed  for  souring, 
is  formed  by  the  fermentation  of  bran  and  water;  sour  whey 
lias  sometimes  been  used.  But  sulphuric  acid  very  much 
diluted,  has  been  found  more  convenient,  and  not  more  injuri- 
ous. The  cloths  are  kept  in  the  souring  for  about  six  days,  if 
the  liquor  be  formed  of  milk  or  bran,  or  a less  time  when  sul- 
phuric acid  is  used.  They  arc  then  rubbed  with  soap,  parti- 
cularly the  selvages,  as  these  resist  most  the  action  of  the  air. 
It  is  again  bucked,  rinsed,  wntered.aud  exposed  to  the  atmo- 
sphere, and  these  processes  are  successively  repeated,  till  the 
linen  has  acquired  its  proper  degree  of  whiteness. 

To  bleach  by  the  oxygenated  muriatic  acid. -The  oxygen- 
ated muriatic  acid  is  only  a combination  of  muriatic  acid  and 
oxygen.  All  vegetable  colours  arc  influenced  by  this  acid,  and 
whitened  with  more  or  less  celerity;  the  colouring  matter 
undergoes  a real  but  slow  combustion,  which  terminates  by 
the  formation  of  carbonic  acid  gas,  that  escapes  into  the  atmu- 
sphere.  In  whatever  manner  the  oxygenated  muriatic  acid  is 
procured,  the  oxygen  adheres  to  it  very  weakly,  and  upon  this 
property  depends  the  possibility  of  producing  speedily,  in  manu- 
factories, that  action  of  bleaching  which  tho  atmosphere  pro- 
duces slowly.  The  method  of  bleaching  by  oxy  genated  muriatic 
acid  was  quickly  and  successively  introduced  into  the  mauij 
factories  of  Manchester,  Glasgow.  Rouen.  Valenciennes,  and 
Courtray;and  it  has  since  been  generally  adopted  in  Great 
Britain,  Ireland,  France,  and  Germany.  Tire  advantages  that 
result  from  this  method,  w hich  accelerates  the  process  of  whiten- 
ing cottons,  linens,  paper,  Ac.  to  a really  surprising  degree,  in 
every  season  of  the  year,  can  be  justly  appreciated  by  conm.cr- 
eial  people  only,  who  experience  its  beneficial  effects  in  many 
ways,  but  particularly  in  the  quick  circulation  of  their  capitals. 
To  save  the  expense  nf  first  preparing  the  muriatic  acid,  you 
may  mix  with  the  oxy  de  of  manganese,  muriate  of  soda,  or  com- 
mon salt,  and  sulphuric  acid  diluted  with  water.  The  sulphuric 
acid  acts  upon  the  salt,  and  disengages  from  it  the  muriatic 
acid,  which  is  oxygenated  by  the  oxyde  of  manganese.  The 
proportions  observed,  when  cotton  is  the  article  to  be  bleached, 
arc,  mangauese,  30  parts;  common  salt,  80;  sulphuric  acid, 
60;  water,  120.  lor  lincn-cloih.  the  proportions  are  a*  follow: 
manganese,  60  parts;  salt,  00;  sulphuric  acid,  00:  water, 
00.  The  better  these  substances  arc  combined,  the  more  easily 
will  the  acid  gas  be  disengaged  by  the  action  of  the  sulphuric 
acid. 

To  ascertain  the  strength  of  the  acid  for  bleaching,  a solu- 
tion of  indigo  iu  the  sulphuric  acid  is  employed.  The  colour 
of  this  is  destroyed  by  the  oxygenated  muriatic  acid,  and, 

[ according  to  the  quantity  of  it  that  can  be  discoloured  by  a 
given  quantity  of  the  liquor,  its  strength  is  determined.  Cloih 
is  prepared  for  immersion  in  oxygeuated  water,  by  first  soak- 
ing it  iu  a ley  of  weak  potash,  and  rinsing  it  afterwards  in 
water,  to  free  it  completely  from  the  weaver’s  dressing,  and 
the  saliva  of  the  spinners.  In  this  country,  machinery  ia 
employed  for  rinsing  and  besting;  the  apparatus  must  bo 
arranged  according  to  the  objects  to  be  bleached;  the  skeins 
of  thread  suspended  in  the  tub  destined  foMbem.  and  the  cloth 
rolled  upon  reels  in  the  aparatus.  When  every  thing  is  thus 
disposed,  the  tubs  are  filled  with  oxygenated  muriatic  acid,  by 
2 F 
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introducing  a funnel,  which  descends  to  the  bottom  of  the  tub, 
in  order  to  prevent  the  dispersion  of  the  gas.  The  cloth  is 
wound,  or  the  frame-work  on  which  the  skeins  are  suspended 
is  turned  several  times,  until,  by  taking  out  u small  quantity  of 
the  liquor  from  time  to  time,  and  trying  it  by  the  test  of  the 
solution  of  indigo,  it  is  judged  that  it  is  sufficiently  exhausted. 
The  weakened  liquor  is  then  drawn  off,  and  may  be  again 
employed  for  another  saturation.  Experience  proves  that  the 
use  of  the  oxygenated  muriatic  acid  alooe  weakened  the  doth, 
and  various  methods  of  preventing  its  noxious  effects  upon  the 
health  of  the  workn.en  were  tried,  till  it  was  discovered  that 
an  addition  of  alkali  to  the  liquor  destroyed  its  suffocniing 
effects,  without  injuring  its  bleaching  powers.  The  process 
began  then  to  be  carried  on  in  open  vessels,  and  has  since 
been  continued  in  this  manner.  The  bleacher  is  now  able  to 
work  his  pieces  in  the  liquor,  and  to  cxpnsc  every  part  of 
them  to  its  action,  without  risk  or  inconvenience. 

Potash  was  at  first  used  for  this  purpose;  and  although  this 
advantage  was  unquestionably  great,  it  was  diminished  hy  the 
heavy  expense  of  the  alkali,  which  was  entirely  lost.  It  was 
afterwards  discovered  that  the  oxymuriatic  acid  might  he  com- 
bined with  the  alkaline  earths,  ns  lime  and  barytes,  and  also 
with  magnesia,  by  this  means  forming  oxy muriates,  which  w ere 
soluble  in  water,  and  had  the  property  of  bleaching.  The 
oxymuriatc  of  lime  is  at  present  used  in  almost  all  the  bleach- 
ing grounds.  If  the  oxygenated  acid  he  passed  through  lime 
water,  it  combines  with  the  lime,  and  forms  nxymuriate  of 
lime;  hut  ns  the  water  can  only  retain  a small  portion  of  lime, 
to  cnu*c  a larger  quantity  of  lime  to  combine  with  the  oxymu- 
riatic add  gas.  the  lime  must  be  mechanically  suspended  in 
the  water,  into  which  the  gas  is  made  to  pass,  and  agitated,  so 
as  to  present  fresh  matter  to  the  gas.  By  this  means  the 
oxymuriatc  of  lime  Is  dissolved  in  water,  ami  used  as  a 
bleaching  liquor  preferable  to  the  oxygenated  muriatic  acid 
and  potash.  At  the  great  bleach. fields  in  Ireland,  four  leys  of 
potash  are  applied  alternately  with  four  weeks'  exposure  on 
the  grass,  two  immersions  in  the  oxygenated  muriate  of  lime, 
a ley  of  potash  between  the  two,  and  the  exposure  of  a week 
on  the  gTass.  between  each  ley  and  the  immersions.  During 
summer,  two  leys,  and  fifteen  days’  exposure,  prepare  cloth 
for  the  action  of  the  oxygenated  muriate;  then  three  alter- 
nate leys,  with  immersions  in  the  liquor,  complete  the  bleach- 
ing, and  nothing  ihen  will  be  necessary,  but  to  wind  the  cloth 
through  the  sulphuric  acid.  The  oxygenated  muriatic  acid 
gas  may  also  be  combined  with  lime  in  a dry  state, or  the  water 
may  be  evaporated  when  it  is  employed  for  the  formation  of  > 
oxymuriates,  which  may  then  be  very  conveniently  transported 
to  any  distance  without  injury  to  its  detersive  power. 

The  sulphurct  of  lime,  or  the  combination  of  sulphur  and 
lime,  which  are  both  cheap  articles,  answer  the  purposes  of 
potash  in  bleaching ; it  is  useful  in  somo  eases,  in  others  it  will 
not  supersede  the  use  of  alkali.  To  prepare  the  sulphuret  of 
lime  for  the  purpose  of  bleaching:  Take  sulphur  of  brim- 
stone. in  fine  powder,  four  pounds;  lime,  well  slaked  and  sifted, 
twenty  pounds ; water,  sixteen  gallons;  mix  these  well,  and 
boil  them  for  half  an  hour  In  an  i>on  vessel,  stirring  them 
briskly.  Soon  after  the  agitation  of  boiling  is  over,  the  solu- 
tion of  the  sulphurct  of  lime  clears,  and  may  be  drawn  off  free 
from  the  insoluhlo  matter,  which  rests  upon  the  bottom  of  the 
boiler.  The  liquor,  in  this  state,  is  of  the  colour  of  small-beer, 
hot  not  so  transparent.  Sixteen  gallons  of  fresh  water  are 
afterwards  poured  upon  the  insoluble  dregs  in  the  boiler,  to 
separate  the  remaining  snlphuret  from  them.  When  it  clears, 
it  is  drawn  off.  and  mixed  with  the  first  liquor;  to  these  again 
thirty-three  gallons  more  of  water  may  be  added,  which  will 
reduce  the  liquor  to  a proper  standard  for  steeping  the  cloth. 
Thus  you  have  sixty  gallons  of  liquor  from  four  pounds  of 
brimstone.  When  linen  has  been  freed  from  the  weaver’s 
dressing,  in  the  manner  already  described,  it  is  to  he  steeped 
in  tbc  solution  of  sulphurct  of  lime  (prepared  as  we  have 
described)  for  about  twelve  or  eighteen  hours,  Ihen  it  is  to  be 
taken  out  and  well  washed.  When  dry,  it  is  to  be  steeped  in 
the  oxymuriatc  of  lime  for  about  fourteen  hours,  and  then 
washed  and  dried.  To  whiten  the  linen,  this  process  is  to  be 
repeated  during  six  alternate  immersions  in  each  liquor. 

The  rationale  ol'  these  processes  is  the  following : The  oxy- 


genated liquor  supplies  to  the  rlolh  the  place  of  the  atmo- 
spheric air,  and  this  in  greater  abundance,  and  in  a state  which 
renders  its  action  on  the  cloth  more  expeditious  and  more 
complete.  By  the  union  of  the  oxygen  with  the  carbon  of  the 
cloth,  carbonic  acid  is  formed,  and  flies  off;  and  the  cloth 
becomes  while. 

To  bleach  by  steam. — As  the  action  of  steam  atone  does  not 
bleach,  tbc  concurrence  of  oxygen  is  necessary  to  aid  the  com- 
position of  the  carbonic  acid  ; for  this  acid  requires  for  its  for- 
1 malion,  58  parts  of  carbon,  saturated  with  72  ol  oxygen  ; hut  all 
the  oxygen  in  the  apparatus  would  not  he  sufficient  to  saturate 
the  colouring  matter  burnt  by  the  alkaline  combustion,  and 
converted  into  rarbon ; this  deficiency  is  supplied  by  immer- 
sion in  any  oxygenated  liquor  whatever,  and  the  dispersion  of 
the  clastic  fluid  thus  formed  is  then  facilitated  by  expo- 
sure on  the  grass.  To  blench  cloth  in  this  manner,  it  must  |>c 
immersed  in  a slight  alkaline  caustic  liquor,  and  placed  in  a 
chamber  constructed  over  a boiler,  into  which  is  put  the  alka- 
line ley  which  is  to  be  raised  into  steam.  Alter  the  fire  has 
been  lighted,  and  the  cloth  exposed  to  the  action  of  the  steam 
for  a sufficient  time,  it  is  taken  nut,  and  immersed  in  the  oxy- 
genated muriate  of  lime,  and  aftcrwnrda  exposed  for  two  or 
three  days  on  the  grass.  This  operation,  which  is  very  expe- 
ditious, will  be  sufficient  for  cotton ; but  if  linen  cloth  should 
still  retain  a yellow  tint,  a second  alkaline  caustic  vapour  bath, 
and  two  or  three  days  on  the  grass,  will  be  sufficient  to  give 
it  the  necessary  degree  of  whiteness.  For  the  use  of 
private  families,  when  the  linen  is  dirtied  by  perspiration  or 
grease,  laundresses  would  do  well  to  steep  it  for  some  time  in 
clear  water,  made  by  mixing  one  quart  of  quicklime  in  ten 
gallons  of  water,  letting  the  mixture  stand  twenty-four  hours, 
and  then  using  the  clean  water  drawn  from  the  lime.  This 
whitens  beautifully  without  injuring  the  cloth.  The  linen  in 
many  families  is  all  washed  in  this  manner.  It  is  to  be  washed 
* as  usual,  but  will  require  much  less  soap  to  be  used. 

To  bleach  Cotton,  requires  not  the  same  preparations  as  hemp 
and  flax.  The  flrst  operation  is  scouring  it  in  a slight  alkaline 
solution,  or  by  exposure  to  steam.  It  is  afterwards  put  in  a 
basket,  and  rinsed  in  running  water.  The  immersion  of  cottou 
in  an  ulkalinc  Icy,  how  well  soever  it  may  be  rinsed,  always 
j leaves  with  it  an  earthy  deposit.  Cotton  bears  the  action  of 
I acids  better  than  hemp  or  flax;  ami  time  is  even  necessary 
j before  their  action  Can  be  prejudicial  to  it.  Hence,  by  press- 
1 ing  it  down  in  a very  weak  solution  of  sulphuric  acid,  and 
afterwards  renewing  the  acid  by  washing,  lest,  remaining  too 
long  in  it,  the  cotton  should  be  destroy  ed  ; all  tbc  earthy  matter 
is  removed  from  it. 

To  bleach  Wool.— Wool  isa  kind  of  hair,  with  which  the  bodies 
of  some  animals  are  covered,  and  is  romposed  of  filaments  or 
tubes,  filled  with  an  oily  or  medullary  substance.  The  sides  of 
f these  tubes  are  perforated  with  a multitude  of  small  pores,  which 
communicate  with  a longitudinal  tube.  By  chemical  analysis, 
wool  gives  a great  deal  of  oil,  and  carbonate  of  ammonia  ; 
caustic  alkaline  leys  dissolve  it  entirely.  It  undergoes  no 
change  in  boiling  water ; and  scarcely  alters  when  preserved 
in  a place  well  aired  ; acids  have  very  little  action  on  it;  and 
when  exposed  to  a strong  heat,  it  enters  into  fusion.  The 
little  action  which  acids  have  upon  wool,  and  its  nnaltcrable- 
ness  in  water,  even  when  aided  by  heat,  render  it  necessary  to 
have  recourse  to  alkaline  or  saponaceous  leys  ; but  its  solidity 
in  these  salts  shews,  that  great  prudence  and  caution  must  be 
employed  in  their  use.  In  regard  to  acids,  none  have  been 
hitherto  used  but  sulphureous  acid,  obtained  in  the  gaseous 
stale  by  combustion. 

In  the  preliminary  operations  to  which  wool  is  subjected,  a 
little  of  ils  grease  is  left,  to  secure  it  from  insects.  Wool  ia 
often  freed  from  the  grease  by  fanners,  who  wish  to  sell  it  at  a 
high  price  ; but  in  the  subsequent  manipulations,  it  is  greased 
before  it  is  combed  and  spun,  and  as  this  fat  matter  attracts 
dust,  it  dirties  and  thickens  the  stuffs.  The  first  kind  of 
bleaching  wool  receives,  frees  it  from  these  impurities.  This 
operation,  called  scouring,  is  generally  performed  by  means  of 
an  amraoniacal  Icy,  formed  of  five  measures  of  river  water  and 
j one  of  stale  urine;  the  wool  is  immersed  for  about  twenty 
minutes  in  a bath  of  this  mixture,  heated  to  fifty-six  degrees ; 

I it  is  then  taken  out,  suffered  to  drain,  and  then  rinsed  in  run- 
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ning  water : this  process  softens  the  wool,  and  gives  it  the  first 
degree  of  whiteness ; it  is  thriee  repeated,  after  which  the  wool 
may  be  employed.  In  sothc  places,  scouring  is  performed 
with  water  slightly  impregnated  with  soap ; and  indeed,  for 
valuable  articles,  this  is  the  preferable  process,  but  it  isexpen- 
Hive  for  articles  of  less  value. 

Falling  the  cloth  adds  still  to  the  whiteness;  and,  if  an 
increased  degree  be  necessary,  it  may  be  procured  by  the 
action  of  the  sulphureous  acid  ; or  of  the  fumes  of  sulphur  in  a 
state  of  combustion,  or  the  vapour  of  that  acid  condensed  and 
combined  with  water. 

Sulphuring  is  performed  in  an  arched  chamber,  constructed 
in  such  a manner,  that  the  articles  exposed  to  the  action  of  the 
sulphur  can  be  suspended.  The  chamber  being  filled,  a certain 
quantity  of  sulphur  is  placed  in  it  in  a state  of  combustion,  in 
flat  dishes,  the  entrance  is  shut,  and  all  the  interstices  around 
the  door  stopped,  to  prevent  the  access  of  the  atmospheric  air. 
The  acid,  generated  by  the  combustion  of  the  sulphur,  pene- 
trates the  stuffs,  attacks  and  destroy*  the  colouring  matter, 
and  effects  the  bleaching.  The  stuffs  are  left  in  the  stoves 
from  six  to  twenty-four  hours  afterwards.  They  are  then 
taken  out,  and  passed  through  a slight  washing  with  soap,  to 
remove  the  roughness  they  have  acquired  by  the  action  of  the 
acid,  and  to  give  them  the  necessary  softness,  llut  then  this 
process  is  imperfect.  At  first,  the  acid  of  the  sulphur  acts 
only  on  the  surfaces,  and  does  not  penetrate.  This  aerial 
immersion  is  not  sufficient;  the  gas  cannot  introduce  itself  to  a 
sufficient  depth  into  the  stuffs,  and  the  superficies  only  is 
whitened. 

A superior  method  has  been  invented,  which  is,  by  making 
nse  of  sulphureous  acid  ; which  is  generated  by  the  imperfect 
combustion  of  sulphur,  and  differs  from  the  sulphuric  acid,  (oil 
of  vitriol,)  by  containing  less  of  the  acidifying  principle.  It  is 
the  mean  between  sulphur  and  the  sulphuric.  Sulphureous 
acid  gas  unites  easily  with  water,  and  in  this  combination  is 
employed  for  bleaching  wool  or  silk.  The  sulphureous  acid  in 
this  liquid  state,  pay  be  prepared  by  passing  it  through  water 
in  an  apparatus  nearly  simitar  fo  that  used  for  preparing  oxy- 
genated muriatic  acid.  The  cheapest  method  of  obtaining  it, 
is  to  decompose  sulphuric  acid  by  the  mixture  of  some  com- 
bustible capable  of  taking  from  it  parts  of  it*  oxygen.  In 
experimental  chemistry,  it  is  obtained  by  means  of  metallic 
substances  with  great  purity,  and  particularly  by  mercury  but 
for  bleaching,  and  where  great  economy  is  required,  wc  would 
recommend  the  most  common  substances,  and  the  following 
process.  Take  chopped  straw,  or  saw-dust,  and  introduce  it 
into  a mattress;  pour  over  it  sulphuric  acid,  applying  at  the 
same  time  heat,  and  there  will  be  disengaged  sulphureous 
acid  gas,  (vapour  of  sulphur,)  which  may  be  combined  with 
water  in  the  apparatus.  The  pieces  arc  rolled  upon  reels,  and 
drawn  through  the  sulphureous  acid,  by  turning  them,  until 
the  whiteness  is  sufficiently  bright.  They  are  then  taken  out, 
and  drained  on  a bench  covered  with  cloth,  lest  they  should  be 
stained  by  the  decomposition  of  the  wood  and  the  sulphureous 
acid.  They  are  next  washed  in  river  water,  and  Spanish 
white  is  employed,  if  necessary.  This  operation  is  performed 
by  passing  the  pieces  throngh  a tub  of  clear  water,  in  which 
eight  pounds  of  Spanish  white  have  been  dissolved.  To  obtain 
a fine  whiteness,  the  stuffs  are  twice  sulphured.  This  process 
is  completed  in  one  immersion,  and  a reeling  of  two  or  three 
hours. 

To  azure  or  blue  the  cloth,  you  throw,  into  the  Spanish  white 
liquor,  a solution  of  one  part  of  Prussian  blue  to  400  parts  of 
water : shake  the  cloth  in  the  liqnid,  and  reel  it  rapidly.  Then, 
by  n slight  washing  with  soap,  to  give  softness  and  pliability 
to  the  staffs,  the  operation  is  terminated.  The  final  operations 
of  drying,  stretching,  pressing.  Ac.  have  all  been  illustrated  in 
what  has  been  said  of  dyeing  and  bleaching  lincu;  for  the 
directions  vary  so  little  in  both,  that  it  would  be  but  a repeti- 
tion to  detail  here  what  the  reader  is  already  acquainted  with. 

To  bleach  Silk. — Silk  is  a semi-transparent  matter,  spun  by 
a caterpillar,  and  formed  of  a substance  contained  in  its  body, 
which  becomes  hard  in  the  air.  The  filaments,  prepared  by 
the  silk-worm,  are  rolled  up  in  a ball,  and  in  this  state  it  is 
covered  with  a yellow  varnish,  that  destroys  its  brilliancy, 
and  renders  it  tough.  By  chemical  analysis,  silk  gives  carbo- 


nate of  ammonia  and  oil ; boiling  water  produces  no  effect 
upon  it ; alcohol  makes  it  experience  no  change,  but  concen- 
trated alkaline  leys  attack  and  dissolvo  it.  To  give  splendour 
to  silk,  it  must  be  freed  from  its  varnish.  This  covering  is 
soluble  in  alkaline  leys.  Silk  is  usually  scoured  by  soap,  when 
it  loses  one-fourth  of  its  weight.  The  matter  disengaged  has 
a fetid  smell,  and  if  the  silk  be  not  rinsed  in  plenty  of  water 
putrid  fermentation  takes  place.  Even  the  least  soap  injures 
the  whiteness  of  the  silk.  This  is  proved  by  the  fact,  that  the 
splendour  of  the  Chinese  silks  is  brighter  than  that  of  the 
European  ; and  the  Chinese  employ  no  soap  in  their  operations. 
A slightly  alkaline  Icy  will  dissolve  the  varnish  of  the  silk  with- 
out using  soap ; and  this  has  also  been  effected  by  the  action 
of  boiling  water  at  a very  high  temperature. 

The  following  method  has  been  used  very  successfully  in 
France.  Take  a very  weak  soluliun  of  caustic  soda,  and  fill 
with  it  the  boiler  of  the  apparatus  for  bleaching  with  steam. 
Charge  the  frames  with  skeins  of  raw  silk,  place  them  in  the 
apparatus  until  it  is  full ; then  close  the  door,  and  make  the 
solution  boil.  Having  continued  tho  ebullition  for  twelve 
hours,  slacken  the  fire,  and  open  the  door  of  the  apparatus. 
The  heat  of  the  steam,  which  is  always  above  U60  degrees,  will 
have  freed  the  silk  from  the  gum,  and  scoured  it.  Wash  the 
skeins  in  warm  water,  wring  them,  place  them  again  on  the 
frame  in  the  apparatus,  and  make  the  whole  boil  a second 
time.  Wash  them  now  several  times  in  water,  and  immerse 
them  in  soapy  water  to  give  them  softness.  But  the  whiteness 
which  silk  acquires  by  these  operations,  is  carried  to  a higher 
degree  of  splendour  by  exposing  the  material  to  the  action  of 
sulphureous  acid  gas,  in  a close  chamber,  or  by  immersing  it  in 
sulphureous  acid,  as  we  have  explained  for  whitening  wool. 

To  bleach  Prints,  and  printed  Books.— The  new  mode  of 
bleaching  has  been  applied  to  the  whitening  of  books  and  prints 
that  have  been  soiled  by  smoke  and  time,  and  therefore  it  will 
be  propeT  that  wc  here  explain  this  process.  To  whiten  an 
engraving,  immerse  it  in  oxygenated  muriatic  acid,  letting  the 
article  remain  in  it  a longer  or  shorter  space  of  lime,  according 
to  the  strength  of  the  liquid.  To  whiten  the  paper  of  a bound 
book,  all  tbe  leaves  most  be  moistened  by  the  acid,  and  there- 
fore care  must  be  taken  to  open  the  book,  and  making  the 
boards  rest  on  the  edge  of  the  vessel,  so  that  the  paper  alone 
shall  be  dipped  in  the  liquid  : the  leaves  must  be  separated 
from  each  other,  to  be  equally  moistened  on  both  sides.  In 
the  same  proportion  as  the  liquor  assumes  a yellow  tint,  the 
paper  becomes  white.  In  about  three  hours,  the  book  must 
be  taken  from  the  acid  liquor,  and  the  leaves  plunged  into  pure 
water,  with  the  same  care  and  precaution  ns  recommended  in 
regard  to  the  acid  liqnor,  so  that  the  water  touch  only  the  two 
surfaces  of  each  leaf.  The  water  must  he  renew  ed  every  hour, 
to  extract  tbe  remaining  acid,  and  dissipate  the  unpleasant 
smell.  By  this  process,  there  is.  how  ever,  some  danger  that  the 
ages  may  not  be  all  equally  while,  either  because  the  leaves 
ave  not  been  sufficiently  separated,  or  because  the  liquid  has 
had  more  action  on  tho  exterior  margins  than  those  near  the 
binding.  The  best  way  is  to  destroy  tbe  binding,  and  each 
leaf  will  thereby  receive  an  equal  and  perfect  immersion  ; this 
second  process  is  thus  described  by  Cuaptal. 

Tliey  begin,"  says  he.  “by  unsewing  the  book,  and  sepa- 
rating it  into  leaves,  which  they  place  in  cases  formed  in  a 
leaden  tub,  with  very  thin  slips  of  wood,  or  glass,  so  that  the 
leaves,  when  laid  fiat,  arc  separated  from  each  other  by  inter- 
vals scarcely  sensible.  The  acid  is  then  poured  in,  making  it 
fall  on  the  sides  of  tbe  tub,  in  order  that  the  leaves  may  not  be 
deranged  by  its  motion.  When  the  workman  judges,  by  the 
w hiteness  of  the  paper,  that  it  has  been  sufficiently  acted  upon 
by  the  acid,  it  is  drawn  off  by  a cock  at  the  bottom  of  the  tub, 
and  its  place  is  supplied  by  clear  fresh  water,  which  weakens 
and  carries  off  the  remains  of  the  acid,  as  well  as  the  strong 
smell.  The  leaves  arc  then  to  be  dried,  and  after  being  pressed, 
may  be  again  bound  up. 

“ The  leaves  may  be  placed  also  vertically  in  the  tab  : and 
this  position  seems  to  possess  some  advantage,  as  they  will  be 
less  liable  to  be  torn.  With  this  view  I constructed  a wooden 
frame,  which  I adjusted  to  the  proper  height,  according  to  the 
size  of  the  leaves  which  1 wished  to  whiten.  This  frame  sup- 
ported very  thin  slips  of  wood,  leaving  only  the  space  of  half  a 
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line  between  them.  I placed  two  leaves  in  each  of  these  I 
Interval*,  and  kept  them  fixed  in  their  place  by  two  smalt 
wooden  wed  fees,  which  I pushed  in  between  the  slips.  When 
the  paper  was  whitened,  1 lifted  up  the  frame  with  leaves,  and 
plunged  them  to  remove  the  remains  of  the  acid,  as  well  as  the 
smell ; this  process  I prefer  to  the  other. 

“ By  this  operation  books  arc  not  only  cleaned,  bat  the  paper 
acquires  a degree  of  whiteness  superior  to  what  it  possessed 
when  first  made.  The  use  of  this  acid  is  attended  also  with 
the  valuable  advantage  of  destroying  ink  spots.  This  liquor 
has  no  action  upon  spots  of  oil  or  animal  grease ; but  it  has 
been  long  known  that  a weak  solution  of  potash  wiU  effectually 
remove  stains  of  that  kind. 

•*  When  I had  to  repair  prints  so  torn  that  they  exhibited 
only  scraps  pasted  upon  other  paper,  I was  afraid  of  losing 
these  fragments  in  the  liquid,  because  the  paste  became  dis- 
solved. In  such  eases  I enclosed  the  prints  in  a cvlindric  glass 
vessel,  which  1 inverted  on  the  water  in  which  l had  put  the 
mixture  proper  for  extricating  the  oxygenated  muriatic  acid 
gas.  This  vapour,  by  filling  the  whole  inside  of  the  jar,  acted 
upon  the  print;  extracted  the  grease  as  welt  as  ink  spots ; and 
the  fragments  remained  pasted  to  the  paper." 

To  prepare  Oxygenated  Muriatic  Acid  by  an  easy  Method.— 
To  oxygenate  the  muriatic  acid,  dilute  it.  and  mix  it  in  a very 
strong  glass  with  manganese,  so  that  the  mixture  may  not 
occupy  the  w hole  contents  of  the  glass.  Air  bubbles  are  formed 
on  the  surface  of  the  liquor ; the  empty  space  becomes  filled 
with  a greenish  vapour ; and  at  the  end  of  some  hours  the 
acid  may  be  farther  diluted  with  water,  and  then  used.  It  will 
have  an  acid  taste,  because  the  whole  has  not  been  saturated 
with  oxygen  ; but  it  will  possess  the  qualities  of  the  oxygena- 
ted muriatic  acid.  This  process  may  be  adopted  when  there  is 
not  lime  to  set  up  an  apparatus  for  distilling,  to  procure  the 
oxygenated  acid. 

To  bleach  Paper. — The  oxygenated  muriatic  acid  has  also 
been  applied  to  bleach  paper,  being  mure  expeditious.  If  we 
were  to  bleach  old  printed  papers,  to  be  worked  up  again,  we 
must  boil  them  for  an  instant  in  a solution  of  soda,  rendered 
caustic  by  potash.  Then  steep  them  in  soap-water,  and  then 
wash  them,  after  which  the  whole  may  be  reduced  to  a pulp  by 
the  paper-mill. 

To  bleach  old  written  papers  to  be  worked  up  again,  we 
steep  them  in  a cold  solution  of  sulphuric  acid  in  water,  after 
which  we  wash  them  before  they  are  taken  to  the  mill.  The 
acidulated  water  will  be  the  more  effectual  if  it  Lc  heated. 

To  bleach  printed  papers  without  destroying  the  texture  of 
the  leaves,  we  steep  the  leaves  in  a caustic  solution  of  soda, 
and  afterwards  In  one  of  soap.  Then  we  arrange  the  sheets 
alternately  between  cloths,  just  as  paper-makers  dispose  their 
sheets  of  paper  when  delivered  from  the  form.  The  leaves 
must  then  be  put  in  a press,  and  they  will  become  whiter, 
unless  they  have  been  stained  with  printers’ ink  or  sire.  If 
one  operation  should  not  completely  effect  the  whitening  of  the 
leaves,  you  must  repeat  the  process  till  it  is  effectual. 

To  bleach  coloured  rags  to  make  while  paper,  we  macerate 
the  rags — then  put  them  into  a solution  of  caustic  alkali,  and 
next  into  the  oxygenated  muriatic  acid ; — lastly,  they  are  to 
be  steeped  in  diluted  sulphuric  acid. — These  processes  of 
bleaching  have  been  classed  under  one  general  title,  though 
the  manufacture  of  paper  has  not  been  treated  in  conjunction 
with  them. 

To  remove  Ink  Stains. — Apply  to  the  stain  muriatic  acid 
diluted  in  six  times  its  weight  in  water,  and  after  a minute  or 
two  w ash  it  off ; the  application  should  be  repeated  as  often 
as  may  be  found  necessary.  The  vegetable  acids  equally 
effectual  arc  attended  with  less  risk.  A solution  of  the  oxalic, 
citric,  (acid  of  lemons,)  or  tartareons  acids,  in  water,  may  be 
applied  to  the  most  delicate  fabrics  withont  danger  or  injury ; 
and  the  same  solutions  will  discharge  w riting,  but  not  printing 
ink.  They  may  be  therefore  employed  in  cleaning  books 
defaced  by  writing  on  the  margin.  Lemon,  and  sorrel  juice, 
will  remove  ink  stains,  though  not  so  easily  as  the  concrete 
acid  of  lemons  or  citric  acid. 

To  remove  Iron  Stains. — Ink  stains,  on  the  application  of 
soap,  arc  changed  into  iron  stains.  But  the  real  iron  stains 
are  occasioned  by  the  cloth  coming  in  contact  with  iron,  or  its 


oxyde.  Both  may  be  removed  by  diluted  muriatic  acid,  or  by 
the  acid  of  lemons.  When  suffered  to  remain  long  on  cloth, 
they  are  taken  out  with  difficulty,  because  the  iron,  by  repeated 
moistening  with  water,  and  exposure  to  the  air,  acquires  such 
an  addition  of  oxygen,  as  renders  it  insoluble  in  adds;  yet 
these  spots  may  be  discharged,  by  applying  first  a solution  of 
an  alkaline  sulphuret,  which  must  be  well  washed  from  the 
doth,  and  afterwards  a liquid  acid.  The  sulphuret,  in  this 
case,  extracts  part  of  the  oxygen  from  the  iron,  and  renders  it 
soluble  in  diluted  acids. 

To  remove  the  stains  of  fruit  and  wine,  prepare  a watery 
solution  of  the  oxygenated  muriatic  acid,  or  oxygenate! 
muriate  of  potash  or  lime,  to  which  n little  sulphuric  acid  ban 
been  added.  Steep  the  stainrd  spot  in  one  of  these  solution*' 
till  it  is  discharged  ; the  solution  can  only  be  applied  to  white 
goods,  for  the  unconibined  oxygenated  arid  discharges  printed 
and  dyed  colours.  The  oxygenate  acid  is  easily  applied  hy 
persons  who  have  not  the  apparatus  for  saturating  w ater  wilt, 
the  gas,  thus : — Put  a table-spoonful  of  muriulic  a*  id  (spirit  of 
salt)  into  a teacup,  and  add  to  it  about  a lea-spoonful  of  pow- 
dered manganese ; set  this  rup  in  a larger  one  filled  with  hot 
water;  moisten  the  stained  spot  with  water,  expose  it  to  the 
fames  which  arise  from  the  teacup,  and  if  the  exposure  be 
continued  a sufficient  length  of  time,  the  slain  will  disappear 
entirely. 

To  remove  spots  of  grease  from  cloth,  take  a diluted  solution 
of  potash,  which  roust  be  cautiously  applied,  to  prevent  injury 
to  the  cloth.  Stains  of  white  wax,  from  wax  candies  dropping 
upon  the  cloths,  arc  removed  by  spirits  of  turpentine,  or  sulphu- 
ric ether,  which  will  also  take  out  the  marks  of  white  paint. 

To  take  spots  of  grease  out  of  books,  prints,  or  paper, 
warm  the  stained  paper  gently,  and  take  out  as  much  of  the 
stain  as  possible  by  means  of  blotting  paper  ; then  dip  a small 
brush  in  essential  oil  of  turprntiuc,  healed  almost  to  boiling, 
(when  cold,  it  acts  weakly,)  and  draw  it  gently  over  both  sides 
of  the  paper,  which  must  be  carefully  kept  warm.  Repeat 
this  operation  as  often  as  the  spot  imbibed  by  the  paper,  or  its 
thickness,  may  render  necessary.  When  the  greasy  substance 
has  been  removed,  the  paper  may  be  restored  to  its  former 
whiteness  by  the  following  method.  l>ip  another  brush  in 
highly  rectified  spirit  of  wine,  and  draw  it  over  the  place  which 
was  stained,  and  particularly  round  the  edges,  to  remove  the 
border  that  would  still  present  a stain.  By  employing  these 
means  with  caution,  the  spot  will  disappear,  and  the  paper 
will  resume  its  original  whiteness.  Should  the  prorcss  be 
employed  on  a part  written  with  common  ink.  or  printed  with 
printers'  ink.  it  will  experience  no  alteration  whatever. 

BLOCK  Machinery.  The  machinery  for  manufacturing 
ship's  bloeksin  the  royal  dockyard  at  Portsmouth,  invented  by 
Brunei,  and  adjusted  in  all  its  parts  by  the  elaborate  nud 
ingenious  calculations  of  Dr.  Gregory,  of  ibc  Royal  Military 
Academy,  Woolwich,  who  gives  the  following  account  Of  this 
apparatus,  in  vol.  ft.  of  his  Mechanics,  is  greatly  and  de- 
servedly celebrated: 

The  machines  devoted  to  this  purpose  have  been  separated 
into  four  classes.  I.  The  sawing  machine  for  converting  the 
large  timber  into  proper  dimensions  for  the  small  muchines  to 
operate  upon.  ‘2.  Those  machines  which  are  employed  in  form- 
ing the  sheaves.  3.  Those  which  form  the  iron  pins  for  the 
blocks.  4.  Those  by  which  the  shells  of  the  blocks  are  manu- 
factured. They  arc  all  w orked  by  means  of  two  steam  engines, 
each  of  thirty-horse  power.  Either  of  these  can  be  applied 
indifferently  to  work  the  chain  pumps,  or  for  turning  the  wood- 
mill  ; and  their  power  is  transmitted  by  a train  of  wheel-work, 
to  a horizontal  shaft,  extending  along  the  centre  of  the  middle 
building,  very  near  its  roof.  Upon  this  are  a number  of  wheels 
and  drums,  which,  by  endless  ropes  and  straps,  communicate 
motion  to  tbe  several  subordinate  machines. 

The  order  of  the  processes  is  this.  The  elm  trees  arc  first 
cut  into  short  lengtns,  proper  to  form  the  various  sizes  ol 
blocks,  by  two  large  sawing  machines,  one  a reciprocating,  the 
other  a cireuUr  saw.  These  lengths  of  the  trees  are  next  cut 
into  squares,  and  ripped  or  split  up  into  proper  sizes  by  Tout 
sawing  benches  with  circular  saws,  and  one  very  large  recipro- 
cating saw,  which  is  employed  for  cutting  up  the  pieces  for  very 
large  blocks. 
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The  scantlings,  thus  prepared  for  the  blocks,  are  perforated 
In  three  boring  machines,  with  a hole  through  each  to  contain 
the  centre  pin  for  the  sheaves  of  the  block,  and  as  many  other 
holes  in  a direction  perpendicular  to  the  former,  as  the  number 
of  sheaves  it  is  tohave  ; these  holes  being  intended  as  the  com* 
menccment  of  the  several  mortises  to  contain  the  sheaves. 

The  blocks  arc  next  mortised  in  three  mortising  engines, 
which  elongate  the  holes  abovementioned  to  their  proper 
dimensions.  Here  the  motion  of  the  sliding  frame  for  the 
chisels,  is  communicated  to  it  by  means  of  a long  working 
beam  or  lever,  extending  the  whole  length  of  the  frame  at  the 
top  of  it.  At  one  cud  it  is  united  by  a connecting  rod  with  the 
chisel  frame ; and  at  the  other  it  is  fixed  to  an  axis,  which  is 
supported  by  the  framing,  and  w hich  forms  its  centre  of  motion. 
A connecting  rod  is  joined  to  it  in  the  middle  of  the  beam  ; the 
lower  end  of  which  is  worked  by  a crank,  formed  in  the  middle 
of  the  main  axis,  which  is  situated  in  a direction  perpendicular 
to  that  which  wc  have  described,  and  is  supported  in  the  fram- 
ing, It  is  provided  with  a cone  for  casting  off  the  movement. 
The  engine  with  the  beam  acts  with  surprising  rapidity,  mak- 
ing upwards  of  400  strokes  per  minute,  at  every  one  of  which 
it  cuts  out  a chip  from  each  mortise  as  thick  as  pasteboard. 
Tts  movement  is,  indeed,  so  rapid,  that  the  chisels  cannot  be 
distinctly  seen  when  it  is  at  work  ; so  that  the  mortises  seem 
to  lengthen,  and  chips  to  falJ  out,  without  any  evidont  cause. 

The  angles  of  the  blocks  arc  next  cut  off  by  three  circnlar 
saws,  as  preparatory  to  reducing  them  to  the  elliptical  figure. 

The  outside  surfaces  of  the  block  are  then  formed  to  their 
true  figure  by  three  shaping-engines,  each  of  which  forms  every 
part  of  ten  blocks  .simultaneously.  The  scores,  or  grooves, 
round  the  block  arc  next  formed,  to  receive  the  rope  or  strap 
by  which  they  arc  suspended;  this  is  effected  by  two  scoring- 
engines.  Then  the  blocks  are  trimmed  by  manual  labour,  to 
smooth  und  polish  them. 

I order  to  make  the  sheaves,  the  first  process  is  cutting 
pieces  ur  Hakes  off  the  end  of  the  trees  of  lignum  vitas,  of  a 
suitable  thickness  to  form  the  sheaves.  This  is  accomplished 
by  a reciprocating  and  two  circular  saws.  These  flakes  arc 
made  circular,  aud  the  centres  pierced  in  two  rounding  and 
centering  machines,  or  trepan  saw. 

A hole  is  next  excavated  in  the  centre  of  each  sheave,  to 
inlay  the  coak  oi  piece  of  bell  metal,  which  is  tilted  into  the 
centre  of  each  sheave,  to  form  a socket  for  the  centre  pin. 
The  centre  holes  through  the  coaks  are  next  broached  out  to 
a true  cylinder  in  three  broaching-machincs. 

The  last  process  is  turning  the  faces  and  edges  of  the  sheaves 
to  a flat  surface,  in  three  facing  lathes,  which  also  form  the 
grooves  round  the  edges  for  them,  for  the  rope  which  encora- 
pussi's  them  when  in  the  block.  There  arc  also  two  machines 
for  making  dead  eyes,  which  are  both  ingenious  and  complete. 
The  whole  number  of  machines  is  thirty-seven. 

Blocks  are  used  for  various  purposes  in  a ship,  either  to 
increase  the  mechanical  power  of  the  rope,  or  to  arrange  the 
ends  of  them  iu  certain  places  on  the  deck,  and  they  may  be 
readily  found  when  wanted  ; they  arc  consequently  of  various 
sizes  aud  power,  and  obtain  various  names,  according  to  their 
form  or  situation,  thus: 

\ Single  Block,  contains  only  one  sheave  or  wheel.  A Double 
Block,  has  two  sheaves.  A Long  Tackle  Block,  has  two  sheaves, 
one  below  the  other.  A Snatch  Block,  is  a single  block  with 
an  opening  on  one  side,  in  which  the  bite  of  a rope  may  be  laid 
instead  of  reeving  the  end  through,  which,  in  some  circum- 
stances, would  be  very  inconvenient.  The  Spring  Block,  an 
invention  of  Hopkiusnn,  of  Philadelphia,  calculated  to  assist  a 
vessel  in  sailing,  and  particularly  intended  by  him  to  be  ap- 
plied to  the  sheets  and  the  dead-eyes;  it  is  composed  of  a 
common  block  or  dead-eye,  attached  to  a spiral  spring  of  well 
tempered  steel,  within  the  cavity  of  which  is  a chain  of  suitable 
strength,  called  a check-chain ; when  the  spring  is  not  in 
action,  this  chain  is  slack  ; but,  when  the  spring  is  extended 
by  the  force  of  the  wind  as  far  as  it  may  be  without  injury,  the 
cneck-cliain  begins  to  hear,  and  prevents  its  farther  extension. 
Top  Block,  is  a large  single  block  with  an  iron  strop  and  hook, 
by  which  it  is  hung  to  an  eye-bolt  in  the  cap,  and  is  nsed  to 
sway  up  or  lower  down  the  topmasts.  Jeer  Blocks,  arc  twofold 
or  threefold  blocks,  applied  to  hoist  or  lower  the  main  and  Coro 
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yards.  Viol  Block  or  Voyal  Block,  is  a large  block  through 
which  the  voyal  or  messenger  passes  when  the  anchor  is 
weighed  by  the  fore  or  jear  capstan.  Clue-garnet  and  Clue- 
line  Blocks,  are  distinguished  from  others  by  having  shoulders 
upon  their  upper  parts,  through  which  the  strop  is  laid,  aud  is 
applied  to  draw  up  the  clues  or  lower  corners  of  tlie  squaro 
sails  to  their  respective  yards.  Cat  Block,  is  a two  or  three 
fold  block,  with  an  iron  strop  and  large  hook  to  it,  and  is 
employed  to  draw  the  anchor  up  to  the  cathead. 

Every  block  is  composed  of  three,  and  genernlly  fonr,  parts : 
1.  The  shell,  or  oatside  wooden  part.  2.  The  sheave,  or 
wheel,  on  which  the  rope  runs.  3.  The  pin,  or  axle,  on  which 
the  sheave  turns.  4,  The  strop,  or  part  by  which  the  block  is 
made  fast  to  any  particular  station,  and  is  usually  made  either 
of  rope  or  of  iron.  Iran-stropped  Blocks,  frequently  have  the 
hook  working  in  a swivel  in  order  to  turn  it,  that  the  several 
parts  of  the  rope  of  which  the  tackle  is  composed,  may  not  be 
twisted  round  each  other,  which  would  greatly  diminish  the 
mechanical  power. 

Block  and  Block , is  the  situation  of  a tackle  when  the  blocks 
are  drawn  close  together,  so  that  the  mechanical  power 
becomes  destroyed  till  the  tackle  is  again  overhauled  by  draw- 
ing the  blocks  asunder. 

I1LONDKL,  Francis.  a celebrated  French  mathematician 
and  military  engineer,  was  born  in  Picardy  in  Ifjl?,  aud  died 
in  Paris  in  16H43.  He  was  author  of  two  distinct  works  on 
architecture,  and  another  on  fortification  ; besides  which,  he 
published  " A Course  of  Mathematics/'  “The  Art  of  throwing 
Bombs/’  and  several  ingenious  pieces  in  the  Mcmoircs  of  the 
French  Academy  of  Sciences,  particularly  in  the  year  l (Kid. 

BLOOD,  Circulation  of  the.  About  the  year  I OHO  Mr.  Har- 
vey, an  English  physician,  discovered  the  process  (if  we  may 
so  call  it)  of  the  circulation  of  the  blood  ; to  form  a distinct 
notion  of  which,  it  will  he  necessary  to  describe  the  structure 
of  the  arteries,  veins,  and  nerves ; and  principally  the  cavities 
of  the  heart,  by  means  of  which  tho  blood  is  propelled  through 
the  body.  To  these  we  now  proceed  : - 

The  arteries  are  blood-vessels  consisting  of  a close  texture 
of  strong  clastic  fibres,  woven  in  various  webs,  laid  in  different 
directions,  and  interspersed  w ith  an  infinity  of  delicate  nerves, 
veins,  and  minuter  arteries.  They  are  divided  and  subdivided 
into  numberless  branches  and  ramifications,  that  become  smaller 
and  smaller  as  they  recede  from  the  heart,  until  at  last  their 
extremities  are  found  much  more  slender  than  the  hairs  of  our 
heads,  (and  are  therefore  called  capillary  arteries.)  which  cither 
unite  in  continued  pipes  with  the  beginnings  of  the  veins,  or 
terminate  in  small  receptacles,  from  which  the  veins  derive 
their  origin.  The  arteries  have  no  valves,  but  only  have  their 
trunks  spring  from  the  heart : they  throb  and  beat  perpetually 
whilst  life  remains  ; their  extremities  differing  in  the  thickness 
of  their  coats  and  some  other  particulars,  according  to  the 
nature  of  the  part  which  they  pervade.  All  the  arteries  in  the 
lungs  (except  the  small  ones  that  convey  nourishment  to  them) 
are  derived  from  the  great  pulmonary  artery,  which  issues 
from  the  right  ventricle  of  the  heart.  And  all  the  arterirs  in 
the  rest  of  the  body  proceed  from  the  aorta,  (which  obtained 
this  name,  because  the  ancients  thought  it  contained  air  only,) 
whose  trunk  springs  from  the  left  ventricle  of  the  heart. 

The  veins  resemble  the  arteries  in  their  figure  and  distribu- 
tion; but  their  cavities  arc  larger,  and  their  branches,  perhaps, 
more  numerous.  Their  coats  are  much  weaker  and  more 
slender  than  those  of  the  arteries.  They  are  furnished  with 
several  valves,  contrived  in  such  a manner  a*  to  permit  tho 
blood  to  pass  freely  from  the  smaller  into  the  larger  branches, 
but  to  slop  its  retrogression.  They  neither  throb  nor  beat. 
Their  beginnings  form  continued  pipes  with  the  extremities  of 
the  arteries,  or  arise  from  some  gland  or  receptacle  where  the 
arteries  terminate.  All  the  veins  in  the  lungs,  from  their 
capillary  beginnings  growing  still  larger,  unito  at  last,  and  dis- 
charge (heir  blood  into  the  left  auricle  of  the  heart:  and  all 
those  in  the  rest  of  the  body  empty  themselves  in  like  manner 
into  the  rena  cava,  which  opens  into  the  right  auricle  of  the 
i heart. 

The  nerves  deduce  their  origin  from  the  brain,  or  its  appen- 
dages, in  several  pairs,  of  a cylindric  form,  (like  so  many  skeins 
I of  thread  with  their  respective  sheaths,)  which  in  their  progress 
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decrease  by  endless  divisions  and  subdivisions,  until  at  last 
they  spread  themselves  into  a texture  of  filaments  so  slender, 
and  so  closely  interwoven  with  each  other  over  the  whole  body, 
that  the  point  of  a needle  can  hardly  be  put  upon  any  part  of 
it,  without  touching  the  delicate  branch  of  some  nerve. 

It  has  been  found  by  many  trials,  that  when  an  artery  is 
laid  bare,  and  a ligature  made  upon  it,  if  it  be  opened  with  a 
laurel  between  the  ligature  and  the  heart,  the  blood  will  rush 
out  with  great  violence  ; and  a rapid,  jerking  stream  will  con- 
tinue,  (if  it  be  not  stopped  by  art,)  until,  through  loss  of  blood, 
the  animal  faints  or  dies.  But  if  the  same  artery  be  opened 
between  the  ligature  and  extremities,  a few  drops  only  will 
ooxe  out  from  the  wounded  coats.  On  the  other  hand,  when  a 
vein  is  laid  hare,  and  a ligature  made  upon  it,  if  it  hr  opened 
between  the  ligature  and  the  extremities,  the  blood  will  gush 
out,  as  we  see  in  common  venesection.  Hut  if  the  same  vein 
be  opened  between  the  binding  and  the  heart,  no  blood  will 
appear.  From  these  experiments  it  is  obvious  to  the  slightest 
attention,  that  the  blood  flows  from  the  heart,  through  the 
arteries,  to  the  extreme  parts  of  the  body;  and  returns  again 
through  the  veins  to  the  heart. 

For  the  regular  performance  and  continuation  of  this  motion 
of  the  blood  through  all  the  dilTerent  pans  of  the  body,  the 
heart,  which  is  the  fnimum  mobile,  giving  the  first  impulse,  is 
furnished  with  four  distinct  muscular  cavities,  that  is,  with  an 
auricle  and  a ventricle  on  the  right  side,  and  an  auricle  and 
ventricle  on  the  left.  Through  these  cavities,  curiously  adapted 
to  their  respective  offices,  the  blood  circulates  in  the  following 
order: — it  is  received  from  the  veins,  first  into  the  right  auri- 
cle, which,  contracting  itself,  pushes  the  blood  into  the  right 
ventricle,  at  that  instant  dilated.  The  moment  this  ventricle  is  ! 
filled,  it  contracts  itself  with  great  force,  and  impels  the  blood 
into  the  pulmonary  artery,  which,  passing  through  the  lungs, 
and  returning  by  the  pulmonary  veins,  is  received  into  the  left 
auricle  of  the  heart,  aod  from  thence  it  is  pushed  into  the  left 
ventricle  ; which,  being  thus  filled,  contracts  itself,  and  drives 
the  Mood  with  great  rapidity  to  all  the  parts  of  the  body, 
and  from  them  it  returns  again  through  the  veins  into  the  right 
auricle  of  the  heart,  as  before. 

It  is  very  remarkable,  that  we  have  here  a double  circulation : 
one  from  tnc  right  ventricle,  through  the  lungs,  to  the  left  auricle 
of  the  heart,  in  order  to  convert  the  chyle  into  blood,  and  finally 
prepare  it  for  the  nourishment  of  the  animal ; the  other,  from 
the  left  ventricle,  through  the  whole  body,  to  the  right  auricle 
of  the  heart,  which  serves  to  apply  that  nourishment  to  every 
part,  besides  various  other  purposes. 

But  to  proceed  : — Of  these  four  muscular  cavities,  the  two 
auricles  are  contracted  at  the  same  instant,  while  the  two  ven- 
tricles are  dilated ; the  ventricles,  in  their  turn,  are  contract- 
ing themselves  at  the  same  instant  that  the  auricles  arc  dilat- 
ing. The  arteries,  in  like  manner,  beat  in  alternate  time  with 
the  ventricles  of  the  heart. 

The  nerves,  as  well  as  the  veins  and  arteries,  act  their  part 
in  this  rotation  of  the  blood ; for  if  the  eighth  pair  of  nerves 
which  proceeds  from  the  brain  to  the  heart  be  hound  up,  the 
motion  of  the  heart  immediately  languishes,  and  soon  eeases 
entirely.  Thus  we  have  a species  of  perpetual  motion,  which 
none  but  a Being  of  infinite  wisdom  and  power  could  produce  ; 

et  whose  continuation  requires  the  constant  aid  of  the  same 

and  that  first  gave  it  existence.  The  brain  transmits  animal 
spirits  to  the  heart,  to  give  it  a vigorous  contraction.  The 
heart,  at  the  same  time,  pushes  the  blood  into  the  brain,  to 
supply  it  with  new  spirits  ; by  which  means  the  head  and  the 
heart  give  continual  mutual  support  to  each  other.  But  this 
is  not  all ; the  Action  of  tho  heart  sends  the  blood  and  other 
vital  humours  over  the  whole  body  by  the  arteries,  and  distri- 
butes nourishment  and  vigour  to  every  part,  (while  perhaps  the 
animal  spirits, from  the  extremities  of  the  nerves,  return  again 
into  the  blood,)  and  the  whole  refluent  mass  is  conveyed  hack 
through  the  veins  into  the  heart,  which  enables  it,  without 
Intermission,  to  persist  in  rolling  this  tide  of  life. 

But  here  it  must  not  be  supposed,  that  the  arteries  pass  on 
to  the  extremities  of  the  limbs,  before  they  communicate  with 
the  returning  veins  ; for  upon  this  supposition,  after  an  ampu- 
tation has  been  performed,  whatever  blood  might  be  brought  to 
the  stump  by  the  arteries,  it  Is  certain,  none  of  k could  be 


carried  back  again  to  the  heart ; because  the  intercourse 
between  the  heart  and  the  limbs  would,  in  this  case,  he  entirely 
cut  off.  But  the  all-wise  Author  of  our  being  has  provided  for 
this  exigency,  by  forming  a great  number  of  less  branches  from 
the  larger  arteries,  which  constantly  communicate  with  corre- 
sponding branches  of  the  returning  veins.  And  hence,  it  is 
easy  to  conceive  how  the  circulation  is  canted  «>n  after  ampu- 
tation has  been  performed. 

BLOWPIPE,  Alcohol. — 1.  Copper  ball,  containing  alcohol. 
2.  Tube  to  convey  alcohol  to,  II.  A lamp,  which  keep.-,  it  boil- 
ing. 4.  Jet  of  alcohol  inflamed  by  the  lamp.  6.  Glass  tube, 
bent  by  the  flame. 


This  is  really  an  useful  instrument.  The  alcohol  in  the  cop- 
per ball  is  boiled  by  the  flame  of  the  lamp  placed  underneath; 
this  causes  expansion,  and  the  escape  of  the  gas  in  n jet 
passing  through  the  flame ; and  from  its  highly  inflammable 
nature,  a stream  of  intense  heat  is  thus  made  to  play  upon 
any  substance  you  wish  to  bring  into  fusion.  There  arc  many 
different  kinds  of  blow  pipe* ; hut  none  more  powerful  than  the 
Oxy-hydrogen  blowpipe  of  Mr.  Gurner. 

A flux  for  the  blowpipe,  that  will  cause  the  particle  of 
mineral,  under  examination,  to  run  into  a metallic  globule 
upon  the  charcoal,  as  soon  as  any  other  now  in  use,  may  he 
thus  made  : — Take  of  borax  1 ounce,  nitre  2 drachms,  poundcil 
flint  glass  2 drachms,  and  calcined  horse’s  hoof  half  an  ounce: 
these  are  all  to  be  fused  together  in  a crucible,  taking  care  to 
add  the  horse's  hoof  last,  and  stirring  it  well  in  with  an  iron 
spatula  ; when  it  is  quite  fluid,  pour  it  into  cold  water,  which 
will  render  it  brittle,  and  thereby  it  may  be  easily  pulverised. 
It  is  to  be  kept  in  well-closed  phials,  free  from  moisture,  and 
tho  expense  will  be  very  trifling,  compared  with  its  great 
importance. 

Hydrogen  gas  mixed  with  oxygon,  furnishes  an  explosive 
compound  of  prodigious  force.  These  gases,  mixed  in  a blad- 
der, in  the  exact  proportion  to  form  water,  and  afterwards 
condensed,  and  allowed  to  issue  by  a jet,  which  may  be  in- 
flamed. and  used  in  the  operations  of  the  blowpipe,  under  the 
title  of  Oxy-hydrogen  Gas  Blowpipe,  of  which  the  following 
figure  represents  Mr.  Gurney's  instrument. 
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Mr.  Gurney  has  proved,  by  experiment,  that  the  flame  from 
a mixture  of  oxygen  and  hydrogen  gases  will  pass  through 
successive  lasers  of  the  smallest  wire  gauze: — through  the 


smallest  apertures  made  in  lead  through  plaster  of  Paris  ; 
pipe  clay;  the  natural  pores  of  cane;  and  those  of  Hondu- 
ras mahogany.  He  has  shewn,  that  no  means  have  hitherto  : 
been  adopted,  capable  of  preventing  the  explosion  of  these 
mixed  gases  under  certain  circumstances;  and  has  thus  shewn 
the  great  danger  attending  the  use  of  instruments.  One  of 
the  principal  advantages  attending  the  well  constructed 
blowpipe  before  us,  consists,  it  is  said,  in  its  being  perfect /y 
in  ft  ; and  every  apprehension  of  danger  being  thus  removed 
from  the  mind  of  the  operator,  he  is  enabled  to  give  bis  undi- 
vided attention  to  the  changes  and  effects  taking  place  in  the 
substance  operated  upon ; and  whilst  coolly  examining,  and 
noting  every  circumstance,  a slight  pressure  with  one  hand  is 
all  that  is  requisite  to  produce  a degree  of  heat  of  any  required  ( 
intensity.  In  this  machine,  A is  the  safety  chamber,  B a water 
trough,  through  which  the  gas  is  made  to  pass  from  the  gaso- 
meter D,  by  the  stop-cock  C.  through  a tube  which  reaches  to 
the  bottom  of  the  water  trough ; E is  a cork,  fitted  into  the 
neck  of  the  same,  from  which  it  is  thrown  out,  should  an 
explosion  take  place  on  the  surface  of  the  water;  F is  a gauge, 
to  indicate  the  necessary  height  of  the  column  of  water  in  the 
trough ; G is  a transferring  bladder,  which  is  made  U)  screw 
and  unscrew  to  and  from  the  stop-cock  H,  and  for  supplying 
the  gasometer  with  the  gases,  which  may  be  charged  and  re- 
charged at  pleasure  by  an  assistant  during  its  action,  so  as  to 
keep  up  the  most  intense  flame,  for  any  length  of  time.  A 
valve  is  placed  between  the  gasometer  and  the  transferring 
bladder,  which  prevents  the  return  of  the  gas;  I,  I is  the  light 
wooden,  or  stiff  pasteboard  cap,  which  combines  sufficient 
strength,  with  great  lightness,  so  that  in  case  an  explosion  of 
the  gasometer  should  happen,  it  is  merely  thrown  a short  height 
into  the  air,  hy  the  force  rupturing  the  strings  which  connect 
the  cap  to  the  press  board.  To  these  strings  are  attached 
small  wires,  which  pass  through  the  table  of  the  instrument, 
as  at  L into  the  press  board  below,  where  the)  are  secured  ; this 
press  board  is  kept  in  an  horizontal  position  by  the  stand,  so 
that  when  the  requisite  pressure  is  given  to  it.  the  cap  I,  I is 
brought  to  bear  equally  on  the  gasometer  I).  The  gasometer 
bladder,  (or  silk  bag.)  is  tied  to  a piece  of  bladder,  which 
screws  into  a long  tube,  laid  into  and  across  the  table,  which 
permits  it  to  be  unscrewed  at  pleasure  from  the  body  of  the 
instrument,  and  immersed  in  warm  water,  when  it  requires 
softening;  affording  also  the  means  of  fixing  on  another 
bladder,  if  any  accident  renders  it  necessary.  The  stop-cock 
of  the  charging  bladder  G is  fixed  at  one  end  of  the  tube  just 
described,  and  the  slop-cock  of  the  water  trough  on  the  other. 

To  operate  with  the  instrument,  pressure  by  the  hand  is 
applied  to  the  press  board,  which  draws  down  the  cap  I,  I on 
the  gasometer  D,  and  forces  the  gas  which  it  contains  through 
the  stop-cock  C,  through  the  water  tube  and  safety  chamber 
A.  to  the  jet  at  the  end,  where  it  is  burned.  When  the  pressure 
on  the  press  board  is  too  slight,  or  when  the  hand  is  taken  off, 
the  flame  returns  into  the  safety  chamber,  and  is  extinguished. 
When  it  is  required  to  suspend  the  operation,  the  hand  need 
only  be  taken  off  from  the  pressing  board,  the  water  in  tbc 
trough  nols  as  a self-acting  valve,  in  preventing  the  escape  of 
the  gas  from  the  instrument,  and  saves  the  necessity  of  turning 


the  stop-cock.  A silk  tube  is  attached  to  the  end  of  the  tube 
before  described  in  the  water  trough,  which  prevents  the 
splashing  of  the  water,  sometimes  occasioned  by  unskilful 
management. 

The  case  and  confidence  with  which  this  instrument  may  be 
used,  and  its  wonderful  power  in  reducing,  almost  instan- 
taneously, the  hardest  and  most  refractory  substances,  will 
enable  the  chemist,  the  philosopher,  aud  the  artisan,  to  avail 
themselves  of  the  astonishing  powers  of  an  oxy-hydrogrn  blow  - 
pipe, not  only  without  any  personal  risk,  but  even  without  the 
apprehension  of  any.  Gun  flints  arc  instantly  fused  by  this 
instrument,  and  formed  into  a transparent  glass  ; (but  owing 
to  the  rapid  expansion  of  the  water  of  cry  stallization,  which 
causes  tbc  flints  to  break  and  fly  off  in  pieces,  it  is  recommended 
that  they  be  first  deprived  of  it  by  calcination.)  China  mrlts 
into  a perfect  crystal.  All  kinds  of  porcelain  arc  readily  fused  ; 
previously  assuming  a beautiful  white  vitrified  appearance. 
Rock  crystal  is.  quickly  melted,  giving  out  a beautiful  light. 
Emerald,  sapphire,  topaz,  beryl,  and  all  the  other  precious 
stones,  melt  before  it  into  transparent  glassy  substances.  Ba- 
rytes, strontia,  lime,  allumina,  exhibit  very  striking  and  beautiful 
phenomena.  Magnesia  fuses  into  hard  granular  particles,  that 
will  scratch  glass.  The  metals  (even  platina)  are  all  quickly 
fused  by  it.  A steel  file,  brought  into  contact  with  the  flame, 
fuses  and  scintillates  in  tbc  most  beautiful  manner,  forming  a 
magnificent  firework.  In  a word,  all  descriptions  of  stonrs, 
slates,  and  minerals,  are  melted*  sublimed,  or  volatilized,  by  its 
all-subduing  power. 

Blowing  of  OIm.  See  Glvss. 

Blowing  .Slackinet.  See  Furnace. 

. BLUE,  one  of  tbc  seven  primitive  colours  of  the  rays  of 
light,  into  which  they  are  divided  when  refracted  through  a 
glass  prism.  See  Colours  and  Prism.  The  blue  colour  of  the 
sky  is  a remarkable  phenomenon,  which  has  been  variously 
accounted  for  by  different  philosophers.  La  Hire,  after  Leo- 
nardo de  Vinci,  attributed  it  to  the  effect  which  is  produced  by 
viewing  a dark  body  through  a white  transparent  one,  which 
he  observes  always  gives  the  sensation  of  blueness  ; and  thus 
the  sky  being  itself  totally  devoid  of  light,  when  viewed  through 
the  air  illuminated  and  whitened  by  the  sun,  appears  of  that 
blue  colour  so  constantly  observed.  According  to  Newton, 
however,  the  phenomenon  is  to  be  accounted  for  on  other 
principles.  He  observes,  that  all  the  vapours,  when  they  begin 
to  condense  and  coalesce  into  natural  particles,  become  first  of 
such  a bigness  as  to  reflect  the  azure  rays,  before  they  ran 
constitute  clouds  of  other  colours.  Bouguer  ascribes  this 
blueness  of  the  sky  to  the  constitution  of  the  air  itself,  being 
of  such  a nature  that  the  fainter  coloured  rays  are  incapable  of 
making  their  way  through  any  very  considerable  portion  of  it. 
We  coneeive,  that  this  blue  colour  is  occasioned  by  the  vapours 
mixed  with  air,  and  which  have  the  property  of  reflecting  the 
blue  rays  more  copiously  than  any  others. 

BOATS,  small  open  vessels,  conducted  on  the  water  by 
rowing  or  sailing,  are  distinguished  by  different  names,  accord- 
ing to  their  size  and  construction.  The  long  boat,  usually  the 
largest  boat  that  accompanies  a ship,  is  generally  furnished 
with  a mast  and  sails,  and  may  be  armed  and  equipped  for 
cruising  short  distances  ; her  principal  employ,  however,  is,  to 
bring  heavy  stores  or  provisions  on  board,  and  also  to  go  up 
small  rivers  to  fetch  water,  wood,  Ac.  The  launch,  a boat 
which  has  greatly  superseded  the  use  of  the  long  boat,  particu- 
larly by  merchant  ships  in  the  Mediterranean,  is  longer,  more 
flat-bottomed,  and  hy  rowing  a greater  number  of  oars,  is 
better  adapted  for  going  into  narrow  and  shallow  rivers.  The 
barge,  a long,  narrow  , and  light  boat,  employed  to  carry  the 
principal  officers,  as  admirals  and  captains  of  ships  of  war,  and 
is  very  unfit  for  sea.  A pinnace  resembles  a barge,  but  is 
smaller,  never  rowing  more  than  eight  oars,  whereas  a barge 
never  rows  less  than  ten  ; the  pinnace  is  for  the  accommoda- 
tion of  the  lieutenants,  Ac.  The  cutters  of  a ship  are  broader, 
deeper,  and  shorter  than  the  barge  or  pinnace,  are  fitter  for 
sailing,  and  commonly  employed  in  carrying  light  stores,  pas- 
sengers, Ac.  to  and  from  the  ships ; they  are  built  diflcrently 
from  the  former  boats  ; the  lower  edge  of  every  plank  overlay- 
ing the  upper  edge  of  the  plank  below  it,  which  is  called  clinch 
work.  They  generally  row  six  oars ; sometimes  only  four, 
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which  last  is  termed  a jolly  boat.  Yawls  resemble  pinnaces, 
hut  are  generally  towed  with  si*  oars.  A wherry  is  a sharp  light 
boat,  used  in  rivers  or  harbours.  The  wherries  allowed  to  ply 
about  London,  are  either  scullers  wrought  by  a single  person 
with  two  oars,  or  oars  wrought  by  two  persons,  with  each  an 
oar.  A Moses  is  a flat-bottomed  boat  used  in  the  West  Indies, 
for  bringing  oflf  hogsheads  of  sugar,  and  is  termed  single  or 
double,  according  to  its  size.  A punt  is  a sort  of  oblong  flat- 
bottomed  boat,  nearly  resembling  a floating  stage.  A felucca 
is  a large  and  strong  passage-hoat,  used  in  the  Mediterranean, 
having  from  ten  to  sixteen  banks  of  oars. 

BOAT-HOOK,  an  iron  hook  with  a sharp  point  on  the  hin- 
der part  thereof ; it  is  fixed  upon  a long  pole,  by  tbe  help  of 
which  a boat  is  either  polled  to,  or  pushed  off  from,  any  place. 

BOB  of  a or  Ball  of  a Pendulum,  is  tbe  metallic 

weight  which  is  attached  to  tbe  lower  extremity  of  a pendulum 
rod,  by  means  of  a tapped  adjusting  nut,  at  such  a distance 
from  the  point  of  suspension  as  the  time  of  a given  vibration 
requires.  See  PlKDHUJN. 

BODY,  or  Solid,  in  Geometry,  is  that  which  has  three 
dimensions,  vis.  length,  breadth,  and  thickness. 

Body,  in  Physics  of  Natural  Philosophy,  is  a solid,  ex- 
tended. palpable  substance ; of  itself  merely  passive,  and 
indifferent  either  to  motion  or  rest ; but  capablo  of  any  sort  of 
motion,  and  all  figures  and  forms.  Body  is  composed,  accord- 
ing to  the  Peripatetics,  of  mailer,  form,  and  printhM ; accord- 
ing to  the  Epicureans  and  Corpuscu  lari  bus.  of  an  assemblage 
of  hooked  heavy  atom/;  according  to  the  Cartesians,  of  a cer- 
tain quantity  of  extension ; and  according  to  the  Newtonians, 
of  a sy  stem  of  association  of  solid,  massy,  hard,  impenetrable, 
moveable  particles , ranged  or  disposed  in  different  manners, 
whence  result  bodies  of  different  forms,  which  receive  particu- 
lar denominations,  according  to  the  circumstances  under  which 
they  appear.  These  elementary  or  component  particles  of 
bodies  must  be  infinitely  hard,  so  as  ever  to  remain  unbroken 
and  unchanged  ; which,  as  Newton  observes,  is  necessary,  in 
order  to  the  world's  remaining  in  the  same  state,  and  bodies 
continuing  of  the  same  nature  and  texture  in  several  ages. 

Bodies  are  cither  hard,  soft,  or  elastic.  A hard  Body  is  that 
whose  parts  do  not  yield  to  any  stroke  or  percussion,  but 
retains  its  figure  unaltered.  A soft  Body  is  that  whose  parts 
yield  to  any  stroke  or  impression,  without  restoring  themselves 
again.  An  elastic  Body  is  that  whose  parts  yield  to  any  stroke, 
but  immediately  restore  themselves  again,  and  the  body  retains 
the  same  figure  as  at  first.  Wc  know  not,  however,  of  any 
bodies  that  arc  perfectly  bard,  soft,  or  elastic ; but  ail  possess 
these  properties  in  a greater  or  less  degree. 

Bodies  are  also  either  rob'd  or  fluid.  A solid  Body  is  that  in 
which  the  attractive  power  of  tbe  particles  of  which  it  is  com- 
posed exceed  their  repulsive  power,  and,  consequently,  they 
arc  not  readily  moved  one  among  another,  and  therefore  the 
body  will  retain  any  figure  that  is  given  to  it.  A fluid  Body  is 
that  in  which  the  attractive  and  repulsive  powers  of  the  parti- 
cles are  in  exact  equilihrio,  and  therefore  yields  to  the  slightest 
impression.  See  Solid  and  Fluid. 

Regular  Bodies,  or  Platonic  Bodies,  are  those  which  have 
all  their  sides,  angles,  and  planes,  similar  and  coual,  of  which 
there  arc  only  the  five  following,  vir. 

1.  Tctraedron, contained  under  4 equilateral  triangles. 


2.  Hcxacdron.  .............  6 squares. 

3.  Oclardron 8 triangles. 

4.  Dodecaedrou, 12  pentagons. 

5.  Icosncdron 20  triangles. 


For  the  method  of  forming  the  five  regular  bodies,  as  also  for 
finding  oat  the  surfaces  and  solidities,  see  tbe  respective 
articles. 

BOILING.  See  Ebullition. 

BOMB,  a large  shell  of  east  iron,  having  a great  vent  to 
receive  the  fusee,  which  is  made  of  wood.  Bombs  are  of 
different  magnitudes,  and  are  filled  with  gunpowder  and  other 
combustibles.  When  shut  from  the  mortar,  the  fusee  in  them 
takes  fire,  am)  its  Irngih  is  so  adjusted,  that  by  the  time  the 
shell  has  finished  its  flight,  the  fusee  has  burnt  np,  and  ex- 
plodes the  gunpowder  within  so  as  to  burst  the  shell  to  pieces 
just  as  it  is  falling  to  tbe  ground  ; this,  of  course,  increases  its 


execution,  and  causes  greater  devastation.  A grenade  re- 
sembles a bomb,  but  is  leas,  and  may  be  cast  with  tbe  hami 
The  usual  weight  of  a grenade  is  three  pounds ; and  filled  with 
a strong  powder  lighted  by  a fusee. 

BOOKBINDING.  The  leaves  being  accurately  folded,  are 
beaten  with  a hammer  on  a stone,  to  make  them  smooth,  and 
lie  close  ; they  are  then  put  into  a press,  and  sewed  on  boards, 
after  which  the  hacks  are  glued,  and  the  bands  opened  and 
scraped  to  fix  the  pasteboard  covers ; the  back  is  rounded 
with  a hammer,  and  the  book  is  fixed  in  a press,  between  two 
boards.  Holes  are  then  made  for  fixing  the  pasteboards  to  the 
volume,  which  is  pressed  a third  time.  It  is  then  put  to  the  cut- 
ting-press, between  two  boards,  one  lying  even  w itn  the  press  for 
the  knife  to  run  upon,  the  other  above  for  the  knife  to  run 
against;  after  this  operation,  the  pasteboards  arc  souarrd  ; the 
leaves  sprinkled,  by  dipping  a brush  in  vermilion  and  sap  green, 
holding  it  in  one  hand,  and  spreading  the  hair  with  the  other. 
The  leather  covers  arc  moistened,  cut  to  the  size  of  the  kook, 
smeared  with  paste,  and  afterwards  stretched  over  tbe  paste- 
board on  the  outside,  and  doubled  within,  after  having  taken 
off  tbe  four  angles,  and  indented  and  platted  the  cover  at  the 
head-band.  The  book  is  now  covered  and  bound  between  two 
bands,  and  set  to  dry.  It  is  afterwards  washed  with  paste  and 
water,  and  then  sprinkled  with  a brush ; if  marbling  he 
required  on  tbe  leathern  covers,  the  spots  are  made  by  the 
addition  of  vitriol.  The  book  is  glazed  with  the  white  of  an 
egg,  and  polished  with  a hot  iron;  the  letters  and  ornaments 
arc  made  with  gilding  tools,  or  brass  cylinders,  rolled  along  by 
a handle.  To  apply  the  gold,  the  leather  is  glazed  with  whites 
uf  eggs  dilated  with  water,  when  nearly  dry  the  gold  leaf  is 
laid  on,  and  the  letters,  or  ornaments,  are  made  with  tools 
heated  in  a charcoal  fire.  For  preserving  books  from  ihe  depre- 
dations of  worms, — mineral  salts,  alum,  and  vitriol  should  be 
mixed  with  the  paste  used  by  bookbinders ; and  instead  of 
flower,  the  paste  should  be  made  of  starch.  A little  pulverized 
alum  is  useful,  if  strewrd  between  the  book  and  its  cover,  and 
upon  the  shelves  of  the  library,  A few  drops  of  any  perfumed 
oil  will  secure  libraries  from  the  consuming  effects  of  moutdi- 
ness  and  damp.  Russian  leather,  which  is  perfumed  with  the 
tar  of  the  birch-trcc,  never  moulders ; and  merchants  suffer 
large  bales  of  this  article  to  lie  in  tbe  London  docks  in  the 
most  careless  manner,  knowing  that  it  cannot  sustain  any  injury 
from  damp. 

BOOM,  in  Marine  Fortification,  a strong  iron  chain,  fastened 
to  a number  of  spars,  and  extending  athwart  the  mouth  of  a 
harbour  or  river,  to  prevent  the  enemy's  vessels  from  entering, 
but  may  be  occasionally  sank  or  removed. 

Boom,  a long  pole  run  out  from  different  places  in  the  ship, 
to  extend  the  bottoms  of  particular  sails,  as  jib-boom,  flying 
jib-boom,  studding-sail  booms,  driver  or  spanker-boom,  ring- 
tail boom,  main-boom,  square-sail  boom,  Ac. 

Fire  Booms,  strong  poles  occasionally  thrust  out  from  a 
ship's  side,  Ac.  to  prevent  the  approach  of  fireships,  fireslagcs, 
or  vessels  accidentally  on  fire. 

Booming,  among  Sailors,  denotes  the  application  of  a 
boom  to  the  sails.  Booming  of  tbe  sails  ia  never  used  but  in 
quarter  winds,  or  before  a wind.  When  a ship  is  said  to  come 
booming  towards  us,  it  signifies  that  she  comes  with  all  the  sail 
she  can  make. 

BOOTES  and  Mows  Menalus,  a Constellation  in  the 
northern  hemisphere.  Grecian  fable  makes  Bootes  to  be 
Areas,  a son  of  Jupiter  and  Calisto.  Juno,  who  was  jealous 
of  Jupiter,  changed  Calisto  into  a bear;  and  she  was  near  being 
killed  by  her  son  Areas  in  bunting.  Jupiter,  to  prevent  farther 
mischief  from  huntsmen,  made  Calisto  the  constellation  Ursa 
Major,  and  on  the  death  of  Areas,  transferred  him  to  heaven, 
with  the  title  and  office  of  Bear  Guard.  The  splendid  star 
Arctarus,  is  frequently  mentioned  in  holy  writ,  particularly 
in  the  book  of  Job.  This  star  is  placed  near  Virgo,  in  a line 
with  Spica,  on  the  meridian  of  the  Ecliptic.  The  ancient 
Greeks  called  this  constellation  Lycann.  The  Hebrews  call  it 
“the  Barking  Dog."  The  Latins,  among  other  names,  called 
Bootes  Cunts.  Going  back  to  the  time  when  Taurus  opened 
the  year,  and  when  Virgo  was  the  fifth  of  the  zodiacal  signs,  wc 
shall  find  the  brilliaol  star  Arctarus,  so  remarkable  for  its  red 
and  fiery  appearance,  corresponding  with  a period  of  tbe  year 
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As  remarkable  for  ils  heat  Pythagoras,  who  introduced  the 
true  system  of  the  universe  into  Greece,  received  it  from 
Oenuphis.  a priest  of  On,  in  Egvpt.  And  this  college  of  the 
priesthood  was  the  noblest  of  the  £-«st.  in  cultivating  the  studies 
of  philosophy  and  astronomy.  Among  the  high  honours  which 
Pharaoh  conferred  on  Joseph,  he  very  wisely  gate  him  in  mar- 
riage a daughter  of  the  priest  of  On.*  Joseph  is  said  to  have 
died  1636  years  before  Christ.  The  supposed  era  of  the  history 
of  the  boot  of  Job  is  fixed  1513  years  before  Christ.  These 
facts  are  IWO  years  prior  to  the  age  of  Pythagoras.  And  it  is 
4000  years  since  the  bull  ceased  to  be  the  leader  of  the  celestial 
host.  The  Greeks  cannot  then  claim  the  Invention  of  the  con- 
stellation Bootes. 

Boundaries  and  Contents  of  this  Constellation : — North  by 
Draco,  east  by  Corona  Borealis  and  Serpen.*,  south  by  Virgo, 
and  west  by  Canes  Venatici  and  Coma  Bernices.  Bootes  con- 
tains 54  stars,  namely,  one  of  the  1st  magnitude,  six  of  the  3d, 
eleven  of  the  4tb,  Ac.  Arcturus,  the  largest  star  in  this  con-  l 
atcllation,  having  211°  54'  10*  right  ascension,  and  20P  S' 0* 
N.  declination,  rises  and  culminates,  at  London,  as  in  the 
following  tabic:  Mcridiao  Altitude,  68°  37'. 


Month.  [ 

Risks.  I 
ho.  mi- 

CCLW. 
bo.  mi. 

j Month.  1 

Rises.  I 
bo.  mi. 

Cuts, 
bo.  mi. 

J*n. 

ll  SO  A. 

7 IS  M. 

July 

11  26  M. 

7 35  A. 

Feb. 

0 16  A. 

5 5 M. 

Aag. 

• 22  M. 

ft  30  A. 

Mir.  1 

7 SO  A. 

S 15  M. 

1 Sept.  1 

7 IS  M. 

3 33  A. 

April 

ft  35  A. 

1 26  M. 

Oct. 

5 Is  M- 

1 41  A. 

May  | 

J 15  A. 

11  S3  A. 

Nov. 

S 15  M. 

1 4ft  M. 

Jana 

, 1 *5  A 

9 SO  A.  1 

[ Deo. 

1 14  M. 

9 30  M. 

Arcturus  rises  on  the  north-east  by  east  point  of  the  com- 
pass ; and  from  the  circumstance  of  its  variation  being  greater, 
Ln  consequence  of  a proper  motion  of  its  own.  it  is  supposed 
to  be  the  nearest  star  to  the  earth  of  any  in  the  northern 
hemisphere. 

BOOT-TOPPING,  the  operation  of  scraping  off  the  grass, 
slime,  shells,  &c.  which  adhere  to  the  bottom  of  a ship,  near 
the  surface  of  the  water,  and  daubing  it  over  with  a mixture 
of  tallow,  sulphur,  and  rosin.  Boot-topping  is  chiefly  per- 
formed w here  there  is  no  dock. 

BORAX,  in  Chemistry,  a salt  in  appearance  somewhat  like  I 
crystals  of  alum,  brought  originally  from  the  East  Indies  in  an  1 
impure  state,  and  afterwards  freed  from  its  impurities  by  cer- 
tain processes  in  tbe  European  countries.  It  was  long  a 
matter  of  uncertainty,  whether  this  salt  be  a natural  or  facti- 
tious substance  in  those  countries  from  whence  it  is  brought ; 
but  it  is  now  beyond  a doubt,  that  it  is  naturally  produced  in 
the  mountains  of  Thibet,  from  whence  other  parts  of  tbe  ensiern 
continent  are  supplied.  It  is  produced  in  the  kingdom  of  Jum- 
late,  about  thirty  days’  journey  north  from  Betowlc,  a small 
principality  about  200  miles  north-east  of  Lucknow.  The 
plane  where  it  is  found  is  said  to  be  a small  valley  surrounded 
with  snowy  mountains,  in  which  is  a lake  about  six  miles  in 
circumference  ; the  water  of  which  is  constantly  so  hot  that  the 
hand  cannot  bear  it  for  any  time.  Around  this  lake  the  ground 
is  perfectly  barren,  not  producing  even  a blade  of  grass  ; and 
the  earth  is  so  full  of  a saline  matter,  that  after  falls  of  rain  or 
snow  it  concretes  in  white  flakes  on  the  surface,  like  tbe  natron 
of  Hiodostan.  On  the  banks  of  this  lake,  in  the  winter  season, 
when  the  falls  of  snow  begin,  the  earth  is  formed  into  small 
reservoirs  six  inches  high ; when  these  are  filled  with  snow,  the 
hot  water  from  the  lake  is  thrown  upon  it ; which,  together 
with  the  water  from  the  melted  snow,  remains  in  the  reservoir, 
to  be  partly  absorbed  by  the  earth,  and  partly  evaporated  by 
tbe  sun;  after  which,  there  remains  at  the  bottom  a cake  of 
sometimes  half  an  inch  thick  of  crude  borax,  which  is  taken  up 
and  reserved  for  usr.  It  can  only  be  made  in  the  winter 
season,  because  the  falls  of  snow  are  indispensably  requisite, 
and  also  because  the  saline  appearances  upon  the  earth  are 
strongest  at  that  time.  When  once  it  has  been  made  on  any 
•pot,  it  cannot  be  made  again- on  the  same  spot  till  the  snow 
has  fallen  and  dissolved  three  or  four  times,  when  tbe  saline 
efflorescence  appears  as  before. 

BORING,  in  a general  sense,  the  art  of  perforating,  or 
making  a hole  through  any  solid  body.  Boring  of  waterpipes 
is  as  follows:— The  poles  of  alder,  which  is  a very  useful  wood 
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in  making  pumps,  waterpipes,  Ac.  being  laid  on  horses  or 
trestles  of  a foot  height,  to  rest  tbe  auger  upon  while  they  are 
boring,  they  set  up  a lathe  to  turn  the  least  end  of  the  poles, 
to  fit  them  to  the  cavities  of  the  great  end  of  the  others.  They 
turn  the  small  ends  of  the  poles  about  five  or  six  inches  in 
length,  to  the  size  they  intend  to  bore  the  bigger  ends  about 
tbe  same  depth,  rix.  five  or  six  inches.  This  is  designed  to 
make  a joint  to  shut  each  pair  of  poles  together,  the  concave 

!art  being  the  female  part,  and  the  other  the  male  of  the  joint. 

□ turning  the  male  part,  they  turn  the  channel  in  it,  or  a small 
groove  at  a certain  distance  from  the  end  , and  in  the  female 
part  they  bore  a small  hole  to  fit  over  this  channel.  This  being 
done,  they  bore  the  poles  through  ; and  to  prevent  them  from 
boring  out  at  (he  side,  they  stick  great  nails  at  each  end  to  be 
a guide  in  boring.  It  is  usual,  however,  to  bore  them  at  both 
ends ; so  that  a crooked  pole  can  be  bored  through  and  not 
spoil  it. 

Boring,  in  Farriery,  a cruel  aud  absurd  method  of  treating 
a wrenched  shoulder. 

Boring,  in  Mineralogy,  a method  of  piercing  the  earth  with 
scooping  irons,  which  being  drawn  back  at  proper  times,  bring 
up  with  them  samples  of  tbe  different  strala  through  which 
they  have  passed;  by  the  examination  of  which,  the  skilful 
mineralogist  will  be  able  to  goess  whereabouts  a vein  of  ore, 
or  a stratum  of  coal,  may  lie  ; or  whether  it  will  be  worth  while 
to  open  a mine  for  the  purpose  of  working  it. 

BOSCOVICH,  Roger  Joseph,  a very  eminent  mathemati- 
cian and  philosopher,  was  born  May  II,  1711,  at  Ragusa.  He 
studied  Latin  granunnr  in  the  schools  which  were  taught  by 
the  Jesuits,  in  his  native  city,  until  1725,  when,  in  consistence 
with  a maxim  of  the  Jesuits,  to  send  their  most  eminent  pupils 
to  Rome  for  the  completion  of  their  education,  he  was  removed 
to  that  city.  After  this  he  soon  acquired  very  great  reputation 
for  his  eminent  attainments  in  divinity  and  science:  at  three 
successive  periods  he  became  professor  of  mathematics  an<i 
astronomy  at  Rome,  at  Pavia  and  at  Milan.  When  the  order 
of  Jesuits  was  suppressed,  he  was  invited  to  Paris,  and 
received  the  place  of  director  of  the  optical  instruments  of  the 
marine.  Previous  to  this,  however,  he  had  been  cmploj  ed.  In 
conjunction  with  father  Maire,  in  measuring  a degree  of  the 
meridian  in  Italy,  and  in  correcting  the  maps  of  the  papal 
state.  He  published  in  1755,  an  interesting  account  of  the 
expedition  in  which  these  objects  were  effected.  He  had  also 
been  ctnplovcd  in  adjusting  a disagreeable  affair  between  the 
republic  of  Lucca  and  the  regency  of  Tuscany  ; and  in  a simi- 
lar business  between  the  republic  of  Ragusa  aud  the  court  of 
Great  Britain  ; which  brought  him  to  London,  where  he  soon 
became  acquainted  with  the  most  celebrated  British  philoso- 
hers.  He  remained  at  Paris  ten  years,  but  being  a foreigner, 
is  celebrity  was  envied  ; this,  together  with  the  irreligion 
which  then  prevailed  among  the  French  philosophers,  was 
disagreeable  to  him,  so  that  he  obtained  leave  for  two  years* 
absence  to  revisit  his  friends  in  Italy.  He  tarried  at  Bassano, 
where  he  printed  five  volumes  in  large  octavo,  containing  a 
real  treasure  of  optical  and  astronomical  knowledge.  From 
Bassano  ho  went  to  Rome,  and  thence  to  Milan. where  betook 
up  bis  abode,  being  in  the  neighbourhood  of  bis  favourite 
observatory  at  Brera.  Here  he  continued  to  enjoy  the  plea- 
sures of  study  ; and,  occasionally,  tbe  society  of  many  respected 
friends,  until  his  two  years  of  absence  were  nearly  expired: 
bis  unwillingness  to  leave  Italy,  and  at  the  same  time  a solici- 
tude to  avoid  the  charge  of  ingratitude  from  tbe  French  nation, 
occasioned  great  perplexity  of  mind,  which  was  followed  by 
deep  melancholy,  a disordered  imagination,  and,  at  Irngtb, 
direct  insanity.  He  had,  indeed,  some  lucid  intervals,  and 
once  there  were  hopes  of  a recovery ; but  he  soon  relapsed, 
and  an  imposthumc  breaking  in  bis  breast,  put  an  end  to  bis 
mortal  existence  in  February,  1787,  in  bis  76th  year. 

BOSS  AGE,  in  Architecture,  a term  used  for  any  stone  that 
has  a projeclure,  and  is  laid  rough  in  a building,  to  be  after- 
wards carved  into  mouldings,  capitals,  coats  of  arras,  Ate. 
Boasage  is  also  that  which  is  otherwise  called  rustic  work  ; and 
consists  of  stones  which  advance  beyond  the  naked  or  level  of 
the  building,  by  reason  of  indentures  or  channels  left  in  the 
joinings.  These  are  chiefly  used  in  tbe  corners  of  edifices, 
and  thence  called  rustic  quoins.  Tbe  cavities  or  indentures  are 
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sometimes  round,  sometimes  chain  framed,  or  bevelled,  some, 
times  in  a diamond  torn),  sometime*  enclosed  with  a cavetto, 
and  sometimes  with  a listcl. 

BOTANY.  The  history  of  the  vegetable  kingdom,  or,  as  it 
if  termed,  Ilotany.  is  a science  which  includes  the  practical 
discrimination,  the  methodical  arrangement,  and  the  systc- 
inatic  nomenclature,  of  vegetables.  Vegetables  are  organized 
productions,  supported  by  air  and  food,  endowed  with  life, 
and  subject  to  death,  like  animals.  They  have,  in  some 
instances,  spontaneous,  not  voluntary  motion.  They  are  sen- 
sible to  the  supply  of  nourishment,  the  action  of  the  air  and 
light,  and  ihrivc  or  languish  according  to  tbo  wholesome  ap- 
plication of  these  stimulants.  This  is  evident  to  all  who  have 
ever  seen  a plant  growing  in  a situation  for  which  it  is  not 
suitable.  Those  who  have  gathered  a rose,  know  how  soon  it 
withers  ; and  (he  familiar  application  of  its  fate  to  that  of  human 
life  and  beauty,  is  not  more  striking  to  the  imagination,  than 
philosophically  correct. 

The  external  covering  of  plants  is  commonly  transparent 
and  smooth  ; but  sometimes  it  is  downy;  and  sometimes  so 
hard,  that  Hint  has  been  detected  in  its  composition.  The 
Dutch  rush  serves  as  a file  to  polish  wood,  riory,  and  even 
brass.  Under  the  cuticle,  is  found  the  cellular  integument  of  a 
pulpy  texture,  and  the  scat  of  colour.  It  is  usually  green  in 
the  leaves  and  stems,  and  is  dependent  for  its  hue  on  the 
action  of  light.  When  the  cellular  integument  is  removed,  the 
bark  presents  itself;  in  plants  and  branches  only  one  year  old. 
the  hurk  consists  of  a simple  layer.  In  the  branches  and  stems 
of  trees,  it  consists  of  as  many  layers  as  they  arc  years  old. 
The  Peruvian  bark  affords  ’ a cooling  draught  to  the  fevered 
lip  that  of  the  cinnamon  yields  a rich  cordial ; that  which  is 
stripped  from  the  oak,  is  used  for  tanning.  Immediately  under 
the  bark  is  situated  the  wood,  which  forms  the  great  bulk  of 
trees  and  shrubs.  This  also  consists  of  numerous  layers,  as 
may  he  observed  in  the  fir,  and  other  trees;  and  from  these 
concentric  circle*,  the  ape  of  the  tree  is  determined.  Within 
the  centre  of  the  wood  is  the  medulla  or  pith,  a cellular  sub- 
stance, juicy  when  young,  extending  from  the  roots  to  the  sum- 
mits of  the  branches.  In  some  plants,  as  in  grasses,  it  is  hol- 
low, meicly  lining  the  stem.  The  trunk  enlarges  by  the  forma- 
tion of  the  new  liher,  or  inner  bark,  every  year,  the  undermost 
layer  is  transformed  into  cortex,  or  outer  bark,  becoming  the 
litfturnam,  or  soft  w ood  of  the  next,  and  the  laburnam  becoming 
the  lignum,  or  hard  wood. 

The  chemical  or  elementary  principles  of  vegetables,  arc, 
carbon,  water,  and  air;  or  hydrogen  15  parts,  and  oxygen  85 
purls,  for  the  constituent  parts  of  ItM),  water;  and  azote  and 
nitrogen  72,  and  oxygen  28,  as  the  constituent  parts  of  100, 
atmospheric  air.  and  carbon. 

Vegetables  generate  or  give  out  oxygen  or  vital  air,  in  the 
light  or  sunshine,  by  a natural  process  of  their  own.  The  sac- 
charine and  oily  productions  of  vegetables  are  parts  of  their 
sap  or  juices;  but  the  turpentine,  bitter,  and  acid  principles, 
arc  effects  of  secretion.  The  green  colour  of  vegetables  arises 
from  the  oil  they  contain;  the  rays  of  the  sun  extract  the 
oxygen  from  the  outer  surface,  and  leave  the  carbon  and 
hydrogen  the  constituent  parts  of  oil.  Healthy  vegetables,  in 
general,  perspire  water  by  the  under  part  of  their  leaves,  equal 
to  one-third  of  their  weight,  every  twenty-four  hours.  Nor  do 
they  derive  their  substance  in  a principal  degree  from  the  mat- 
ter of  the  soil  in  which  they  grow  ; but  they  are  created  as  it 
were  by  a vital  principle  of  their  own,  out  of  air  and  water,  and 
of  the  imperceptible  matters  combined  with  air  and  water, 
from  which  they  derive  distinctions  of  smell,  taste,  and  sub- 
stance. 

The  general  constituent  principles  of  vegetables,  viz.  hydro- 
gen, carbon,  oxygen,  &r.  do  not  exist  in  them  in  a simple  and 
uncondoned  state,  but  joined  in  various  proportions,  forming 
compound  substances,  that  make  up  the  whole  vegetable ; and 
the  following  arc  the  principal  substances  met  w ith  In  vege- 
tables: — 1 Mucilage.  2.  Fixed  and  volatile  oils.  5.  Resin. 
4.  Gum  resins.  5.  Caoutchouc.  6.  Camphor.  7.  Wax. 

H.  Honey,  it.  Sugar.  10.  Gluten.  II.  Pccula.  12.  Tannin. 
13.  Woody  fibre.  14.  Colouring  matter.  15.  Acids.  10.  Mis- 
cellaneous substances. ~ 17*  Amber,  and  18.  Asphaltum,  are 
also  supposed  to  be  of  vegetable  origin. 


Mucilage.  Various  parts  of  vegetables  impart  to  water,  If 
boiled  with  them,  a certain  viscous  matter,  e auxin*  consistency. 
This  is  called  mucilage.  Some  trees  sutler  their  mucilage  to 
transude,  some  spontaneously,  or  by  incisions  made  in  them. 
When  it  Ims  become  concrete  by  drying  in  the  air,  it  is  called 
gum.  In  this  way  gum  arabic,  gum  Senegal,  and  cherry-tree 
gum,  arc  formed.  Mucilage  is  without  taste;  soluble  in  water, 
but  not  in  oils  or  alcohol.  It  is  not  changed  by  exposure  to  tbe 
air.  From  the  experiments  of  Cruikshank,  it  appears  to  con- 
sist of  oxygen,  hydrogen,  nitrogen,  carbon,  and  lime. — Fixed 
and  Volatile  Oils.  Oil  is  composed  of  carbon  and  hydrogen, 
with  a small  portion  of  oxygen.  Oils  are  divided  into  fat  or 
fixed  oils,  and  volatile  or  essential  oils.  Fixed  oil  is  usually 
obtained  hy  expression,  chiefly  from  the  seed  and  kernels  of 
plants.  Volatile  oil  is  procured  hy  distilling  aromatic  plants 
with  water. — Retint  exist  in  the  vessels  of  certain  trees,  and 
frequently  exude  from  them  spontaneously.  Sometime*  they 
arc  procured  hy  making  incisions  iu  the  trees,  and  sometimes 
by  distilling  the  wood.  They  arc  considered  as  volatile  oils 
combined  with  oxygen.  They  are  soluble  in  alcohol  and  oil*, 
hut  not  in  water.  It  is  this  property  that  rcudrrs  them  so 
valuable  as  varnishes.  They  are  very  intliiminsiblr,  and  melt 
with  a slight  beat.  The  principal  resins  are  the  turpentine, 
the  guaiaeum,  mastic,  copal,  and  sandarac. — (in in  retint  appear 
to  be  a natural  mixture  of  resin  and  mucilage.  They  are  partly 
soluble  in  water,  and  partly  in  alcohol.  Guiu  ammoniac, 
assaftrtida,  and  opium,  are  gum  resins.  — Caoutchouc,  clastic 
gum.  or  Indian  rubber,  resembles  a resinous  gum.  It  is  elastic, 
inflammable,  and  insoluble  in  water  or  fat  oils.  It  is  partly 
soluble  in  volatile  oils,  and  entirely  so  in  nitric  ether.  It  is 
the  juice  of  a tree  of  the  euphorbia  tribe.  When  first  exuded, 
it  is  of  a milky  consistence  and  colour,  but  it  gradually  thick- 
ens, and  is  blackened  by  smoke,  as  it  Hows  round  the  clay  balls 
on  which  the  bottles  are  made.  It  is  cut  easily,  if  the  knife  be 
dipped  in  water. — Camphor , a volatile  oil,  is  extracted  from  a 
species  of  laurel  which  grows  in  China,  and  the  East  Indies. 
It  is  very  inflammable,  and  sublimes  by  a gentle  heat.  It  is 
soluble  in  ether,  alcohol,  the  oils,  and  acetic  acid.  It  is  highly 
odorous,  and  prevents  the  spreading  of  contagious  disorders. — 
Wax,  a vegetable  substance,  found  in  the  greatrst  quantify  on 
the  anthers  of  flowers,  and  collected  by  bees,  is  insoluble  in 
wafer  and  alcohol,  but  soluble  in  volatile  and  fixed  oils.  It  is 
very  inflammable.  Its  components  are  the  same  ns  those  of 
volatile  oils. — Honey  is  formed  chiefly  in  the  pistils  or  female 
organs  of  flowers,  whence  it  is  collected  by  the  bees  : it  appears 
to  be  sugar  dissolved  in  mucilage. — Sugar  is  produced  in  the 
greatest  quantity  from  the  sugar  cane;  but  it  may  alsu  bo 
obtained  front  the  sugar  maple,  the  beet-root,  carrot.  8sc.  Its 
constituents  are  oxygen,  carbon,  and  hydrogen.—  Gluten,  an 
elastic  viscid  substance,  is  found  in  vegetables,  and  chiefly  in 
wheat  flour  ; it  is  soluble  in  water,  and  very  slightly  so  in 
alcohol. — Fecufa.  or  Starch,  forms  the  principal  pait  of  the 
substance  which  is  washed  away  in  order  to  obtain  the  gluten 
from  the  grain.  When  the  fluid  is  suffered  to  stand,  a w hite 
powder  subsides,  which  is  the  starch.  It  is  also  obtained 
from  potatoes. — Tannin  mutter  is  found  in  the  gall  nut,  the 
bark  of  oak  trees,  and  other  astringent  parts  of  vegetables. — 
Woody  fibre,  constituting  the  basis  of  wood,  may  be  separated 
from  every  other  substance,  by  boiling  wood  shavings  in 
water  to  dissolve  the  extractive  matter,  and  then  in  alcohol  to 
separate  the  resins,  &c.  — Colouring  matter  is  foond  in  vege- 
tables combined  with,  1,  the  extractive  principle;  2,  with 
resins;  3,  with  ferula;  4,  with  gum. — Acidt,  existing  ready 
formed  in  vegetables,  arc  the  citric,  malic,  oxalic,  gallic, 
benzoic,  tartaric,  acetous,  suberic.  Besides  which,  wc  And 
various  other  substances  in  vegetables,  as  sulphur,  iron,  man- 
ganese. lime,  aluminc.  magnesia,  barytes,  &c. 

Hoots  are  necessary  to  fix  and  hold  plants  in  the  earth,  from 
which  they  imbibe  nourishment.  Roots  are  either  annual,  or 
living  for  one  season,  ns  in  barley  ; biennial,  which  survive  one 
winter,  and,  after  perfecting  their  seed,  perish  at  the  end  of  the 
following  summer,  as  wheat;  or  perennial,  which  remain  and 
produce  blossoms  for  au  indefinite  number  of  years,  ns  those 
of  trees  and  shrubs  iu  general.  The  root  consists  of  tw'o  parts : 
the  eautief  or  stump,  which  is  tbe  body  or  knot  of  the  root,  from 
which  the  trunk  and  branches  ascend,  and  the  fibrous  roots 
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branching  from  tint  caudex. — Buds  are,  in  most  instances, 
guarded  by  scales,  and  furnished  with  gum  or  woodmens,  as  an 
ttrl'lilionnl  defence.  Buds  are  various  it)  their  forms,  but  very 
uniform  in  the  same  species,  or  even  genus.  They  unfold  the 
embryo  pi  an  L— The  trunk  of  a tree  includes  the  stems  or  stalks. 
The  stem,  as  it  ndvunccs  in  growth,  either  supports  itself,  or 
twines  round  other  bodies.  It  is  either  simple,  as  in  the  lily  ; 
or  brauched,  as  in  other  plants. — Leaves  are  generally  so 
formed  as  to  present  a large  surface  to  the  atmosphere.  When 
of  any  other  hue  than  green,  they  are  said  to  be  coloured.  The 
internal  surface  of  a leaf  is  vascular  and  pulpy,  clothed  with  a 
cuticle,  very  various  in  different  plants,  but  its  pores  are 
always  so  constructed,  as  to  admit  of  the  requisite  evaporation 
or  absorption  of  moisture,  as  well  as  to  admit  and  give  out  air, 
and  light  also  acts  through  this  cuticle. 

The  effect  of  moisture  must  have  been  observed  by  every  one. 
By  absorption  from  the  atmosphere,  the  leaves  are  refreshed  ; 
by  evaporation,  when  separated  from  their  stalks,  they  soon 
fade  and  wither.  The  nutritious  juices,  imbibed  from  the 
earth,  become  sap,  and  are  carried  by  appropriate  vessels  into 
the  substance  of  the  leaves,  and  these  juices  are  returned  from 
each  leaf  into  the  bark.  This  is  effected  by  a double  set  of 
vessels,  analogous  to  the  arteries  and  veins  in  animals,  and  is 
the  circulation  of  the  vegetable  blood  or  sap.  The  sap  is  car- 
ried into  the  leaves  for  the  purpose  of  being  acted  upon  by  air 
und  light,  with  the  assistance  of  heat  and  moisture,  and  by  all 
these  agents,  a most  material  change  is  wrought  in  the  com- 
ponent parts  of  the  sap,  according  to  the  nature  of  the  secre- 
tions. The  green  colour  of  the  leaves  is  owing  to  tho  action  of 
light,  but  they  are  subject  to  a disease  by  which  they  become 
partially  spotted  or  streaked,  and  in  this  state  are  variegated. 
Tho  irritable  nature  of  leaves  is  very  extraordinary,  for  the 
sensitive  plant,  common  in  hot-houscs,  when  touched  by  any 
extraneous  body,  folds  up  its  leaves  one  after  auotber,  and  the 
footstalks  droop,  as  if  dy  ing. 

Props,  or  falcrn.  arc  appendages  to  the  true  leaves,  or  to  their 
stalks.  Inflorescence,  treats  of  the  different  kinds  or  modes  of 
(lowering.  Sometimes  the  flowers  surround  the  stem  in  a gar- 
land or  ring,  as  in  mint,  dcadnettle,  8tc.  In  other  plants,  a 
cluster,  which  bears  several  flowers,  each  on  its  own  stalk,  like  a 
bunch  of  currants.  In  other  plants,  numerous  crowded  flowers 
are  ranged  along  an  upright,  common  stalk,  expanding  pro- 
gressively, as  in  wheat  and  barley.  Again,  we  fiud  a flat-top- 
ped spike,  as  in  the  cabbage  and  wallflower. 

Fructification  is  a term  comprehending  not  only  the  parts  of 
the  fruit,  but  those  of  the  flower.  The  parts  of  fructification 
are  described  by  many  technical  words,  but  include  chiefly  the 
flowerenp,  or  cxtcrual  covering  of  the  flower  ; the  calix,  con- 
sisting in  general  of  the  colonrcd  leaves  of  the  flower ; the 
stamens,  and  the  cells  containing  the  pollen  or  fecundating 
dust : the  pistils  stand  in  the  centre  of  the  circles  formed  by 
tin-  stamens,  and  consist  of  the  germen  or  rudiments  of  the 
future  fruit  or  seed;  the  seed  are  composed  of  the  embryo  or 
germ,  and  are  often  accompanied  by  accessory  parts ; as 
spines,  hooks,  scales,  and  crests,  generally  serving  to  attach 
Mich  seeds  as  are  furnished  with  them,  to  the  rough  coats  of 
animals,  and  thus  promote  their  dispersion. 

Classification,  though  last  in  order,  is  first  in  importance ; 
and  of  all  the  systems  of  botany,  that  of  Linnaeus,  now  gene- 
rally acknowledged  and  adopted,  is  founded  on  the  number, 
situation,  and  proportion  of  the  stamens  and  pistils,  whose 
uses  and  structure  have  been  just  explained.  The  following 
twenty-four  Classes  owe  their  distinctions  principally  to  tho 
stamens. 

Tub  Classes;  or,  Primary  Divisions  of  the  Sexual  System. 

(See  the  Plate.) 

Fig.  1.  Monandri  A,  flowers  with  one  stamen. — 2.  Diandria, 
flowers  with  two  stamens.— 3.  Triandkia,  flowers  with  three 
stamens.— 4.  Tktrandria,  flowers  with  four  stamens,  all  of 
the  same  length. —5.  Pbntandria,  flowers  with  five  stamens.— 
0.  Hexandrm,  flowers  with  six  stamens,  all  of  the  same 
length. — 7.  H beta nuria,  flowers  with  seven  stamens. — 8. 
Octanuria,  flowers  with  eight  stamens.  — 9.  Enneanoria, 
flowers  with  nine  stamens.— 10.  Decandhia,  flowers  with 
ten  stamens.— 11.  Dodecandria,  flowers  with  twelve  stamens. 


— 12.  Icosakdria,  flowers  with  about  twenty  stamens,  attached 
to  the  calix,  or  sometimes,  in  part,  to  the  corolla.— 13.  Poly- 
a ndria,  flowers  most  commonly  with  more  than  twenty  sta- 
mens, attached  to  the  receptacle. — 14.  Didynamia,  flowers 
with  two  longer  stamens. — 13.  Tetradynamia,  flowers  with 
four  longer  stamens. — 1G.  Mon  adelphi  a,  filaments  united  into 
one  brotherhood. — 17.  Diadelphia,  filaments  forming  two 
brotherhoods. — 18,  Polyadelfhia,  filaments  forming  more 
than  two  brotherhoods.— 19,  Syngenesis,  anthers  united,  com- 
posing a hollow  c)lindcr,  through  which  the  style  passes. — 20, 
Gvnanpria,  stamens  on  the  pistil. — 21.  Moncecia,  stamiiii- 
ferous  and  pistiliferous  flowers  on  the  same  plant. — 22,  Dkxci  a, 
staminiferous  and  pistiliferous  flowers  on  different  plants. — 23. 
Polygamia,  different  dispositions  on  the  same  plant. — 21. 
Cryptogamia,  flowers  inconspicuous. 

The  Orders  ; or.  Secondary  Divisions  of  the  Sexual  System. 

Fig.  1.  Monogynia,  containing  hermaphrodite  flowers  with 
one  pistil,  or  female  organ. — 2.  Digynia.  hermaphrodite  flowers 
with  two  pistils ; a,  the  pistils  detached  from  the  flower. — 3. 
Trigynia,  hermaphrodite  flowers  wi ill  two  pistils;  a,  the  pis- 
tils separated  from  the  flower. — 4.  Tetragynin,  hermaphrodite 
flowers  with  four  pistils ; a,  the  pistils  separated  from  the 
flower. — 5.  Pentagynia,  hermaphrodite  flowers  with  five  pistils  ; 
a,  the  pistils  separated  from  the  flower. — C.  Hexagynia, 
hermaphrodite  flowers  with  six  pistils;  a,  the  pistils  separated 
from  the  flower.— 7.  lieptagynia,  hermaphrodite  flowers  with 
seven  pistils;  a,  the  pistils  detached  lrom  the  flower. — 8. 
Decagynia,  hermaphrodite  flowers  with  ten  pistils  ; a,  the  pis- 
tils separated  from  the  flower. — 9.  Do  decagynia,  hermaphrodite 
flowers  with  twelve  pistils,  or  female  organs. — 10.  Polyyynin , 
hermaphrodite  flowers  containing  an  indefinite  number  of  pis- 
tils, or  female  organs. — 11.  Gymnospermia,  the  name  of  the 
first  order  in  the  class  Didynamia;  in  which  a represents  a 
longitudinal  section  of  the  flower,  to  display  the  four  naked 
seeds  in  the  bottom  of  the  calix. — 12.  n ? to/per  miir,  the  name 

of  the  second  order  in  the  class  Didynamia,  containing  such 
hermaphrodite  flowers  with  four  stamens,  two  longer  than  the 
others,  as  havo  their  seeds  contained  in  a vessel ; a,  the  peri- 
carp, or  vessel,  detached  from  the  flower. — 13.  Siliculota,  the 
first  order  in  the  cIbssTetradynamia,  containing  such  flowers 
possessed  of  the  classical  character,  as  have  their  seeds  con- 
tained in  a short  round  pod  ; a,  the  silicula,  or  pod,  divided,  to 
shew  the  seeds  separated  from  the  flower. — 14.  Siliquosa,  the 
second  order  in  the  class  Tetradynamia,  containing  such 
flowers  possessed  of  the  classical  character,  as  have  their 
seeds  contained  in  a siliqua,  or  long  slender  pod,  to  each  suture 
of  which  they  are  alternately  attached  ;*a,  the  uliqua  detached. — 
13.  Polygamia  sEqualis,  the  first  order  in  the  class  S vx<; ene- 
ma ; a,  a floret  separated  from  the  aggregate. — 1G.  Polygamia 
Superflua,  the  second  order  in  the  class  Synoemsia;  <?, 
represents  a female  floret  in  the  circumference  or  ray ; b , an 
hermaphrodite  floret  in  the  centre  or  disk. — 17.  Polygamia 
Frnstranea , the  third  order  in  the  class  SykqeNEBIA. — 18. 
Polygamia  tfecessaria,  the  fourth  order  in  the  class  Syngene- 
sis.— 19.  Polygamia  Segregata,  the  fifth  order  in  the  class  Stn- 
grnksia  ; a.  a floret  with  its  proper  flower-cup  detached  from 
the  aggregate.— 20.  Monogamia,  the  sixth  order  in  the  class 
Syngenesis  ; a,  representing  a section  of  the  flower,  to 
ohibit  the  union  of  tho  stamens  by  the  anthers. — 21,  22,  23. 
Trureia,  the  third  order  in  the  class  Polygamia,  in  which  her- 
maphrodite flowers  are  intermingled  with  male  or  female 
flowers,  or  both,  on  one,  two,  or  three  plants.— 24.  Filiees, 
Ferns,  the  first  order;  23.  Musci,  Mosses,  the  second  order; 
26.  Algte , Sca-wced,  &c.  the  third  order;  27.  Fungi,  Mush- 
rooms, the  fourth  order;  in  the  class  Cryptogamia. 

In  the  class  Cryptogamia  two  other  orders  arc  reckoned, 
vix.  Hepatic*,  small  herbaceous  plants  resembling  Mosses; 
and  Miscellane*.  including  plants  not  easily  referable  to  any 
of  the  live  foregoing  orders. 

The  orders,  or  subdivisions  of  the  classes,  are  generally 
marked  by  the  number  of  the  pistils,  or  by  some  other  circum- 
stance equally  intelligible.  The  names  of  these,  as  well  as  of 
the  classes,  are  both  of  Greek  derivation,  and  designate  the 
functions  of  the  respective  organs.  A further  division  of  tho 
orders,  founded  on  distinctions  in  the  nectariuru,  lead  to 
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gen era.  Other  division*  of  the  centra,  in  regard  to  the  root, 
trunk,  leaves.  Ac.  lead  to  sped tt ; and  casual  diflcreuce  in 
species  arc  called  varieties. 

We  have,  in  the  American  reed,  an  instauce  of  the  Monandria 
monogynia,  that  is,  a flower  with  one  stamen  and  one  pistil. 
Jn  the  Jasmine  we  sec  an  instance  of  the  Diandria  monogynia, 
ur  flower  that  has  two  stamens  and  one  pistil.  In  the  linum  or 
(lax,  there  arc  live  stamens  and  five  pistils;  and  the  flower  is 
called  Pentundria  pentagynia,  that  is,  one  having  five  males 
Bnd  five  females : and  so  of  tho  rest. 

The  study  of  Botany  has  been  applied  as  a guide  to  estimate 
the  qualities  of  plants.  The  first  order  of  the  fourteenth  class, 
denominated  *•  Didtnamia  gymnosperniia,”  arc  all  innocent  or 
wholesome ; those  of  the  other  order  are  febrile,  narcotic,  and 
dangerous,  being  sillied  to  a large  part  of  the  Pcntandria  mono- 
gynia, known  to  he  poisonous,  as  containing  henbane,  night- 
shade, and  tobacco.  The  whole  cIbss  Tctrady  natnia  is  wholo- 
somc.  Whenever  the  stamens  are  found  to  grow  out  of  the 
calyx,  they  indicate  tho  pulpy  fruits  of  such  plants  (o  he  whole- 
some, except  tho  seeds  of  the  laburnum,  w hich,  if  eaten  unripe, 
are  violently  emetic  and  dangerous.  Milky  plants  are  gene- 
rally to  be  suspected.  Umbelliferous  plants,  which  grow  in  dry 
or  elevated  situations,  arc  aromatic,  safe,  and  often  whole- 
some, while  those  that  inhabit  low  and  watery  places  are 
among  the  most  deadly  poisons. 

The  natural  substances  found  in  all  vegetables  are.  sugar,  in 
the  sugar-cane,  beet,  carrots,  Ac. ; gum,  or  mucilage,  oozing 
from  many  trees  ; jelly,  procured  from  many  fruits;  turpentine 
and  lar,  from  the  pine  ; bitters,  from  hops  and  quassia;  and 
the  narcotic  principle  from  the  milk  of  poppies,  lettuce.  Ac. 

The  vegetables  of  greatest  value  to  man,  produce  gluten  or 
starch ; as  wheat,  potatoes,  barley,  beans,  Ac.  Oils  are  pro- 
duced by  pressing  the  seeds  or  kernels  of  vegetables  j as 
olives,  almonds,  linseed,  Ac.  Volatile  oils  are  distilled  from 
peppermint,  lavender,  Ac.  Wax  is  collected  from  all  flowers 
by  bees.  Resins  exude  liko  gum  from  firs  and  other  trees ; 
and  are  known  as  balsams,  varnishes,  turpentine,  tar,  pitch, 
Ac.  Of  this  class  too,  is  Indian  rubber;  which  is  a gum  that 
exudes  from  a certain  tree  in  South  America.  And  iron  also 
mixes  with  the  substance  of  most  vegetables,  and  is  the  cause 
of  the  beautiful  colours  of  flowers.  Potash  is  obtained  from 
the  ashes  of  burnt  vegetables  ; as  kelp,  vine,  fern,  Ac. 

Anatomy  of  Plants.— In  order  to  comprehend  this  subject, 
the  following  general  principles  maybe  of  service;  they  may 
be  verified  in  most  plants ; and  observation  is  here  the  best 
teacher-  First,  all  plants  do  not  perspire.  2.  That  there  is 
not  in  all  plants  an  uniform  circulation  of  sap.  3.  In  general, 
the  spiral  wire  is  the  muscle  of  the  plant.  4.  The  leaves  are 
for  the  most  part  the  lungs  of  the  plant.  6.  The  different 
divisions  of  the  leaves  arc  formed  of  the  elongations  of  the 
bark  and  inner  bark  vessels.  G.  Hairs  and  instruments  of  that 
kind  are  the  means  which  Nature  takes  to  form  the  different 
juices  according  to  their  various  affinities.  That  these  figures 
were  taken  for  perspiration,  but  arc  in  reality  liquids  received 
from  the  atmosphere  and  flowing  into  the  plant,  not  a juice 
running  from  it.  7-  The  root  is  the  grand  laboratory  of  all 
plants,  where  the  great  chemical  operation*  are  going  on.  8. 
The  heart  of  the  seeds  is  formed  in  the  extremities  of  Hie  side 
roots.  0.  The  flower  is  also  formed  in  the  middle  root,  and 
the  pollen  in  the  tap  root.  10.  The  corolla  of  a flow  er  is  formed 
by  bubbles  of  water  placed  in  rows,  and  owes  all  its  beauty, 
and  the  lightness  of  its  tint,  to  the  refraction  and  reflection  of 
the  sun  on  the  drops  of  water  which  form  its  pabulum.  This 
thought  of  apparent  subtilty  is  nevertheless  verified  by  experi- 
ment II.  Tho  roots  and  leaves  of  a plant  will  most  exactly 
mark  not  only  what  is  the  soil  in  wliicn  they  originally  grew, 
but  the  situation  from  which  they  came,  whether  a water  plant 
or  a dry  plant,  a rock  or  a valley  plant,  Ac.  12.  The  water, 
semi-water,  and  rock  plants  alone  can  be  said  to  have  direct 
air-vessels,  though  these  may  be  found  in  parasite  and  early 
spring  plants,  such  as  the  crocus  and  hyacinth. 

BOWSPRIT,  a large  boom  or  mast,  which  projects  over  the 
stem,  to  carry  sail  forward,  and  counteract  the  force  of  the 
aftersails,  or  those  extended  behind.  The  bowsprit  should  he 
two-thirds  of  the  length  of  the  mainmast,  and  its  thickness 
equal  to  the  mizenmast : when  it  Is  twelve  fathoms  five  feet 


long,  its  yard  most  be  eight  fathoms  two  feet  long,  and  the  top- 
mast of  the  bowsprit  three  fathoms  and  one  foot 

BOYLE,  Robert,  one  of  the  greatest  philosophers  of  the 
seventeenth  century,  was  horn  at  Listnorc,  in  Ireland,  January 
26.  1020,  the  year  in  which  the  sciences  were  deprived  of  their 
greatest  ornament.  Lord  Bacon,  whose  plans  of  experimental 
philosophy  our  author  afterwards  so  ably  seconded  and  im- 
proved. Boyle  was  one  of  the  first  of  those  illustrious  men 
who  formed  the  Royal  Society,  in  1646,  for  the  purpose  of 
improving  experimental  knowledge,  upon  the  plan  laid  dawn 
by  Bacon ; which  society  being,  in  1664,  removed  to  Oxford, 
he  went  to  reside  there,  where  he  very  much  improved  the  air- 
pump,  which  led  him  to  the  discovery  of  set  era!  of  the  proper- 
ties of  air.  He  also  published,  during  his  residence  at  Oxford, 
several  works  relating  to  the  properties  of  air,  and  other  phi- 
losophical subjects  ; and  in  1668  returned  to  London,  where  be 
continued  to  reside  till  his  death,  which  happened  in  the  year 
1661,  in  the  66th  year  of  his  age.  Boyle  was  author  of  a very 
great  number  of  important  works,  beautiful  editions  of  which 
have  been  published  in  London,  in  five  volumes  folio,  ahd  six 
volumes  quarto.  Dr.  Shaw  also  published,  in  three  volumes 
quarto,  the  same  works  “ abridged,  methodized,  and  disposed 
under  the  general  heads  of  Physics,  Statics,  Pneumatics, 
Natural  History,  Chemistry,  and  Medicine;'*  to  which  he  has 
prefixed  a short  catalogue  of  the  philosophical  writings,  accord- 
ing lo  the  order  of  time  when  they  were  published,  Ac. 

BRAHE,  Tycho,  a famous  Danish  astronomer,  born  of  a 
noble  family,  in  Knudstorp,  1646,  read  lectures  on  astrono- 
my at  Copenhagen,  in  1674,  by  order  of  the  king ; who  also 
built  for  him  an  observatory  in  the  isle  of  Hucn  in  the  Sound, 
the  building  being  called  Uranibourg,  where  he  resided  about 
20  years,  pursuing  hi*  studies,  nmkiag  observations,  and 
receiving  nsits  from  the  most  illustrious  personages.  On  the 
death  of  the  king  he  lost  his  pension,  aud  went  to  Prague, 
where  he  was  introduced  to  the  emperor  Rodolphus ; who 
treated  him  respectfully;  gate  him  a magnificent  house,  fit 
for  astronomical  observations  ; and  assigned  him  a pension  of 
3000  crowns.  Here  then  he  settled  in  the  latter  part  of  1508. 
with  his  sons  and  scholars,  and  among  them  the  celebrated 
Kepler.  But  he  did  not  long  enjoy  this  happy  situation;  for, 
about  three  years  after,  he  died,  in  the  66th  year  of  bis  age, 
and  was  interred  in  a very  magnificent  manner  in  tbc  principal 
church  at  Prague,  where  a noble  monument  was  erected  to 
him ; leaving,  beside  his  wife,  two  sons  and  four  daughters. 
Tiie  skill  of  Tycho  Brahe  in  astronomy  is  universally  known, 
and  his  works  are  very  numerous  and  valuable. 

BRAMAH'S  Machine,  or  Hydrostatic  Press,  Ac.  consists  in 
the  application  of  water,  or  dense  fluids,  to  engines,  so  as,  in 
some  instances,  to  cause  them  to  act  with  immense  force  ; in 
others,  to  communicate  the  motion  and  powers  of  one  part  of 
a machine  to  some  other  part  of  the  same  machine  ; and.  lastly, 
to  communicate  the  motion  and  force  of  one  machine  to 
another,  where  local  situations  preclude  the  application  of 
other  methods  of  connexion. 

The  first  and  most  materia!  part  of  this  invention  will  be 
clearly  understood  by  an  inspection  of  the  figure  in  the  next 
page,  where  A is  a cylinder  of  iron,  or  other  materials,  suffi- 
ciently strong,  and  bored  perfectly  smooth  and  cylindrical; 
into  which  is  fitted  the  piston  B,  which  must  be  made  perfectly 
water-tight,  by  leather  or  other  materials,  as  used  in  pump- 
making.  Tho  bottom  of  tho  cylinder  must  also  be  made  suffi- 
ciently strong  with  the  other  part  of  the  surface,  to  be  capable 
of  resisting  the  greatest  force  or  strain  that  may  at  aoy  time 
be  required.  In  the  bottom  of  the  cylinder  is  inserted  the  end 
of  the  tube  C;  the  aperture  of  which  communicates  with  the 
inside  of  the  cylinder,  under  the  piston  B,  where  it  i*  abut  with 
the  small  valve  I),  the  same  as  the  suction-pipe  of  a common 
pump.  The  other  end  of  the  tnbe  C communicates  with  the 
small  forcing-pump  or  injector  B,  by  means  of  which,  water  or 
other  dense  fluids  can  be  forced  or  injected  into  the  cylinder 
A.  under  the  piston  B.  Now,  suppose  the  diameter  of  the 
cylinder  A to  be  12  inches,  and  the  diameter  of  the  piston  of 
the  small  pump  or  injector  B only  one  quarter  of  an  inch,  the 
proportion  between  the  two  surfaces  or  ends  of  the  said  pis- 
tons wifi  be  as  I to  2304;  and  supposing  the  intermediate 
space  between  them  to  be  filled  with  water  or  other  dens* 
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fl&iil  capable  of  sufficient  resistance,  the  force  of  one  piston 
will  act  on  the  other  just  in  the  above  proportion,  rig.  ““  1 4“ 
to  2304.  Suppose  the  small 
pistou  in  the  injector  to  be 
forced  down  when  in  the  act 
of  pumping  or  injecting 
water  into  the  cylinder  A, 
with  the  power  of  20  cwt. 
which  could  easily  be  done 
by  the  lever  II  ; the  piston 
B would  then  be  moved  up 
with  a force  equal  to  30 
cwt.  multiplied  by  2304. 

Thus  is  constructed  a hy- 
dro - mechanical  engine, 
whereby  a weight  amount- 
ing to  2304  tons  can  be 
raised  by  a simple  lever, 
through  equal  space,  in 
much  leas  time  than  could 
be  done  by  any  appa- 
ratus constructed  on  the 
known  principles  of  me- 
chanics ; and  it  may  he 
proper  to  observe,  that  the 
effect  of  all  other  mechani- 
cal combinations  is  coun- 
teracted by  an  accumulated 
complication  of  parts,  which 
renders  them  incapable  of 
being  usefully  extended  be- 
yond a certain  degree;  but 
in  machines  acted  upon  or 
constructed  on  this  princi- 
ple, every  difficulty  of  this 
kind  is  obviated,  and  their 
power  subject  to  no  finite 
restraint  To  prove  this, 
it  will  be  only  necessary  to  rematk,  that  the  force  of  any 
machine  acting  upon  this  principle  ran  he  increased  ad  infini- 
tum, either  by  extending  the  proportion  between  the  diameter 
of  the  injector  and  the  cylinder  A,  or  by  applying  greater 
power  to  the  lever  IT. 

The  second  figure  represents  the  section  of  an  engine, 
by  which  very  wonderful  effects  may  be  produced  instanta- 
neously by  means  of  compressed  air.  A A is  a cylinder,  with 


the  piston  B fitting  air-tight,  in  the  same  manner  as  described 
in  the  first  figure.  C is  a globular  vessel  made  of  copper,  iron, 
or  other  strong  materials,  capable  of  resisting  immense  force, 
similar  to  those  of  air-guns.  D is  a strong  tube  of  small  bore, 
m which  is  the  stop-cock  E.  One  of  the  ends  of  this  tube 
communicates  with  the  cylinder  under  the  piston  B,  and  the 
other  with  the  globe  C.  Now,  suppose  the  cylinder  A to  be 
the  same  diameter  as  that  in  the  first  figure,  and  the  tube  1) 
equal  to  one  quarter  of  an  inch  diameter,  which  is  the  same  as 
the  injector,  in  the  same  figure ; then,  suppose  that  air  is  in- 
jected Into  the  globe  C,  (by  the  common  method,)  till  it  presses 
against  the  cock  E with  a force  equal  to  20  cwt.  which  can 
easily  be  done ; the  consequence  will  be,  that  when  the  cock  K 
is  opened,  the  piston  B will  be  moved  in  the  cylinder  A A with 
a power  of  force  equal  to  2304  tons ; and  it  is  obvious,  as  in 
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the  case  in  the  first  figure,  that  any  other  unlimited  degree  of 
force  may  be  acquired  by  machines  or  engines  thus  constructed. 
The  third  figure  is  a section,  merely  to  shew  how  the  power 
and  motion  of  one  machine  may,  by  means  of  Quids,  bo 
transferred  or  communicated  to  another,  let  their  distance  and 
local  situation  be  what  they  may.  A and  B arc  two  small 


tubes,  smooth  and  cylindrical ; in  the  inside  of  each  of  which 
is  a piston,  made  water  and  air  tight,  as  in  the  first  and  second 
figures.  C C is  a tube  conveyed  under  ground,  or  otbcrw  ise, 
from  the  bottom  of  one  cylinder  to  the  other,  lo  form  a com- 
munication between  them,  notwithstanding  their  distance  be 
ever  so  great ; this  tube  being  filled  with  water  or  other  fluid, 
ontil  it  touch  the  bottom  of  the  piston  ; then,  by  depressing  tho 
piston  A,  the  piston  B will  be  raised.  The  same  effect  will  be 
produced  vice  r mi;  thus,  bells  may  be  rung,  wheels  turned, 
or  other  machinery  put  invisibly  in  motion,  by  a power  being 
applied  to  either. 

The  fonrth  figure  is  a section,  shewing  another  instance 
of  communicating  the  action  Rnd  force  of  ooe  machine  to 
another ; and  how  water  may  be  raised  out  of  wells  of  any 
depth,  and  at  any  distance  from  the  place  where  the  operating 
power  is  applied.  A is  a cylinder  of  any  required  dimensions, 
in  which  is  the  working  piston  B,  as  in  the  foregoing  examples : 


c 


into  the  bottom  of  this  cylinder  is  inserted  the 
tobe  C,  which  may  be  of  less  bore  than  the 
cylinder  A.  This  tobe  is  continued,  in  any 
required  direction,  down  to  the  pump  cylinder 
D,  supposed  to  be  fixed  in  the  deep  well  I?  E, 
and  forms  a junction  therewith  above  the  pis- 
ton F;  which  piston  has  a rod  G,  working 
through  the  stuffing-box,  as  is  usual  in  a com- 
mon pump.  To  this  rod  G is  connected,  ovci 
a pulley  or  otherwise,  a weight  H,  sufficient  to 
overbalance  the  weight  of  the  water  in  the  tube 
C,  and  to  raise  the  piston  F when  the  piston  B 
is  lifted  : thus,  suppose  the  piston  B is  drawn 
up  by  ils  rod,  there  will  be  a vacuum  made  in 
the  pump  cylinder  D,  below  the  piston  F ; this 
vacuum  will  be  filled  with  water  through  the 
suction  pipe,  by  the  pressure  of  tho  atmosphere, 
as  in  a t pumps  fixed  in  air.  The  return  of  the 
piston  B,  by  being  pressed  downwards  in  tire 
cylinder  A,  will  make  a stroke  of  the  pL»lon  in 
the  pump  cylinder  D.  which  may  be  repented 
in  the  usual  way  by  the  motion  of  the  piston  0, 
and  the  action  of  the  water  in  the  tube  ('.  TI:o 
rod  G of  the  piston  F.  and  tho  weight  H,  me 
not  necessary  in  wells  of  a depth  where  the 
atmosphere  will  overbalance  the  water  in  the 
suction  of  the  pump  cylinder  I),  and  that  in  the 
tube  C.  The  small  tube  and  cock  in  the  cislcru 
I arc  for  the  purpose  of  charging  the  tube  C. — By  these  meaos, 
it  is  obvious,  most  commodious  machines,  of  prodigious  power, 
for  tearing  up  trees,  kc.  and  susceptible  of  the  greatest 
strength,  may  readily  be  formed.  If  the  same  multiplication  of 
power  be  attempted  by  toothed  wheels,  pinions,  and  racks,  it 
2 I 
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it  scarcely  possible  five  strength  enough  to  the  teeth  of  I capable  or  great  extension,  and  is  much  used  in  watch-work. 

I ha  racks,  and  the  machine  becomes  scry  cumbersome  and  Corinthian  brass,  so  famous  in  antiquit),  was  a mixture  nf  gold, 
of  great  expense.  But  Mr.  Bramah’s  machine  may  be  uride  I silver,  and  copper.  Brass  colour  is  a preparation  intended  to 
abundantly  strong  in  a very  small  compass.  It  only  requires  I imitate  brass;  of  which  there  are  two  sorts,  the  red  brass  or 
very  accurate  execution.  Mr.  Bramah,  however,  was  greatly  bronze,  and  the  yellow  or  gilt  brass ; the  last  is  made  only  of 
mistaken,  says  l)r.  Gregory  in  his  Mechanics,  when  he  pub-  copper  filings;  with  the  former,  red  ochre,  finely  pulverized, 

) jibed  it  as  the  discovery  of  a weir  mechanic  power.  The  | is  mixed,  but  both  are  used  with  varnish.  The  appearance 
I linciple  on  which  it  depends  has  been  v*U  A son  * for  nearly  of  brass  is  given  to  other  metals,  by  washing  them  with  a 
two  centuries  ; and  it  is  matter  of  surprise  that  it  has  never  yellow  lacquer  or  varnish,  much  to  the  detriment  of  the  maou- 
before  been  applied  to  any  useful  practical  purpose.  | factured  article. 

BRANDY.  The  genuine  spirit  is  distilled  from  wine,  (pro-  Gold  lacquer  for  brass-work  may  be  thus  made  : — Put  an 
perly  so  called,  being  the  wine  of  grapes,)  also  from  the  lees  of  ounce  of  turmeric  powder,  two  drachms  of  anatto,  and  two  of 
wine,  and  the  husks  of  the  grapes  which  remain  after  pressing  saffron,  into  a pint  of  alcohol,  shake  the  whole  occasionally 
out  the  juice.  The  usual  apparatus  is  employed,  of  a still  that  during  a week,  and  then  filter  it  into  a clean  Imttle.  Three 
holds  live  or  six  quintals,  with  a capital  and  worm  applied  in  ounces  of  clean  seed-lac  are  then  to  he  added,  and  the  bottle 
the  usual  manner.  Brandy  has  a purer  and  more  vinous  taste  shook  occasionally  during  a for  might.  The  mixture  will  now 
than  other  spirits ; its  peculiar  flavour,  no  doubt,  depends  on  be  a line  lacquer  for  bras*,  which  will  give  that  metal  the 
the  nature  of  the  volatile  principles,  or  essential  oils,  that  rise  appearance  of  burnished  gold.  In  using  it,  the  metal  should 
in  distillation  with  the  pure  spirit,  and  likewise  in  some  me  a-  he  just  warmed,  and  the  varnish  be  laid  on  evenly  with  a 
sure  upon  the  wood  of  the  cask  in  which  it  is  kept.  The  brush,  passing  it  directly  across  the  work.  Small  articles  may 
brandies  made  in  France  are  much  preferred  to  those  of  Spain  be  dipped  in  the  lacquer. 

and  other  countries.  This  preference  is,  perhaps,  as  much  BREAD,  the  staff  of  life,  is  used  by  all  people  in  one  way  or 
owing  to  superior  distillation,  as  to  certain  peculiarities  in  the  another,  even  though  composed  of  materials  very  dissimilar, 
flavour  of  the  grapes,  which  differ  on  every  soil  and  in  every  We  use  wheaten  bread;  some  use  bread  made  of  oats,  others 
climate.  In  the  south  of  France  alone,  there  is  a great  variety  convert  dried  fish  into  mcnl  for  bread  ; and  nature  furnishes 
in  the  grapes,  as  well  as  in  the  quality  of  the  spirit  extracted  the  bread-fruit  tree  to  natives  of  the  ,South-S«-a  islands, 
from  them.  Some  wines  are  considered  totally  unfit  for  distil-  The  bread  fruit  tree  grows  abundantly  on  the  Ladrone 
latiou : others  peculiarly  suited  for  it,  and  unfit  for  wine.  When  Islands.  In  the  Society  Islands  it  is  as  large  as  a moderate 
the  fermentation  has  proceeded  too  far,  the  w ine  is  put  into  the  sized  oak  ; its  leaves  are  about  a foot  and  a half  long,  of  an 
still,  and  the  spirit  extracted;  otherwise  the  acetous  arid,  by  j oval  shape,  like  those  of  the  fig-tree,  which  they  resemble  in 
the  continuance  of  the  fermentation,  would  be  soon  produced  colour;  and,  when  broken,  exude  a milky  juice.  The  fruit  is 
in  such  abundance,  as  to  turn  the  whole  liqnid  into  vinegar.  ! shaped  like  a heart,  and  grows  to  the  size  of  a child's  bead.  Its 
The  inferior  weak  wines  are  generally  employ  ed  for  the  making  ; rind  is  thick,  green,  and  covered  with  excrescences.  The 
of  brandy,  from  their  containing  too  little  spirit  to  keep  them  ; ] internal  part  of  the  rind  is  a pulpy  substance,  full  of  twisted 
and  the  good,  strong  wines,  are  generally  reserved  as  yielding  fibres;  this  pulp  is  softer  towards  the  middle,  where  a small 
a far  ampler  profit  than  could  be  obtained  by  the  extraction  of  cavity  is  formed,  containing  no  kernels  or  seeds.  It  affords 
their  spirit.  The  most  spirituous  wine*  of  France,  are  those  of  much  nourishment,  and  is  very  satisfying.  Its  taste  is  harsh. 
Languedoc,  Guienne,  and  Rousillon,  which  yield,  according  to  and  similar  to  potato-bread.  The  cassiva  bread  of  the  Ainc- 
Chaptal.  from  twenty  to  twenty  five  gallons  of  excellent  brandy  ricans  is  made  from  a species  of  starch  prepared  from  the  roots 
out  of  a bundled  ; but  those  of  Burgundy  and  Champagne  much  of  a plant.  They  arc  peeled  and  pressed;  the  juice  which 
less.  Brisk  wines,  which  contain  much  carbonic  acid,  from  the  exudes  is  a deadly  poison,  used  by  the  Indians  to  poison  their 
fermentation  having  been  stopped  at  an  early  period,  yield  the  arrows.  The  white  starch,  however,  which  is  deposited,  when 
least  spirit.  The  brandies  generally  esteemed  as  the  best  and  properly  washed,  is  perfectly  innorent,  and  makes  bread, 
finest  flavoured  arc  those  distilled  from  the  grapes  w hich  are  The  materials  of  which  loaf-bread  is  principally  made,  arc  tho 
the  produce  of  the  territories  of  Cogniac  and  Andayr.  Hence  seeds  of  farinaceous  vegetables,  as  wheat,  rye,  and  barley, 
every  wine  merchant  in  England  is  professedly  stocked  with  the  Potatoes,  oats,  beans,  pease,  rice,  maize,  millet,  buck-wheat, 
•‘real  Cognise"  brandy  ; and  thus  every  public-house  sells  no  &c.  contain  no  gluten,  and  cannot  be  made  into  bread  without 
other  brandy  than  the  “ best  Cognise  — even  the  distiller  him-  a certain  quantity  of  flour.  The  component  parts  of  wheatco, 
self  has  the  “genuine  Cogniac,”  which  he  will  tell  you  he  has  barley,  and  rye  flour,  are  starch,  gluten,  and  saccharine  mucilage, 
received  “ circuitously ,“  and  truly  so,  for  it  has  made  all  the  Ferula,  or  starch  of  wheaten  flour,  forms  the  most  nutritive 
revolutions  of  Ins  still-worm  in  its  passage  to  him.  In  distil-  part  of  grain.  It  is  found  in  all  seeds,  and  is  very  abundant  in 
lation,  the  thiee  principal  distinctions,  in  the  various  strengths  the  potato,  as  almost  all  the  root  consists  of  stnrch.  2,  Gluten, 
of  spirits,  arc  described  by  the  terms,  low  wines,  proof  spirit,  is  the  principal  substance  contained  in  w heaten  flour.  It  is 
and  alcohol.  Low  wines  consist  of  one-sixth  of  pure  spirit,  or  necessary  for  the  production  of  good  light  bread  ; the  quality 
ulcohnl,  to  five  of  water ; — proof  spirit  consists  of  one  half  of  of  the  bread  being  exactly  in  proportion  to  the  quantity  of  the 
alcohol,  and  one  half  of  water;  and  alcohol,  wholly  of  pure  gluten  contained  in  the  flour:  wheat  flour  alone  contains  it  in 
spirit.  any  considerable  quantity.  Flour  could  not  be  made  into 

BRANDENBCRGIUM  SceptRUM,  the  Sceptre  of  Branden-  bread  without  gluten,  for  the  dough  rises  in  consequence  of 
burg,  is  a modern  constellation,  formed  in  1688,  by  Geoffroi  this  substance.  To  obtain  gluteu.  you  put  a handful  of  flour 
Kirch,  one  of  the  first  astronomers  of  the  Duke  of  Prussia,  into  a doth,  pass  it  through  water,  and  press  it  with  the  hand; 
This  nsterism  is  easily  distinguished  by  four  atars.  situated  the  starch  or  fecula  passes  off.  and  this  elastic  substance 
nearly  perpendicular  to  the  equator,  and  lying  between  the  remains.  Gluten  forms  one -fifth  part  of  bread -corn,  fer- 
turn  of  the  river  Eridanus,  Orion,  and  the  Hare ; and  these  ments  readily,  and  is  soluble  in  acids,  but  not  in  water, 
constellations  define  the  boundaries  of  this  intignr  rrgiminit.  3.  Saccharine  mucilage  is  soluble  in  cold  water,  and  separable 
BRASS,  Making  vf.  Brass  is  a factitious  metal,  made  of  | from  it  by  evaporation.  The  saccharine  part  may  be  converted 
copper  and  zinc.  By  long  calcination  alone,  and  without  the  ! into  an  ardent  spirit,  but  the  mucilage  in  bread  that  has  been 
mixture  oT  any  other  substance,  brass  affords  a beautiful  green  kept  some  time,  tends  to  acidity,  and  becomes  mouldy.  There 
or  blue  colour  for  glass  : but  if  it  be  calcined  with  powdered  are  three  general  methods  of  making  bread,  and  these  we  will 
sulphur,  it  will  give  a red.  yellow,  or  chalcedony  colour,  accord-  now  illustrate  : — 1.  Unleavened  bread  is  made  of  floor  mixed 
ing  to  the  quantity  and  other  variations  in  using  it.  Brass  is  with  water.  The  sea  and  other  biscuits,  the  Jew's’  passover 
of  a yellow  colour,  more  fusible  than  copper,  and  not  so  apt  to  cake,  the  oaten  and  barley  bread  of  Scotland,  are  of  this 
tarnish.  Pure  brass  is  not  malleable  unless  hot;  when  cold  it  nature.  2.  Leavened  bread,  mentioned  in  the  Jewish  history, 
will  break*  and  will  not  bear  the  hammer  when  it  has  been  has  been  know  n to  mankind  from  the  earliest  age  of  society, 
twice  quelled.  To  render  it  soft  and  pliable,  and  capable  of  ’ ft  is  thus  made:  A portion  of  dough  is  left  till  it  ferments,  or 
being  wrought,  seven  pounds  of  lead  are  added  to  an  hundred  becomes  sour.  This  is  mixed  with  other  dough,  and  causes  it 
weight  of  brass.  It  is  peculiarly  adapted  for  wlrcf  being  J to  rise;  carbonic  ucid  gas  is  thrown  out,  a vinous  smell  is 


h n k 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


B R B 


128 


perceived ; and  an  activo  fermentation  goes  on.  3.  Bread 
made  with  yeast,  or  family  bread,  is  thus  made.  To  half  a 
bushel  of  wheatcn  Hour  add  six  or  eight  ounces  of  salt,  a pint 
of  ycasl,  and  six  quarts  of  water.  Mix  the  whole  together, 
and  cover  it  up  with  a blanket;  this  operation  is  called  setting 
the  sponge:  flour  must  then  be  added,  and  the  mass  kneaded 
till  it  attain  a proper  consistency.  It  must  then  stand  for  four 
or  five  hours,  till  it  rises  properly,  and  afterwards  you  put  it 
iuto  the  oven. 

A sack  of  (lour  contains  about  280  lbs.  and  will  make  eighty 
quartern  loaves,  allowing  three  and  a half  pounds  of  flour  for 
each.  Before  the  loaf  goes  into  the  oven  it  weighs  1 lbs.  13  os. 
but  loses  nine  or  ten  ounces  in  baking.  In  each  loaf  bakers 
usually  put  two  ounces  of  alum,  though  this  is  prohibited  hy 
law.  The  alum  hinds  the  bread,  and  makes  it  more  compact, 
but  then  it  is  less  wholesome  ; and  it  also  whitens  old  flour. 
Besides  the  bread  just  described,  there  are  wheaten  and  house* 
hold  bread.  The  former  is  made  of  flour,  with  a mixture  of  tho 
finer  bran  ; the  latter  of  the  whole  substance  of  the  grain, 
without  cither  taking  out  the  coarse  bran  or  the  fine  flour. 

French  bread  is  made  hy  adding  ten  eggs,  and  a pound  and 
a half  of  fresh  butter,  and  as  much  yeast,  to  half  a bushel  of 
fine  flour.  The  whole  mass  is  tempered  with  new  milk,  warmed 
pretty  hot;  after  being  allowed  half  an  hour  to  rise,  it  is  made 
into  loaves,  or  rolls,  and  is  washed  over  with  an  egg  beaten 
with  milk  ; the  oven  is  of  a gentle  heat.  Bread  is  highly  nutri- 
tious. And  since,  among  the  animal  fluids  the  saliva  is  essen- 
tially necessary,  dry  food  should  be  used  as  a stimulus  to  draw 
it  forth  ; thence  we  eat  bread  with  meat.  Bread  blends  the  oil 
and  water  of  food  in  the  stomach,  which  it  stimulates ; and  it 
is  peculiarly  proper  for  that  purpose,  being  bulky  without  too 
much  solidity,  and  firm  without  difficulty  of  solution. 

BREAKWATER,  a sort  of  small  buoy  fastened  to  a largo 
one,  when  the  buoy-rope  of  the  latter  is  not  long  enough  to 
reach  to  the  surface  of  the  water ; and  thereby  to  shew  where 
the  large  buoy  sw  ims.  Breakwater  signifies  also  the  hull  of  an 
old  ship  sunk  at  the  entrance  of  a small  harbour,  to  break  off 
or  diminish  the  force  of  the  waves  as  thev  advance  towards  the 
vessels  moored  within.  The  great  Breakwater  across  tho  bay 
of  Plymouth,  which  has  been  going  on  for  years,  and  is  not  yet 
finished,  is  the  greatest  of  the  kind  ever  undertaken  in  tho 
kingdom.  The  exposed  situation  of  the  sound  has  been  long 
and  severely  felt  as  an  extreme  inconvenience  in  the  harbour, 
and  it  w as  at  last  determined  to  oppose,  if  possible,  some  bar- 
rier to  tbe  heavy  swell  which  is  here  almost  continually  rolling 
in  from  the  Atlantic.  Tbe  plan  at  last  adopted,  with  the  advice 
of  the  most  experienced  engineers,  men  of  science,  and  naval 
officers,  was,  to  construct  at  St.  Carlos  rocks,  about  three  miles 
south  of  Plymouth,  a mole,  or  vast  heap  of  stones,  in  the  mid- 
dle of  the  sound,  stretching  across  its  entrance,  occupying 
nearly  half  of  its  width,  and  leaving  a free  passage  for  vessels, 
both  on  the  eastern  and  western  shores.  The  whole  expense 
was  estimated  at  £1,171,100,  viz.  £1,051,200  for  the  mole  or 
breakwater,  and  £119,900  for  a pier  along  the  top,  with  light- 
houses. It  was  proposed,  that  the  breakwater  should  begin 
300  feet  on  tbe  eastward  of  St.  Carlos  rocks,  and  extend  ImOO 
feet  west  of  the  Shovel  rock;  the  whole  length  to  be  1700 
yards,  or  very  nearly  a mile,  4000  feet  in  the  middle  being 
quite  straight,  and  the  two  extremities  having  a slope  up  tbe 
sound.  It  was  estimated,  that  2,000,000  tons  of  atone  would 
be  required  to  finish  it ; and  it  was  advised  to  heap  them  pro- 
miscuously together  in  large  blocks,  not  less  than  1 J or  2 tons 
weight  each,  leaving  them  to  find  their  own  base  and  position. 
Where  the  water  was  30  feet  deep,  the  dimensions  of  the 
breakwater  were  to  be  40  feet  high.  30  feet  across  the  top.  and 
210  feet  wide  at  the  foundation.  The  work  was  begun  in  1812; 
the  first  stone  was  sunk  on  the  12th  of  August;  and  on  the 31st 
March,  1813,  the  building  began  to  make  its  appearance  above 
tbe  surface  of  low  water  at  spring  tides.  The  stones  were 
quarried  from  a rock  of  limestone  or  gray  marble,  purchased 
from  the  Duke  of  Bedford  for  £10.000,  and  situated  on  the 
eastern  shore  of  Cutwater.  More  than  fifty  vessels,  of  peculiar 
construction,  were  employed  in  carrying  the  stones  to  the 
work,  many  of  which  were  five  ton*  and  upwards  each.  On  the  ; 
whole,  this  steal  work  has  been  conducted  with  much  skill  and  j 
surprising  despatch,  and  tho  result  has  fully  answered  the  cx- 


| pectfitions  of  its  projectors.  At  the  end  of  the  second  year, 
tbe  swell  was  so  much  broken,  that  ships  of  ail  sixes  ran  in. 
and  anchored  with  confidence  behind  the  breakwater.  Since 
that  time  *200  sail  of  vessels  of  every  description  have  here  found 
shelter,  and  25  or  30  sail  of  the  line  may  now  ride  here  at  all 
times,  in  security.  Tbo  Eddyatone  lighthouse  is  an  important 
appendage  to  the  harbour,  without  which  tbe  entrance  to  the 
harbour  would  be  extremely  dangerous.  See  Eddystons. 

BREAMING,  burning  olf  the  filth,  such  as  grass,  ooze, 
shells,  or  sea-weed,  from  the  ship’s  bottom,  which  it  has  con- 
tracted hy  lying  long  in  harbour;  it  is  performed  by  holding 
kindled  furze,  faggots,  or  reeds,  to  the  bottom,  which,  by  melt- 
ing the  pitch  that  formerly  covered  it,  loosens  whatever  filth 
may  have  adhered  to  the  planks ; the  bottom  is  then  covered 
anew  with  a composition  of  sulphur,  tallow,  &c.  which  not  only 
makes  it  smooth  and  slippery,  so  as  to  divide  the  fluid  more 
readily,  but  also  poisons  and  destroys  those  worms  which  cat 
through  the  planks  in  the  course  of  a voyage.  This  operation 
may  be  performed  either  by  laying  the  ship  aground  after  the 
tide  has  ebbed  from  her,  or  by  docking,  or  careening. 

BREWING.  Brewing  is  a very  ancient  domestic  art. 
Before  the  malt  is  used  it  must  be  bruised  between  rollers ; 
and  soft  water  is  used  for  mashing  and  fermentation.  The  first 
step  in  brewing  is  mashing.  This  is  done  in  a tub  furnished 
with  a false  bottom,  pierced  with  holes,  and  moveable,  or  fixed 
a few  inches  above  the  real  bottom.  There  are  two  side-open- 
ings between  the  two ; to  one  is  fixed  a pipe  to  convey  water 
into  the  tun,  and  the  other  is  used  fur  drawing  the  liquor  out, 
Tbe  malt  is  to  be  strewed  over  the  false  bottom,  and  a proper 
quantity  of  water  let  in  from  the  upper  copper ; after  which, 
the  mass  is  beaten  by  poles,  or  a machine  like  a rake  or  har- 
row, and  moveable  on  a perpendicular  beam,  with  transverse 
arms  for  the  rakes.  Wbeu  Hie  mashing  is  completed,  the  tun 
is  covered  to  prevent  tbe  escape  of  the  heat,  and  the  whole  is 
suffered  to  stand,  that  the  insoluble  parts  may  separate  from 
(he  Jiquur ; the  side-hole  is  then  opened,  and  the  clear  wort 
discharged  into  the  lower  copper.  The  most  eligible  tempera- 
ture in  mashing  is  from  185  to  190  degrees,  but  for  the  first 
mashing  the  heat  of  tbe  water  must  be  less,  and  so  in  propor- 
tion to  the  dark  colour  of  the  malt. 

The  wort  of  tho  first  mashing  is  always  the  richest  in  saccha- 
rine matter;  but  to  exhaust  the  malt,  a second  and  third  mash- 
ing arc  requisite.*  Thirty  gallons  may  be  drawn  from  each 
bushel  of  malt,  for  sound  small  beer;  six  and  a half  gallons 
only  for  strong  ale.  Every  bushel  of  malt  absorbs,  or  retains, 
about  three  and  a half  gallons  of  water.  The  next  process  is 
boiling  and  hopping;  if  only  one  kind  of  liquor  is  to  he  made, 
the  produce  of  the  three  mashings  should  be  mixed;  if  both 
ale  and  table-beer  are  required,  the  wort  of  the  first,  or  first  and 
second  mashings,  is  for  the  ale,  and  the  remainder  for  the  beer. 
The  wort  intended  for  the  same  liquor,  after  it  comes  from  the 
■ tun,  is  put  into  tbe  lower  copper,  and  mixed  with  a proportion 
] of  hops ; and  the  better  the  wort,  the  greater  the  quantity  of 
hops  will  be  wanted.  Hops  contain  gallic  acid  and  tanning 
matter,  and  deprive  tho  sweet  wort  of  tbe  mucilage,  which 
occasions  the  beer  to  keep  without  turning  sour.  After  the 
hops  have  been  mixed  with  the  wort  in  the  copper,  Ihe  liquor 
is  made  to  boil  as  fast  u possible,  when  it  is  discharged  into 
shallow,  tubs,  called  coolers,  where  it  remains  till  it  is  eoo! 
enough  to  undergo  fermentation. 

From  tbe  coolers  the  liquor  is  transferred  to  the  working 
tun,  and  with  it  is  mixed  a gallon  of  yeast  to  four  barrels  of 
beer.  In  four  or  five  hours  the  fermentation  commences,  but  it 
requires  from  18  to  48  hours  before  the  wort  is  fit  to  be  bar- 
relled. The  fermentation  still  goes  on  in  the  barrels,  and  in  a 
few  days  a copious  discharge  of  yeast  takes  place  from  tho 
bung-hole,  and  the  greater  portion  of  gluten  is  disengaged.  In 
brewing,  the  gluten  is  not  wanted,  but  in  bread  is  indispen- 
sable. and  alone  renders  it  fit  for  use.  Care  must  be  taken  to 
fill  up  the  barrel  every  day  with  fresh  liquor ; this  discharge 
lessens  daily,  and  end*  entirely  in  about  a week,  when  the 
bung-hole  is  closed,  and  the  liquor  is  fit  for  use,  after  standing 


* Brewers  oao  « ** retire* wrier  to  oseorlnin  Ik*  goods***  of  the  won. 
Tlita  mjiromrni  t*  n kind  of  kydroiMler,  snd  skews  iko  specific  gravity  of 
tbe  wort,  rather  tku  the  exact  qaaatity  of  saccharine  matter  cooUiood  to  it. 
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from  a fortnight  to  three  month.*,  according  to  its  strength,  and 
the  temperature  at  which  it  has  been  fermented.  The  fining 
of  llir  beer  is  done  by  the  use  of  isinglass.  But  drugs  are 
sometimes  used,  to  give  a narcotie  and  stupefying  power  to  the 
beer. 

Ale,  a fermented  liquor  extracted  from  malt,  has  a less  pro- 
portion of  hops  than  beer.  It  was  first  made  in  Egypt  as  a 
substitute  for  wine,  and  was  a favourite  drink  with  the  Anglo- 
Saxons  and  Danes.  Pale  ale  is  accounted  more  wholesome 
than  brown  ale,  because  it  is  brewed  from  malt  slightly 
roasted,  while  the  latter  is  made  of  drier  malt. 

To  mako  malt,  barley  is  steeped  in  cold  water,  not  less  than 
40  hours.  When  it  is  sufficiently  steeped,  the  water  is  drained 
off,  and  the  barley  spread  upon  the  malt  floor,  where  it  is 
formed  into  a rectangular  heap,  about  16  inches  deep.  In  this 
state  it  remains  about  26  hours.  It  is  then  turned  with 
wooden  shovels,  and  diminished  in  depth:  this  is  repeated 
twice  or  thrice  a day.  and  the  grain  is  constantly  spread,  till  its 
depth  docs  not  exceed  a few  inches.  On  the  couch  it  absorbs 
oxygen  from  the  atmosphere,  which  it  converts  into  carbonic 
acid  ; the  temperature  gradually  increases,  and  in  fonr  days 
the  grain,  now  ten  degrees  hotter  than  the  atmosphere,  be- 
comes moist,  and  exhales  an  agreeable  odour : this  is  termed 
the  sweating.  The  maltster  must  keep  the  temperature  from 
becoming  excessive,  by  turning.  At  the  period  of  sweating,  the 
roots  of  the  grains  appear.  In  one  day  after  the  sprouting  of 
the  roots,  the  rudiments  of  the  future  stem  called  the  acrospire, 
may  be  seen  to  lengthen.  As  it  shoots  along  the  grain,  the 
mealy  part  undergoes  a considerable  change : the  glutinous 
and  mucilaginous  matter  is  taken  up  and  removed,  the  colour 
becomes  white,  and  tho  texture  so  loose  that  it  crumbles  to 
powder  between  the  fingers.  When  the  acrospire  has  come 
nearly  to  the  end  of  the  seed,  the  process  is  stopped  by  drying 
the  malt  upon  a kiln.  It  is  then  cleaned.  When  the  grain  is 
dried  gradually,  or  in  the  sun,  it  is  called  air-dried  malt;  or 
when  quickly,  by  the  heat  of  a stove,  kiln-dried  ; the  latter 
being  charred  partially,  is  brown,  more  or  less  intense,  and 
contains  less  fermentable  matter  than  the  air-dried,  or  pale 
malt.  Burnt  sugar  is  frequently  used  to  colour  heer. 

BRIDGB,  an  artificial  mode  of  conveyance  from  one  part  of 
space  to  another,  the  intermediate  part  being  either  impass- 
able, or  difficult,  or  otherwise  of  inconvenient  access.  Among 
the  ancients,  tho  Greeks  borrowed,  with  their  science,  their 
knowledge  of  architecture,  and  consequently  of  bridge-making, 
from  the  Asiatics;  and  of  these  last,  the  Chinese  attained  a 
degree  of  perfection  which  neither  Greece  nor  Rome  could 
boast.  From  time  immemorial,  chain  bridges  have  passed 
from  acclivity  to  acclivity,  a distance  in  some  instances  of 
000  feet,  the  height  of  the  arch  being  760  feet ; and  this  in  one 
span  t 

The  bridge  (of  wood  or  boats)  that  Darius  built  over  the 
Propontis,  or  the  Dardanelles,  to  pass  from  Asia  into  Europe, 
surpasses  all  the  modern  military  bridges.  But  this  is  outdone 
by  the  bridge  of  Trajan  over  the  Danube,  which  one  cannot 
sufficiently  admire ; for  though  all  the  works  of  this  emperor 
were  magnificent,  yet  this  structure,  4770  feet  long,  supported 
by  twenty  piers  of  square  stone,  each  pier  150  feet  high  above 
the  foundation,  60  feet  in  breadth,  and  170  feet  from  each 
other,  does  equal  honour  to  the  wise  policy  of  the  Roman,  and 
his  eastern  architect,  Apollodorus  of  Damascus. 

Among  the  moderns.  Belidor,  an  engineer,  directa  that  the 
piers  be  one-fifth,  or  at  least  one-sixth,  of  the  opening:  and  the 
arch  stones  ^«th  part  of  the  opening:  in  general,  that  the  pier 
ought  to  be  of  that  strength,  that  it  will  support  its  arch  as  an 
nbutment;  which,  by  practice,  he  finds  to  be  one-fifth  or  one- 
sixth  ; but  gives  as  a rule,  one-sixth  and  two  feet  more.  For 

36 

example,  an  arch  of  36  feet  should  have  a pier  of  — + 

8 feet.  In  an  arch  of  T2  be  makes  the  pier  14  feet,  tix.  two 
feet  more  than  one-sixth. 

Gautier,  another  engineer,  differs  only  from  Belidor  as  to 
the  length  of  the  arch  stones ; which  in  arches  of  24  feet  ought 
to  he  2 feet ; if  46.  3 feet ; if  60.  4 feet ; if  76,  6 feet;  if  96, 
6 feet,  when  the  stone  is  of  a durable  material ; but  of  greater 
dimensions,  when  the  s:oue  is  soft,  and  easily  decomposed  : 


and  an  arch  stone  of  6 feet,  of  durable  material,  will  suffice  for 
an  arch  of  160,  or  even  200  feet  See,  in  the  tetjvtl,  A Table  for 
the  Thieknett  of  Bridget. 

Jjtndun  Bridge,  (see  Plate,  Bridget,)  planned  by  Peter  of 
Collchnrch,  a priest,  has  its  piers  much  stronger,  being  more 
than  half  the  opening ; the  piers  being  from  26  to  34  feet, 
18  in  number,  the  width  of  the  river  being  only  900  feet.  This 
bridge  is  now  being  supplanted  by  a more  capacious  structure, 
which  lias  this  year,  1824,  been  begun  to  be  built ; aud  of  which 
we  shall  speak  in  the  close  of  this  article. 

The  piers  of  Weitmmeter  Bridge,  (see  Plate,  Bridget,)  are 
17  feet,  the  breadth  of  the  river  1223  feet,  the  arches  semicir- 
cular; the  spring  commencing  about  two  feet  above  low-water 
mark.  There  are  thirteen  large  and  two  smaller  arches;  the 
centre  arch  is  76  feet  span,  aod  the  others  decrease  on  each 
side  by  four  feet.  The  passage  for  carriages  is  of  very  difficult 
ascent,  the  rise  being  30  feet  in  a distance  of  61 1 '5  feet.  The 
whole  width  is  44  feet,  and  ledges,  balustrades,  and  semi- 
octagon recesses,  or  towers,  with  the  well-paved  footpath,  give 
this  bridge  an  elegant  appearance. 

Blaehfriart'  Bridge,  (see  Plate,  Bridget,)  has  elliptical  arches, 
and  no  precaution  was  neglected  that  could  contribute  to 
its  strength,  or  give  addition  to  its  elegance.  In  the  middle 
arch,  which  is  of  100  feet  span,  the  flat  part  of  the  arch  is 
described  with  a radius  of  about  67  feet ; the  lesser  circles  on 
either  side  being  36},  or  36  nearly.  This  small  arch  is  con- 
tinued below  its  diameter,  till  its  chord,  as  in  the  annexed 
figures,  become  16  feet  nearly,  and  its  versed  sine  6 feet  nearly, 
which  gives  it  the  degree  of  novelty 
alluded  to ; and  which  is  far  fioui 
being  disagreeable  to  the  eye. 
The  shoulders  are  compactly  filled 
with  ruble  work,  the  bed  of  each 
row  tending  to  the  centre  of  the 
arch.  To  the  height  to  which  the 
arch  can  be  raised  w itliout  a sup- 
porting frame,  an  inverted  semi- 
circle is  drawn,  the  convexity  of 
the  arch  resting  upon  this  rnble  work,  which  is  formed  of 
Kentish  rag  ; but  other  hard  stone  will  equally  well  answer  this 
purpose,  as  that  cannot  be  every  where  procured.  The  in- 
verted arch  answers  two  purposes;  it  prevents  this  ruble  being 
raised  bv  any  lateral  pressure,  and  makes  those  parts  of  the 
arch  which  form  the  greatest  lateral  pressure,  abut  upon  each 
other:  hence  there  is  little  or  no  lateral  pressure  upon  the  pier. 

The  bridge  of  Burton-on-Trent  is  the  longest  in  Britain, 
being  1646  feet,  supported  on  34  arches : the  most  stupendous 
in  Europe,  that  over  the  Tavc  in  Glamorganshire,  consisting  of 
only  one  arch,  Ihe  segment  of  a circle  whose  diameter  is  176 
feet ; the  chord  of  the  segment,  or  span  of  the  arch,  140  feet, 
the  height  or  vertical  sine  36  feet ; the  abutments  32  feet : the 
architect  was  William  Edward,  a country  mason:  it  was  built 
in  1766. 

The  Rialto  at  Venice,  built  by  Michael  Angelo,  is  reckoned 
a masterpiece  of  art,  on  account  of  its  flatness  and  extent, 
being  981  feet  span,  and  23  feet  only  above  the  water ; but  this 
is  far  outdone  by  many  bridges  of  modern  erection. 

Wooden  Bridget.  Where  stone  bridges  cannot  be  constructed, 
on  account  of  expense,  or  other  causes,  very  durable  ones  may 
be  formed  of  wood  : all  the  parts  ought  to  press  on  one  another 
like  the  arch  of  a stone  bridge ; and  thus,  instead  of  being 
w eakened  by  great  weights  passing  over  them,  they  will  become 
the  stronger.  How  this  is  to  be  effected,  will  be  best  under- 
stood from  the  annexed  figure. 
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The  StciiM  Bridge,  (as  represented  in  the  following  figure.)  a 
rude  composition  of  trees  unhewn,  and  covered  with  rushes 
or  hoards,  serves  very  well  for  small  streams,  caunls,  8tc.  in 


gentlemen's  parks,  Ac.  This  may  be  improved  by  the  addition 
of  a rustic  balustrade,  in  the  following  style. 


The  Tied-Ptank  Bridge  Am  in  the  annexed  figure.)  is  formed 
by  fixing  the  ends  of  two  or  more  planks  in  two  heads  of  iron, 
m,M,  and  then  connecting  them  by  wrought  iron  rods,  b,k,  fixed 


to  the  heads  in  the  manner  of  a bow  string.  A very  slight 
bridge,  thus  formed,  acts  both  by  tenacity  and  gravity.  Thus, 
when  the  bridge  is  but  lightly  loaded,  the  particles  of  the  boards 
are  not  moved,  bat  merely  pressed  on,  and,  therefore,  the 
arched  part  may  be  said  to  act  by  gravity,  while  this  pressure, 
being  propagated  to  the  abutments,  these  are  held  in  equili- 
brium by  the  iron  rods  acting  by  their  tenacity.  On  the  other 
hand,  when  a bridge  of  this  description  is  heavily  loaded,  the 
arch  will  bend  downwards,  or  yield  in  some  places,  and  rise 
in  others ; in  which  case  the  whole  will  act  by  tenacity. 

A very  light  and  strong  Bridge  may  be  formed  by  screwing 
together  thin  boards  in  the  form  of  a segment,  or  by  screwing 
together  a system  of  triangles  of  timber,  as  in  Ibc  following 
figure.  These  triangles  being  equilateral,  become  in  eficct  so 
lhany  ports  of  hexagonal  figures  which  may  be  circumscribed 
a circle,  and  thence  carried  to  any  extent,  though,  in  the  con- 
struction, the  whole  may  act  more  by  tenacity  than  by  pressure. 


Light  Bridge. 


For  broad  sluggish  rivers,  swampy  ground,  Ac.  snch  a bridge 
will  do  very  well,  but  it  is  inferior  perhaps  to  the  following 
Strong  Bridge. 


The  Boot  Bridge,  as  here  represented,  may  be  worked  by  a 
mechanical  power,  as  the  wheel  and  pinion,  or  by  means  of  a 
cylinder  and  rope  B,  and  machinery  fixed  in  a box  C,  and 


connected  with  the  rope  D,  the  vehicle  may  be  moved  from  one 
side  of  a stream  to  the  other,  by  merely  turning  the  winch  E. 
A contrivance  of  this  kind  was  devised  by  Repton,  for  passing 
a piece  of  water  in  the  park  of  Holkham  Hall,  Norfolk,  the 
estate  ofT.  W.  Coke,  Esq. 

The  Flying  Boat,  as  represented  in  the  annexed  figure,  with 
the  deck  arranged  as  part  of  the  gravel  walk,  which  approaches 
the  edge  of  the  water,  derives  its 
motion  from  the  obliquity  of  it# 
sides  to  the  direction  of  the  cur- 
rent, which  must  be  kept  up  by 
the  use  of  a rudder.  Tbe  force 
of  tbe  stream  is  at  a maximum 
when  the  angle  formed  by  it  and 
the  side  of  the  boat,  is  64°  44\ 
The  boat  « must  be  anchored  to  a 
post  h,  fixed  in  the  middle  of  the 
river,  and  tbe  longer  the  cable  r, 
the  manoeuvre  will  be  the  more 
easily  executed,  provided  the  move- 
ment is  not  made  in  a greater  arc 
than  90°.  The  same  purpose  may 
be  effected  by  a triangular  raft, 
without  the  help  of  a rudder. 

The  Flying  Bridge  may  be  formed  of  several,  or  indeed  of 
many  boats,  joined  together  and  floored  with  substantial 
planks,  surrounded  with  a rail  or  balustrade  : and  according 
to  its  breadth  it  may  have  one  mast,  or  two  masts,  to  support 
a rope  at  a proper  height ; one  end  may  turn  round  a windlass, 
the  other  may  be  fastened  to  an  anchor  in  mid  stream,  and  may 
be  kept  aloft  by  buoys.  As  in  the  former  case,  the  bridge  i a 
worked  by  one  rudder,  if  there  is  one  boat ; if  more  boat*,  thaw 
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bach  may  have  a rudder,  the  tillers  or  all  the  rudders  moving: 
at  the  same  angle.  As  the  stream  is  narrow  or  wide,  the  sus- 
pension rope  may  be  shortened  or  lengthened  by  the  windlass. 
.Such  bridges  will  ferry  over  cavalry  or  infantry  ; but  to  become 
defensible  by  mutual  support  and  augmented  strength,  several 
such  bridges,  at  convenient  distances,  are  launched  and 
moored.  A,  B,  CD,  (in  the  following  figure.)  arc  two  long 
boats  which  support  the  bridge ; G II,  K L,  two  masts  joined 


at  their  tops  by  traverse  beams,  and  a central  arch  supported 
in  a vertical  position,  by  two  pair  of  shrouds  and  two  chains, 
L N and  H R.  M is  a horse,  or  cross  piece,  upon  which  the 
cable  M P,  tf,  rests  : the  use  of  this  haj  been  explained  above. 
The  buoys  arc  t,f.  E windlass,  a,b,  rudders.  A B,  C D,  two 
portions  of  bridges  of  boats  fastened  to  the  banks  on  each  side 
of  the  stream,  and  between  which  the  bridge  traverses.  The 
annexed  figure  is  a ground  plan  of  tbe  same  bridge.  K,  Q, 


the  mast  holes;  B,  windlass;  N,  N,  pomps;  P,  P.  capstans. 
Pig.  1,  a lateral  elevation  of  tbe  same;  b,  the  rudder;  B,  the 

Vitw  Fort  and  Aft. 


windlass ; M,  the  horse ; B.  N,  II,  F,  the  cable.  Fig.  2,  is 
an  elevation  of  tbe  hinder  part  of  the  bridge  or  stern ; a,  b,  tbe 
two  boats  ; Q H,  K L,  the  two  masts ; H L,  the  upper  traverse 
beam  ; />  q.  the  lower  traverse  beam,  over  which  the  cable 
passes,  and  occasionally  slides  from  one  mast  to  the  other; 
and  must  on  that  account  be  kept  well  greased,  p k,  g gt 
shrouds ; M the  cross  piece  over  which  the  cable  passes  to  the 
windlass. 

The  Buthm  Bridgt,  made  of  bundles  of  rushes,  serves  to 
afford  a passage  over  marshy  ground.  And  bridges  of  casks, 
bottles,  bladders,  and  buoys  made  of  skins,  do  well  for  trans- 
porting individuals,  or  even  troops,  as  portable  machines. 

The  Draw  Bridge,  made  after  the  manner  of  a float,  to  draw 
up  or  let  down,  as  occasions  serve,  before  tbe  gate  of  a town  or 
castle,  may  be  made  after  several  different  ways ; but  the  most 
common  are  made  with  plycrs  twice  tbe  length  of  the  gate,  and 
a foot  diameter.  The  inner  space  is  traversed  with  a cross, 
which  serves  for  a counterpoise,  ami  the  chains  which  hang 
from  the  extremities  of  the  plyers,  to  lift  up  or  let  down  tbe 
bridge,  arc  of  iron  or  brass.  Such  bridges  we  have  seen  at 
Stirling  and  Edinburgh  castles,  at  the  Tower  of  London,  at  thw 
castle  of  Vincennes,  and  many  other  regularly  fortified  places. 
In  navigable  rivers  it  is  sometimes  necessary  to  make  the  mid- 
dle arch  of  bridges  with  two  moveable  platforms,  to  be  raised 
occasionally,  in  order  to  let  the  masts  and  rigging  of  ships  pass 
through  this  kind  of  drawbridge.  A B (in  the  following  figure) 
represents  the  middle  of  the  arch  ; A L and  B L the  two  piers 
that  support  the  drawbridge,  N O,  one  of  the  platforms  of 
whieh  is  raised  and  the  other  let  down,  having  the  beam  P Q 


for  its  plyer.  To  N O are  suspended  two  moveab  e braces, 
E II,  E H.  whieh  resting  on  the  support  E,  press  against  tho 
bracket  M,  and  thereby  strengthen  tbe  draw  bridge.  These 
braces  arc  conducted  to  tbe  rest  by  means  of  tho  weight  S 
pulling  the  chain  S LF. 

It  will  now  be  necessary  to  proceed  with  those  details  upon 
which  the  practical  construction  of  bridges  depends ; and  we 
will  therefore  lay  down  Bclidor’s  Table  for  the  thickness  of 
their  piers,  agreeably  to  what  has  been  said  above,  on  the  rela- 
tive proportions  between  the  span  of  the  arch  and  the  thickness 
and  height  of  the  piers. 

The  first  horizontal  line  expresses  the  height  of  the  piers  in 
feet,  from  6 to  24  feet,  each  increasing  by  3.  The  first  vertical 
column,  the  width  of  tbe  arches  from  20  to  100  feet,  for  every 
five  feet.  The  other  columns  express  the  thickness  of  piers  in 
feet  and  decimals,  according  to  the  respective  height  at  the 
head  of  the  columns,  and  the  width  of  the  arch  against  it  in  the 
first  column.  Thus,  e.g.  let  the  width  of  the  arch  be  00  feet, 
and  the  height  of  the  piers  12,  then  the  number  12*718  under 
12,  and  against  60,  expresses  the  thickness  of  the  piers,  i.  e. 
12  feet  8 inches  ft1*1*-  The  length  of  the  key-stone  in  an  arch 
of  30  feet  wide,  is  2 feet ; 3,  4,  6,  6 feet  in  an  arch  of  45,  GO, 
75.  90. 

As  this  tabic  contains  the  thickness  of  the  piers  in  respect 
to  arches  that  are  commonly  used  in  practice,  we  imagine  ft 
would  be  needless  to  carry  on  the  table  further ; became  tho 
difference  between  the  thickness  of  the  piers  of  any  two  con- 
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tignons  arches  being:  bat  small,  those  between  any  two  marked 
kero  may  be  made  equal  to  half  the  sum  of  the  next  below  and 
above  it ; thus,  the  thickness  of  the  piers  of  an  arch  62  or  53 
feet  wide,  is  nearly  equal  to  10-242,  half  the  sum  of  the  thick- 
nesses 0-085  and  10  64,  of  the  arches  50  and  55  feet  wide,  when 
the  height  Qf  the  piers  is  6 feet. 


TiSl-E  c ontaining  the  Thickness  of  Piers  of  Bridges. 


6 

9 

12 

15 

18 

21 

21 

20 

4*674 

4*918 

6*165 

6*350 

5 492 

6*610 

5 689 

25 

5-460 

5913 

6216 

6*465 

6 645 

6801 

7*930 1 

30 

6380 

6-816 

7*225 

7*513 

7*740 

7 939 

8-IC2 

36 

7-268 

7-788 

8**200 

8 632 

8-807 

0037 

9-233 

40 

8-404 

8 091 

9*148 

9*623 

9*835 

10*101 

10-328 

46 

8-965 

9679 

10*077 

10-489 

10-817 

11-310 

11-394 

60 

9 806 

10  464 

10*987 

11*436 

11-817 

12-148 

12-234 

66 

10*640 

11  246 

11*882 

123G4 

13019 

13*149 

13218 

60 

11  400 

12-110 

12718 

13*218 

13  723 

14-109 

14-314 

65 

12265 

13025 

13  648 

14*185 

14*651 

16*082 

16*435 

70 

13  114 

13  869 

14617 

16*049 

15-573 

1601 1 

1 0*400 j 

76 

14  000 

14-705 

16  336 

16*965 

16-480 

16940 

17-354! 

80 

14  747 

15642 

16234 

16*842 

17  381 

17-864 

18-296 

86 

16313 

16-328 

17041 

17*674 

18*237 

18*742 

19198 

90 

16  373 

17-201 

17*429 

18*178 

19*267 

19-679 

20  132 

95 

17  184 

17820 

18*771 

19-438 

20  036 

20-577 

21  008 

100 

17  991 

18*848 

19*620 

*20  293 

20  908 

21-468 

31*978 

Rectangular  piers  are  seldom  used  bat  in  bridges  over  small 
rivers.  In  all  other  cases,  they  project  beyond  the  bridge  by  a 
triangular  prism,  which  presents  an  edge  or  an  angle  to  the  car- 
rent,  in  order  to  divide  the  water  more  easily,  and  to  prevent 
ice  and  other  matters,  that  float,  from  sheltering  there,  as  well 
os  vessels  from  ranning  foul  against  them.  That  edge  is  ter- 
minated by  the  adjacent  faces  at  right  angles  to  each  other  at 
Westminster  bridge,  and  makes  an  acute  angle  at  the  Pont 
Royal  of  Paris,  of  about  60  degrees  ; bat  of  late,  the  French 
terminate  this  angle  by  two  cytindric  surfaces,  whose  bases  are 
arcs  of  60°  in  all  their  new  bridges. 

Slope  of  the  Bridge  on  each  side , and  Width. — When  the  banks 
of  the  rivers  are  high,  the  bridge  is  level  above,  and  all  the 
arches  of  an  equal  width  ; bat  where  they  are  low,  or  for  the 
sake  of  navigation,  a large  arch  is  made  in  the  middle  of  the 
stream,  and  the  bridge  is  higher  in  the  middle  than  at  the  ends ; 
the  slope  easy  and  gradual  on  both  sides,  so  as  to  form  one 
continued  curve  line.  The  descent  of  that  slope  may  be  one- 
fiftieth  part  of  the  length. 

The  width  allowed  to  small  bridges  is  30  feet;  hut  in  large 
ones,  near  great  tdwns,  30  feet  arc  allowed  clear  for  horses 
and  carriages,  besides  a pathway  on  each  side  for  foot  passen- 
gers, from  6 to  0 feet  broad,  raised  about  a foot  above  the  car- 
riage road  ; the  parapet  walls  on  each  side  are  about  18  inches 
thick,  and  4 feet  high,  and  generally  project  over  the  bridge 
with  a cornice  underneath.  Sometimes  balustrades  of  stone 
or  iron  are  placed  upon  the  parapet,  as  at  Westminster  and 
Black  friars’  bridges ; but  this  is  only  practised  in  bridges  of  a 
great  length,  ana  near  the  capital  of  a country.  The  ends  of - 
bridges,  open  from  the  middle  of  the  two  large  arches  with  two 


wings,  making  an  angle  of  45  degrees  with  the  vest,  in  order  to 
make  their  entrance  more  free  and  easy.  These  wings  are 
supported  by  the  same  arches  of  the  bridge  next  to  them,  being 
continued  in  the  manner  of  an  arch,  of  which  one  pier  is  much 
longer  than  the  other. 

The  Methods  of  Laying  the  Foundation.  — Laying  the  founda- 
tion of  the  pier  is  the  most  difficult  part  of  the  whole  work, 
except  when  the  depth  of  the  water  does  not  exceed  6 or  8 
feet.  In  shallow  water,  one  of  the  abutments,  with  the  adja- 
cent piers,  is  enclosed  by  a dike  of  a sufficient  width  for  the 
work,  and  room  for  the  workmen.  This  dam  is  made  by  driv- 
ing a double  row  of  piles,  whose  distance  is  equal  to  the  depth 
of  water,  and  the  piles  irueach  row  arc  3 feet  from  each  other. 
They  are  fastened  together  on  the  outside  by  bonds  of  6 by  4 
inches  thick.  This  done,  frames  about  0 feet  wide  are  placed 
on  the  inside,  to  receive  the  boards  which  are  to  form  the 
enclosure.  The  two  uprights  of  these  frames  are  two  boards 
of  an  inoh  and  a half  thick,  sharpened  below,  to  be  driven  into 
the  gronnd  as  deep  as  necessary  ; then  the  boards  themselves 
are  likewise  driven  in  till  they  reach  the  firm  ground  under- 
neath. Between  every  two  piles,  tie-beams  are  fixed  to  the 
ends  of  the  piles,  to  strengthen  the  inside  wall,  and  fasten  it  to 
the  outside  one;  these  tie-beams  aro  let  into  the  bonds,  and 
bolted  to  the  adjacent  piles.  The  bottom  is  then  cleared  from 
the  loose  sand  and  gravel,  by  a machine  like  that  nsed  by 
ballast-heavers,  and  then  well  prepared  clay  is  rammed  into 
this  coffer  very  tight  and  firm,  to  prevent  the  water  from  oozing 
through.  Sometimes  these  enclosures  are  made  with  piles  only, 
driven  close  to  each  other;  at  others,  the  piles  are  notched  ur 
dove-tailed  one  Into  the  other  ; but  the  roost  usual  method  is 
to  drive  piles  with  grooves  in  them,  5 or  6 feet  distant  from 
each  other,  and  boards  are  let  down  between  them  in  these 
grooves. 

Pumps  and  other  eugines  are  now  used  to  draw  the  water  oat 
of  the  dams  or  enclosures,  till  they  become  quite  dry;  theu 
the  foundation  is  dug,  and  the  stones  are  laid  with  the  usual 
precautions,  observing  to  keep  some  of  the  engines  always 
standing,  to  draw  off  the  water  that  may  ooze' through  the 
coffer  work.  The  foundation  being  cleared,  a course  of  stone 
is  laid  on  the  outside  all  round,  with  (he  largest  stretchers  and 
headers  that  can  be  had,  and  the  inside  filled  with  ashlers  well 
jointed,  the  whole  laid  in  terrass  mortar ; and  some  cramps  aro 
also  used  to  fasten  the  facings  with  the  inside.  The  same 
manner  is  to  be  observed  throughout  all  the  courses,  to  the 
height  of  low-water  mark  ; after  which,  the  facings  alone  aro 
laid  in  terrass  mortar,  and  the  inside  with  the  best  of  tbe  com- 
mon sort.  When  the  foundation  has  been  raised  to  tbe  height 
of  low  water  mark,  or  to  the  height  where  the  arches  begin, 
then  the  shaft  or  middle  wall  is  to  be  carried  up  nearly  to  tbe 
height  of  the  arches,  and  there  left  standing  till  all  the  piers 
are  finished,  in  order  that  the  masonry  may  be  sufficiently  dry 
and  settled  before  the  arches  arc  begun. 

The  proper  Form  of  the  Bote. — As  the  piers  terminate  generally 
with  an  arch  at  each  end,  it  is  usual  to  lay  the  foundation  in 
the  same  manner ; which  is  not  so  well  as  to  continue  the  base 
rectangular  quite  to  the  ends  of  the  piers,  and  as  high  as  low. 
water  mark,  both  because  the  foundation  becomes  then  so 
much  broader,  and  also  because  tbe  water  will  not  be  able  to 
get  under  it;  for  wheu  the  current  seta  against  a fiat  surface. 
It  drives  tbe  sand  and  mild  against  it,  so  us  to  rover  it  entirely, 
whereas  if  a sharp  edge  be  presented  to  the  stream,  it  carries 
every  thing  away,  and  exposes  the  foundation  to  the  continual 
action  of  tie  water,  which  in  conrso  of  time  must  destroy  it 

After  the  intervals  between  the  arches  are  filled  up  with 
stones,  laid  in  a regular  manner,  without  mortar,  and  the 
gravel  is  laid  over  them ; two  drains  or  gutters  are  tnado 
lengthwise  over  the  bridge,  one  on  each  side  next  to  the  foot- 
path, abont  six  feet  wide  and  a foot  deep,  which  being  filled 
with  small  pebble-stones,  serve  to  carry  off  the  rain  water  that 
falls  ontho  bridge,  and  to  prevent  its  filtering  through  the  joints 
of  the  arches,  as  often  happens. 

Method  of  Building  inf  A Coffers,  as  r«i  practised  at  West- 
minster Bridge,  is  to  build  with  coffers,  when  it  is  preferable, 
from  the  depth  of  water  being  6 feet  at  a medium  when  lowest, 
and  tbe  tide  rises  abont  10  feet  at  a medium  also,  so  that  the 
greatest  depth  of  water  is  about  16  feet.  At  the  place  whore 
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one  of  the  |iien  at  the  middle  or  gTeat  arch  was  to  he,  the 
workmen  drove  piles  of  about  13  or  14  inches  square,  and  .'M 
feet  long,  shod  with  iron,  so  ns  to  enter  into  the  gravel  with 
more  ease,  and  hooped  above,  to  prevent  their  splitting  in 
driving  them  home.  These  piles  were  driven  from  13  to  14 
feet  below  the  bed  of  the  river,  and  7 feet  distant  from  each 
other,  parallel  to  the  short  ends  of  the  pier,  and  about  30  feet 
distant  from  them.  The  number  of  these  piles  was  34,  and 
their  intent  was,  to  prevent  any  vessels  or  barges  from  ap- 
proaching the  work  ; and  in  order  to  hinder  boats  from  passing 
between  them,  booms  were  placed  so  as  to  rise  and  fall  with 
the  water. 

At  this  stage  of  the  work,  the  ballast-men  dug  the  foundation 
under  the  water,  of  about  6 feet  deep,  and  6 wider  all  round 
than  the  intended  coder  was  to  be,  with  an  easy  slope,  to 
prevent  the  ground  from  falling  in.  In  order  to  prevent  the 
current  from  washing  the  sand  into  the  pit,  short  grooved  piles 
were  driven  before  the  two  ends,  and  part  of  the  sides,  about 
4 feet  higher  than  low-watermark,  and  16 feet  distant  from  the 
coder : between  these  piles,  rows  of  boards  were  let  into  the 
grooves  down  to  the  bed  of  the  river,  and  fixed  there. 

The  bottom  of  the  coder  was  made  of  a stroog  grating,  con- 
sisting of  I wo  rows  of  large  timbers,  the  one  longways,  and 
the  other  crossways,  bolted  together  with  wooden  trunnels  ten 
feet  wider  than  the  intended  foundation.  The  sides  of  the  coffer 
were  made  with  tir  timbers  laid  horiaontally  close  one  over 
another,  pinned  with  oaken  trunnels,  and  framed  together  at 
the  corners,  excepting  at  the  two  protruding  angles,  where 
they  were  secured  with  iron,  so  that  the  one  half  might  be 
loosened  from  the  other,  if  it  should  be  thought  necessary  : 
these  sides  were  lined  on  the  inside,  as  well  as  on  the  outside, 
with  three-inch  planks  placed  vertically  ; the  thickness  of  those 
sides  was  18  inches  at  the  bottom,  reduced  to  15  above,  and 
they  were  16  feet  bigh ; besides,  knee-timbers  were  bolted  at 
the  angles,  to  secure  them  in  the  strongest  manner.  The  sides 
were  fastened  to  the  bottom  by  26  pieces  of  timber  on  the  out- 
side, and  16  within,  called  straps,  about  6 inches  broad  and  3 or 
4 inches  thick,  reaching  and  lapping  over  the  ends  of  the  sides. 
The  lower  part  of  these  stiaps  had  one  side  cut  dove-tail 
fashion,  to  fit  mortises  made  near  the  edge  of  the  bottom,  and 
were  kept  in  their  places  by  iron  wedges ; which  being  driven 
out  when  the  sides  were  taken  away,  gave  liberty  to  clear  the 
straps  from  the  mortises. 

Before  the  coffer  was  launched,  the  foundation  was  ex- 
amined, to  know  whether  it  was  level;  for  which  purpose 
several  gauges  were  made,  each  of  which  consisted  of  a stone 
of  about  16  inches  square  and  3 thick,  with  a wooden  pole  in 
the  middle,  of  about  18  feet  long.  Tho  foundation  being 
levelled,  and  the  coffer  fixed  directly  over  the  place  with 
cables  fastened  to  the  adjacent  piles,  the  masons  hid  the  first 
course  of  stones  for  the  foundation  within  it ; which  being 
finished,  a sluice  made  near  the  side  was  opened  at  low  water, 
on  which  the  coffer  snnk  to  the  bottom ; and  if  it  did  not  set 
level,  the  sluice  was  shut,  and  the  water  pumped  out,  so  as  to 
make  it  float  till  the  foundation  was  levelled  : then  tbe  masons 
cramped  the  stones  of  the  first  course,  and  laid  a second, 
which  being  likewise  cramped,  a third  course  was  laid:  then 
the  sluice  being  opened  again,  proper  care  was  taken  that  the 
coffer  should  settle  in  its  due  place.  The  stone  work  being 
thus  raised  to  within  two  feet  of  the  common  low-water  mark, 
about  two  hours  before  low  water  the  sluice  was  shut,  and  the 
water  pumped  out,  so  far  as  that  the  masons  could  lay  the 
next  course  of  stone,  which  they  continued  to  do,  till  the  water  j 
was  risen  so  high  as  to  make  it  unsafe  to  proceed  any  furthe;  ; 
then  they  left  off  the  work,  and  opened  the  sluice  to  let  in  the 
water.  Thus  they  continued  to  work  night  and  day,  at  low 
water,  till  they  had  carried  their  work  some  feet  higher  than 
the  low-water  mark  ; after  this,  the  sides  of  the  coffer  were  j 
loosened  from  the  bottom,  which  made  them  float,  and  then 
were  carried  ashore  to  be  fixed  to  another  bottom,  in  order  to 
serve  for  another  pier.  It  must  be  observed,  that  the  coffer  j 
being  no  higher  than  16  feet,  which  is  equal  to  the  greatest 
depth  of  water,  and  the  foundation  being  6 feet  under  the  bed 
of  the  river,  the  coffer  was  therefore  6 feet  under  water  when 
tire  tide  was  in;  but  bring  loaded  with  three  courses  of  stones, 
ewd  well  secured  with  ropes  fastened  to  the  piles,  it  could  nq» 


move  from  its  place.  By  making  it  no  higher,  much  labour 
and  expense  were  saved ; yet  it  answered  tbs  intent  folly  ad 
well  as  if  it  had  been  high  enough  to  reach  above  tbe  highest 
flood. 

The  pier  being  thus  carried  on  above  low-water  mark,  tbe 
masons  finished  the  rest  of  it  during  the  intervals  of  the  tides 
in  tbe  usual  way  ; and  after  all  tbe  piers  and  abutments  were 
finished  in  like  manner,  the  arches  were  begun  and  completed 
as  mentioned  before.  The  whole  bridge  was  built  in  about 
seven  years,  without  any  accidents  happening  either  in  the 
work,  or  to  the  workmen. 

Material*  employed.— All  the  piers  were  built  with  solid 
Portland  stone,  some  of  which  weighed  four  tons.  The  arch 
stones  were  likewise  of  the  same  sort;  but  the  rest  of  the 
masonry  was  finished  with  Kentish  rag-stones,  and  the  paths 
for  foot  passengers  were  paved  with  Purbec,  which  is  the 
hardest  stone  to  be  had  in  Kugland,  except  granite,  called 
otherwise  Plymouth  marble. 

This  Method  sometimes  impracticable. — This  method  cannot  bo 
used  in  many  cases;  as  where  the  foundation  is  so  bad  as  not 
to  be  depended  upon  without  being  piled, or  the  depth  of  water 
is  very  great,  with  a strong  current  and  no  tide.  For  if  piles 
are  used,  it  will  be  impossible  to  cut  them  off  in  the  same  level 
five  or  six  feet  below  the  bed  of  the  river;  and  if  this  is  not 
done,  the  grating  or  bottom  of  tbe  coffer  will  not  he  equally 
supported,  whereby  the  foundation  becomes  precarious.  In  a 
great  depth  of  water,  having  a strong  current  and  no  tide,  the 
coder  must  reach  above  the  water,  which  makes  this  process 
expensive,  unwieldy,  and  difficult  of  execution  ; so  that  there  is 
no  probability  of  using  it  in  such  a case. 

7 'he  Human  Method. — In  some  cases,  where  there  is  great 
depth  of  watrr.  and  the  bed  of  tbe  river  tolerably  level,  or 
where  it  can  be  madr  so  by  any  contrivance,  a strong  frame  of 
timber,  four  times  as  large  as  the  base  of  the  piers,  may  be 
let  down  with  stones  upon  it.  round  the  edges,  to  make  it  sink. 
After  fixing  it  level,  piles  must  he  driven  about  it  to  keep  it  in 
its  place,  and  the  foundation  laid  In  coffers  as  before,  which 
arc  kept  steady  by  ropes  tied  to  the  piles.  This  method  has 
frequently  been  practised  in  Russia;  and  though  the  bed  of 
the  river  is  not  solid,  yet  such  a grating,  when  once  settled 
with  the  weight  of  the  pier  upon  it,  will  be  as  firm  as  if  piles 
had  keen  driven  under  the  foundation ; but  to  prevent  the  water 
from  gulling  under  the  foundation,  and  to  secure  it  against 
all  accidents,  a row  of  dove-tail  piles  must  be  driven  quite 
round  the  grating.  This  precaution  being  takeo,  the  foundation 
will  he  a*  secure  as  any  that  can  he  made. 

The  Trench  Method. — The  French  engineer*  use  another 
method  in  raising  the  foundations  of  masonry  under  water, 
which  is,  to  drive  a row  of  piles  round  the  intended  place, 
nearer  to,  or  farther  from,  each  other,  according  aa  the  water 
is  more  deep  or  shallow.  These  piles  being  strongly  bound 
together  in  several  places  with  horiaontal  tie-beams,  support  a 
row  of  dove-tall  piles  driven  within  them  : when  this  is  done, 
sind  all  are  screwed  according  to  the  nature  of  tho  situation 
and  circumstances,  the  foundation  is  dog  by  a machine  with 
scoops,  invented  for  that  purpose,  until  the  workmen  come  to 
a solid  bed  of  gravel  or  clay  ; or  if  the  bed  of  the  river  is  of  a 
soft  consistence  to  a great  depth,  it  is  dug  about  six  feet,  and 
a grating  of  timber  is  laid  upon  It,  which  is  well  screwed  with 
piles  driven  into  the  opposite  corners  of  eaeh  square. 

When  the  foundation  is  thus  prepared,  the  masons  make  a 
mortar  called  beton , which  consists  of  twelve  parts  of  pozolano 
or  Dutch  terras,  six  of  good  sand,  nine  of  unslaked  lime,  thir- 
teen of  stone  splinters  not  exceeding  the  bigness  of  an  egg, 
and  three  parts  of  tile  dost,  or  cinders,  or  else  scales  of  forge 
iron  : this  being  well  worked  together,  roost  stand  24  boors,  or 
till  it  becomes  so  hard  as  not  to  be  separated  without  a pick- 
axe. This  mortar  being  thus  prepared,  they  throw  into  tho 
coffer  a bed  of  ruble  stones,  not  very  large,  and  spread  them 
all  over  tho  bottom  as  nearly  level  as  they  can ; they  then  sink 
a box  full  of  this  hard  mortar  broken  into  pieces,  till  it  comes 
within  a little  of  the  bottom  ; the  box  is  so  contrived  as  to  be 
overset  or  turned  upside  down  at  any  depth ; the  pieces  of 
mortar  now  soften,  and  so  fill  up  the  vacant  spaces  between 
the  stones ; by  these  means  they  sink  as  much  of  it  as  will  form 
a bed  of  about  13  laches  deep  all  o»er ; then  they  throw  it 
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another  bed  of  stone,  and  continue  alternately  to  throw  one  of 
mortar  and  one  of  stone,  till  the  work  approaches  the  surface 
of  the  water,  where  it  is  levelled,  and  then  the  rest  is  finished 
with  stones  in  the  usual  manner.  A coffer  containing  27  cubic 
feet  of  masonry  made  of  this  mortar,  and  sunk  into  the  sea, 
was  there  left  standing  for  two  months,  and  when  it  was  taken 
out  again,  it  was  harder  than  the  stone  itself. 

The  usual  way  in  which  the  foundations  of  Waterloo  Bridge, 
Southwark  Bridge,  and  Vauxhall  Bridge,  have  been  laid,  was 
by  driving  piles  of  Memel  logs,  14  or  15  inches  sonarc,  for 
the  construction  of  the  coffer,  which  was  cleared  ot  water  by 
means  of  pumps,  and  the  work  proceeded  much  in  the  same 
way  as  mentioned  above. 

Geometrical  Contirueliou  of  Bridget. — Bridges  constructed 
with  circular  or  elliptical  arches,  being  the  most  common,  we 
now  proceed  to  lay  down  a theory  for  their  construction, 
founded  on  philosophical  principles,  which,  by  oar  mode  of 
explanation,  will  be  understood  by  the  mechanic,  and  cannot 
be  unworthy  the  attention  of  the  man  of  science. 

All  bodies  in  the  earth  tend  to  the  centre  of  the  globe,  unless 
prevented  liy  some  force  that  resists  their  obedience  to  the 
universal  law  of  gravity,  and  changes  their  direction.  If  we 
attend  particularly  to  one  body,  having  all  its  parts  tending 
equally  to  the  centre  of  the  earth,  and  supported  in  that  posi- 
tion,  it  will  retain  Its  position.  If  we  suppose  another  body  to 
press  upon  it,  so  as  to  change  that  position,  which  it  has  on  its 
support,  or  force  away  its  support,  in  whole,  or  in  snch  part, 
that  a greater  part  of  the  body  has  a tendency  to  the  centre, 
more  than  it  has  to  its  support,  it  will  fall  towards  the  earth  in 
a direction  to  its  centre. 

Let  A B,  as  in  the  annexed  figure,  be  two  supports,  suppose 
one  foot  square,  6 feet  high,  or  any  other  height,  standing 
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perpendicularly,  and  let  a piece  of  the  same  dimensions,  wood 
or  stone,  F,  three  feet  in  length,  be  placed  across  in  equilibrio; 
the  perpendicular  support  is  not  pressed  by  this  weight,  but  in 
the  perpendicular  direction.  If  a second  piece,  of  5 feet,  is 
laid  upon  the  3 feet  piece,  in  the  same  way,  projecting  l foot 
on  each  side,  they  will  still  remain  in  equilibrio,  and  so  on  till 
the  two  bodies  upon  the  two  uprights  meet  one  another,  as  in 
the  figure,  the  planks  or  logs  D D meet  in  E,  without  affecting 
the  supports,  except  in  the  perpendicular  direction.  The 
equilibrium  being  preserved,  no  force  imposed  will  make  the 
supports  give  way,  that  will  not  separate  the  particles  of  mat- 
ter, or  break  its  contexture.  Neither  will  any  weight  push  it 
over,  that  is  not  greater  than  the  perpendicular  pressure ; for 
action  and  reaction  are  equal,  acting  in  contrary  directions. 
The  force  then  that  it  will  support  before  it  yield,  is  equal  to 
the  number  of  square  feet  that  rests  on  its  surface,  and  turns 
upon  the  angular  point  F.  Now,  suppose  this  operation  con- 
tinued the  whole  length  of  the  bridge,  and  the  whole  level 
blocks  in  contact  with  one  another,  received  by  the  abutments, 
or  landstools,  the  bridge  will  support  any  weight  that  the 
strength  of  those  blocks  could  sustain,  and  the  abutments 
react  upon.  This  is  the  genuine  Egyptian  arch,  not  elegant, 
but  strong,  as  each  block  is  supported  one  foot  distant,  and 
the  upper  ones  in  contact  with  one  another,  only  react  by  their 
own  strength,  at  one  foot  distant,  without  support ; and  by  the 
reaction  of  the  land  abutments  cannot  yield  to  give  any  lateral 
pressure  upon  the  pier. 
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Let  us  now  suppose  a semicircle  of  any  other  arch  described, 
the  superfluous  matter  is  carried  off,  and  the  arch  remains  in 
strength  and  beauty.  Now,  instead  of  balancing  the  blocks  by 
counterpoise  on  each  side  of  the  support,  let  this  be  taken  off, 
and  applied  as  weights  above  the  pier,  being  equal  in  weight 
to  those  that  form  tho  arch,  the  equilibrium  is  still  preserved, 
without  any  lateral  pressure.  This  may  he  illustrated  by  a 
very  simple  rxpci  imcnL  Let  A,  B,  C,  D,  in  tho  annexed  figure, 
be  four  blocks;  the  first,  A.  a square,  which  re- 
presents the  base;  if  the  second,  B,  a pentagon, 
inscribed  in  a circle  of  fhe  same  radius  about 
which  the  square  is  described,  be  placed  with  one 
of  its  angles  to  the  perpendicular  edge  of  tho 
square,  a perpendicular  falls  within  the  base,  and 
it  is  there  fore  firmly  supported.  Let  tho  hexa- 
gon, C,  be  placed  upon  one  of  the  sides  of  the 
pentagon,  the  two  angles  likewise  coinciding.  In 
this  the  perpendicular  falls  over  the  base;  it  will 
therefore  be  no  longer  firmly  supported,  but  will 
fall,  and.  if  attached  fo  the  pentagon,  would  carry  a part  of  it 
along  with  it,  except  prevented  by  friction,  and  consistency  of 
the  texture  of  materials.  In  this  situation  let  it  be  retained,  till  a 
pentagon  is  placed  on  tho  opposite  side  of  the  hexagon  ; the 
lumb  line,  or  perpendicular,  as  it  now  appears,  falls  within  the 
ase,  and  will  be  again  supported  so  as  to  carry  an  additional 
block  raised  upon  it,  or  require  a considerable  force  to  pull  it 
over  on  that  side,  to  which  the  hexagon  was  inclined  to  fall. 
The  conclusion  wc  would  draw  from  the  above,  is,  that  if  the 
column  or  pier  is  of  such  dimensions  at  top,  where  the  spring 
of  the  arch  rises,  that  a weight  of  snch  materials  as  the  arch  is 
composed  of  can  be  raised,  not  exceeding  the  height  of  the 
vertex  or  crown  uf  the  arch,  as  will  counterpoise  that  part  of 
the  arch  that  produces  the  lateral  pressure;  then  a pier  of  such 
dimensions  is  of  sufficient  strength  to  support  such  an  arch,  till 
Ihc  other  arches  are  thrown,  and  tho  whole  made  to  abut  upon 
columns  that  will  counterpoise  the  whole  with  any  incumbent 
weight  proposed. 

To  apply  the  arches  to  their  piers,  and  to  one  another,  they 
should  abut  upon  one  another,  as  in  the  following  figure. 


In  the  next  figure,  we  take  a semicircular  arch  of  76  feet 
span,  or  archstone  we  think  of  a sufficient  strength,  at  3 feet 
length ; our  pier  6 feet,  equal  to  the  two  arclistoncs.  As  every 
arch  ran  be  raised  to  a certain  height,  without  the  support  of 
the  centre  arch ; allowed,  to  the  30ih  degree,  or  one-third  of 
the  distance  to  the  crown  of  the  arch,  wc  have  divided  the 
quadrant  or  half  of  the  arch  into  cighty-three  equal  parts  ; 
and  where  more  than  half  of  the  archstone  falls  over  the  per- 
pendicular. we  consider  this  as  the  height,  not  to  be  exceeded 
without  support.  The  weight  of  matter  upon  the  pier  to  this 
height,  wc  compare  with  the  weight  of  matter  from  that  con- 
tained in  the  arehstones,  or  rather,  what  breadth  of  pier  will 
contain  a quantity  of  matter  that  will  counterpoise  the  weight 
of  the  archstones  of  an  arch  of  given  span,  and  length  of  arcb- 
atone*  to  the  crown  of  the  arch.  In  investigations  of  this  kind, 
recourse  is  bad  to  trigonometrical  calculations,  and  to  algebraic 
and  fluxionary  equations.  Foreign  writers  give  us  rules,  col- 
lected from  such  constructions  as  suited  their  taste ; and  most 
algebraic  and  fluxionary  equations  take  their  data  from  some 
bridge,  the  construction  of  which  pleases  the  writer,  and  brings 
his  result  agreeable  thereto. 

Let  us  consider  the  archstones  as  wedges  abutting  nponono 
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another,  and  the  whole  upon  the  landstool,  or  upon  the  pier  of 
the  particular  arch,  and  resisted  by  pressure,  which  may  be 
expressed  by  a line  placed  at  right  angles  to  an  archstonc,  at 
that  part  of  the  arch  which  rests  upon  the  centre  arch  ; but 
whose  length  is  not  yet  determined,  but  will  be  determined  in 
the  result  of  our  theory,  of  which  every  mechanic  is  aide  to 
udge ; and  which,  at  the  same  lime,  we  Hatter  ourselves  the 
tinned  will  not  find  cuusc  to  challenge. 


The  thickness  of  the  pier  we  have  taken  is,  A l>,  0 feet ; each 
division  of  the  arch  is  equal  to  2 feet  on  the  outside,  and  tends 
as  a wedge  to  the  centre  of  the  circle.  The  inside  measures 
1*8  feet,  the  mean  is  1*0  x 3;  the  length  of  the  stone  is  .V7 
of  surface:  we  suppose  it  taken  3 feet  into  the  arch,  or  it  is 
equal  to  17*1  solid  feet  in  each  of  our  divisions;  the  scale  is 
half  an  inch  to  10  feet.  The  solid  measure  on  the  whole  is 
easily  found ; the  3U°  is  at  a,  but  the  arch  will  rise  without  the 
support  of  the  centre  arch  to  e.  Now,  the  number  of  divisions 
from  a to  the  centre  of  the  arch,  is  22"2  : which  multiplied  by  17-1 
solid  feet  each,  is  370'62  solid  feet;  the  pier  of  0 feet  contains 
to  the  height,  a,  the  surface  A i da,  at  a mean,  taken  as  in  the 
table,  a is  72*7 6,  being  each  2 feet,  is  145'6  superficial  feet,  x 3, 
the  nssumrd  depth  is  430*6  solid  feet,  being  fully  in  equilibrium 
with  the  nrchs  tones;  but  ns  the  arch  will  rise  lo  e.  there  is  an 
additional  weight  of  220* 6 solid  feet,  which  will  he  allowed 
more  Ilian  a counterpoise  to  the  pressure  of  the  arch,  without 
any  aid  from  the  pier,  which  has  only  the  perpendicular  pres- 
sure to  support.  Hy  this,  therefore,  is  ascertained,  the  coun- 
terpoise w hich  will  suppnrt  this  arch  until  the  other  arches  arc 
raised  ; which,  as  they  oil  abut  upon  one  another,  the  land- 
stool  must  be  made  of  such  strength  ns  to  counterpoise  the 
whole.  This  is  ascertained  upon  the  same  principle,  and 
leave*  no  stress  upon  the  piers,  but  the  perpendicular  pressure 
alone.  This  pier  is  scarce  one-twelfth  part  of  the  opening,  by 
which,  the  river  hating  so  free  a passage,  will  affect  the  bridge 
by  pressure  but  very  little.  The  almvo  figure  is  a perspective 
view  of  one  arch  of  a bridge,  on  this  construction,  with  part  of 
an  adjoining  arch  ou  each  side. 

llut  the  piers  must  be  made  of  greater  breadth,  when  the 
situation  of  the  river,  or  other  circumstances,  or  when  a seg- 
ment of  a circle  is  made  choice  of  for  the  ease  of  the  passage, 
or  when  economy  in  the  use  of  materials  and  mason-work  are 
considered ; or  the  base  of  »he  arch,  or  the  surface  of  the  pier, 
will  uot  admit  of  mason-work  to  bear  upon  the  spring  of  the 
arch,  of  such  weight  as  to  produce  a sufficient  counterpoise  to 
the  arclisioncs  that  produce  the  lateral  pressure.  If  the  arch 
is  flatter  than  that  now  under  consideration,  the  pier  ought  to 
be  broader ; and  this  is  ascnrlnincd  in  projecting  the  plan. 
At  the  same  time,  as  the  fall  and  destruction  of  an  arch  is 
attcndeil  with  very  great  loss  in  money,  time,  and  materials, 
by  way  of  precaution,  beams  may  he  made  to  abut  upon  one 
another,  and  upon  each  pier;  and  this  will  he  no  loss  of  lime 
or  materials  cither,  as  it  will  supply,  in  part,  the  support  of  the 
centre  arches,  upon  which  the  arch  of  the  bridge  is  raised  ; and 
it  is  a precaution  used,  upon  a smaller  scale,  when,  in  front 
walls  of  houses,  the  whole  is  often  supported  upon  arcades 
of  shop  doors  and  windows,  many  of  their  piers  not  ex- 
ceeding 0 or  10  inches:  a cross  bar,  or  piece  of  wood  laid 
across,  to  prevent  their  yielding  or  losing  the  perpendicular, 
till  the  whole  is  completed.  Now,  the  pressure  upon  the  arch 
is  not  so  great  as  most  writers  have  assigned,  that  is,  to  the 
whole  incumbent  weight  of  all  the  materials  aboro  it,  together 
with  that  of  passage.  The  art  of  masonry  is  such,  that  the 
beds  or  row  s of  stones  arc  so  bound  one  with  another,  that 


each  makes  a pressure  on  its  contiguous  part,  so  as  to  form  au 
arch  of  themselves.  We  see  in  well-built  walls  a vast  excava- 
tion made  in  the  lower  part,  or  In  the  middle  of  tho  wall,  and 
the  upper  part  of  the  building  not  affected.  In  like  manner, 
the  arc  hes  being  all  raised  to  the  height  that  they  can  be, 
without  the  support  of  the  centre  arch,  they  are  completed  and 
filled  up  to  the  level  of  the  keystone,  bat  not  higher.  The 
arch  is  properly  secured,  if  the  principles  of  equilibration,  in 
filling  up,  aro  properly  attended  to ; but  if  one  side  is  over- 
loaded, either  in  filling  up  or  in  building,  it  mast  twist  the 
arch,  and,  if  not  instantly  to  break  it,  must  tend  to  an  uncer- 
tainty as  to  its  durability. 

Among  the  various  writers  upon  bridges,  some  prefer  the 
circular  arch,  both  for  strength  and  elegance.  Others  contend, 
that  it  is  exceeded  in  both  by  the  elliptic  arch.  Others  will 
give  the  preference  to  tho  catenarian  arch  ; and  we  are  told, 
that  the  excellency  lies  on  the  side  of  the  parabolic  curve. 
We  do  not  think  it  ineurobent  on  us  to  combat  each  of  these  ; 
neither  do  we  think  our  readers  would  thank  us  for  so  doing. 
It  may,  however,  be  expected,  that  we  should  not  pass  them 
entirely  unnoticed. 

In  the  first  place,  then,  we  are  of  opinion,  that  the  arch  that 
hears  most  equally  throughout  the  whole,  one  part  upon 
another,  has  the  best  claim  to  strength.  Our  reason  is,  which 
we  illustrate  thus,  let  All,  AC,  be  plaocd  as  in  the  annexed 
figure.  Suppose  a weight,  placed 
upon  them  in  such  a manner  as 
to  press  eaually  upon  the  point 
A,  the  two  bodies  A B,  A C,  will 
in  that  point  support  the  great- 
est weight.  If  the  same  weight 
is  laid  in  the  middle,  between  A 
and  C,  or  A and  B,  they  will 
each  yield  to  the  pressure;  for 
the  weight  is  not  equally  di- 
vided between  them.  But  if 
these  bodies  are  so  placed,  that 
in  every  position  on  which  a 
weight  can  be  applied  to  them, 
the  weight  shall  be  equally  sup- 
posed by  both,  we  should  give  this  form  the  preference  as  to 
strength;  and  this  is  the  case  with  the  circle.  As  to  elegance, 
wc  know  that  regularity  is  a qualification  that  suits  every 
taste ; and  here  the  circle  cannot  be  outvied.  It  is  not,  how- 
ever, without  its  disadvantages;  for  with  regard  to  expediency, 
the  semicircular  arch  is  sometimes  too  high  for  the  situation  of 
some  bridges.  In  this  case,  the  elliptic  arch,  formed  upon  the 
greater  axis,  offers  itself,  in  point  of  expediency,  and  yields 
not  in  point  of  elegance.  We  are  boldenough-to  assert,  that  if 
strength  of  materials  forms  Its  composition,  and  be  properly 
abntted,  it  will  not  yield,  in  point  of  strength,  in  any  exigence 
to  which  it  may  be  applied.  In  point  of  economy,  it  claims  a 
preference  to  the  semicircular  arch. 

For  our  part,  we  are  inclined  to  own  the  reasonableness  of 
its  claim,  and  to  give  it  the  preference  to  the  segment  of  a 
circle,  which  might  perhaps  be  preferred  in  point  of  expedi- 
ency, as  it  can  be  rendered  as  flat  as  the  ellipse ; but  its  flat- 
ness we  rather  consider  as  a disadvantage,  as  in  the  rise  of  the 
water  it  is  apt  to  choke  its  coarse,  and  overturn  it ; whereas, 
the  ellipse  being  nearly  formed  of  two  segments  of  circles  of 
different  radii,  the  smaller  arches  at  its  extremity  raise  more  in 
the  perpendicular,  and  give  more  scope  to  the  current  of  the 
water ; and  likewise,  it  does  not  require  a stronger  pier  than  a 
semicircle  of  the  same  diameter.  The  segment,  on  the  other 
hand,  if  (tat,  requires  a stronger  pier,  and  therefore  tends  more 
to  choke  the  current  of  the  river,  which  ought  always  to  be 
avoided  when  it  can  be  done.  * 

In  the  catenarian  arch,  when  a chain  or  rope  is  fixod  at  eac) 
end,  and  allowed  to  fall  down  in  the  middle,  the  curvature  ia 
not  equal  throughout ; and  we  therefore  cannot  think  it  entitled 
to  equal  claim  with  the  circle  or  ellipse.  The  same  objection 
may,  with  equal  propriety,  be  made  to  the  parabola.  This 
curve,  near  its  vertex,  has  almost  the  property  of  a circle ; but 
every  one  wbo  knows  a parabola,  is  convinced  how  much  it 
deviates  from  it  afterwards,  although  every  where  it  retains 
the  property  of  its  own  curve. 
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We  now  take  a review  of  the  different  bridges  we  have  men* 
tioned,  and  make  some  observations  upon  them.  In  general, 
we  remark,  that  ail  the  writers  upon  this  art  have  formed  the 
abutments  of  each  particular  arch,  to  be  placed  in  the  pier 
below  the  spring  of  the  arch ; on  which  account,  many  have 
constructed  their  piers  of  greater  strength  than  necessary  ; as 
in  that  by  the  Roman  emperor  Trajan,  over  the  Panubc;  but 
being  broken  down  by  his  successor,  to  impede  the  passage  of 
his  invaders,  we  cannot,  with  certainty,  compute  the  lateral 
pressure  upon  the  piers. 

According  to  the  rules  given  by  Belidor,  the  breadth  of  the 
pier  that  will  form  an  abutment  to  an  arch  of  76  feet  span,  is 
14  feet,  if  the  height  at  the  head  of  the  columns  be  6 feet.  We 
have  formerly  stated,  that  this  urcli  can  be  raised  to  e , as  in 
the  following  figure,  without  applying  the  centre  arch.  From 


the  centre  of  this  archstone  we  raised  a perpendicular  pg . nnd  I 
from  the  lower  part  of  the  archslone  drew  the  line  fb  parallel 
to  it;  this  line,/ bt  we  supposed  to  cut  the  centre  of  the  pier  ' 
in  A.  Suppose  Belidor  allowed  a part  of  the  pier  equal  to  I 
the  length  of  the  archslone,  which  we  have  in  this  figure  taken 
at  3 feet,  onc-twenty-fourth  of  the  opening  nearly,  »iz.  A A, 
A A,  w ould  be  allow  ed  for  the  perpendicular  support  of  the 
archstones  toe.  We  find  A g measures  five  and  a half  feet,  we 
therefore  extend  kg  to  /,  which  is  1 1 feet,  and  A / 14  feel,  for 
the  breadth  of  the  piers.  In  place  of  taking  the  n bole  width  of 
the  bridge,  wc  take  only  3 feet,  as  formerly.  The  number  of 
equal  divisions  from  e to  the  vertex,  or  middle  of  the  keystone, 
is  201  ; each  of  the  equal  divisions  at  these  breadths  contains 
17*1  solid  feet ; as  by  our  former  measure,  which  multiplied  by 
20J,  is  350  66  solid  feet.  The  pier,  14  feet  broad  by  C in 
height,  and  3 feet  deep,  is  262  solid  feet : the  solid  building, 
cfbt h,  being  supported  in  the  perpendicular,  he  considers  as 
a part  of  his  abutment,  of  which  fb  measures  26  feet,  by  c/3, 
and  bv  3 in  depth,  is  234  *+•  252  = 486  solid  feet,  to  counter- 
poise 360*66  solid  feet,  which  is  amply  sufficient  Suppose 
that  the  pier  is  13  feet  at  the  above  height  it  contains  234  feet, 
4-  234  as  before,  “ 468  feet  which,  to  account  for  accidents, 
and  from  his  practice  and  observation,  gives  the  dimensions  of 
the  table  rule,  which,  we  suppose,  is  now  fully  accounted  for. 
If  the  height  of  the  pier  is  more  thAn  6 feet,  we  add  to  tho 
breadth  of  his  pier  in  proportion.  When  the  span  is  above 
80  feet,  one-sixth  of  the  opening  is  sufficient  in  strength  to 
resist  every  exigence  ; but  if  the  arch  is  a segment,  the  same 
rule  gives  the  breadth  of  the  pier  rather  more  than  14  feet 
Belidor  confines  his  rule  to  the  semicircular  arches.  We 
have  already  mentioned  what  we  think  a proper  limitation  to 
liia  rule  for  taking  the  24tb  part  of  the  arch  for  the  length  of 
his  archstone. 

London  Old  Bridge,  executed  in  stone,  under  the  direction 
of  Peter  Colcchurcb,  a priest;  was  thirty-three  years  in  building, 
being  begun  by  Henry  II,  in  1176,  and  finished  by  John  in 
1209.  The  piers,  eighteen  in  number,  are  from  25  to  34  feet 
thick.  Peter  turned  the  course  of  the  Thames  through  South- 
wark,  while  he  executed  an  undertaking  that  choked  up  the 
course  of  the  river,  from  900  to  194  feet ; but  as  this  objection 
is  about  to  be  removed,  we  need  say  no  more  about  it 

Westminster  Bridge,  an  elegant  and  noble  fabric,  has  its  pier 
only  8 feet  from  the  bed  of  the  river.  The  thickness,  for  a suffi- 
cient counterpoise  to  the  arch,  could  not  exceed  14  feet;  bat 


lately,  the  architect  has  given  it  17.  The  arches  are  semicircu- 
lar, the  middle  one  bciug  78  feet  span  ; tho  ascent  one-twen- 
tieth part  of  the  balf-width  of  the  river,  which  is  here  1223 
feet,  one  half  is  021*15,  and  tho  rise  is  30}  feet  in  that  extent. 

The  next  we  notice,  is  Blackfriar’s,  as  in  the  following  figure, 
executed  by  Mylne,  whose  ingenuity  and  ability  as  an  engi- 
neer are  universally  acknowledged.  The  middle  areh  is  au 
elliptic  span  of  100  feet,  by  which,  with  other  advantages,  the 
passage  is  rendered  more  commodious  ; the  ascent  more  easy 
than  on  Westminster  Bridge.  The  quickness  of  the  rise  of  tho 
arches  of  the  small  circles,  with  the  flatness  of  the  large  circle, 
are  particularly  well  adapted  to  give  a more  easy  passage  to 


the  river,  when  rising  either  from  a tide  or  other  accidental 
causes,  and  renders  the  choice  or  the  elliptic  arch  here  very  judi- 
cious. We  are  likewise  much  pleased  with  the  ingenuity  of 
the  inverted  arch,  which  effectually  prevents  any  rising  of 
the  ruble  work  that  fills  the  interstices  between  the  arches  by 
any  pressure  whatever;  us  it  abuts  upon  the  arrhstooes  at  1$, 
it  presses  their  joints  upon  one  another,  in  a more  effectual  man- 
ner than  perhaps  could  be  accomplished  by  any  other  method  ; 
but  the  effect  produced  by  it,  and  in  which  we  think  its  excel- 
lency mostly  consists,  is,  that  it  makes  tbe  arches,  at  that  point 
where  they  produce  the  greatest  lateral  pressure,  to  abut  upon 
one  another,  and  thus  take  off  the  lateral  pressure  from  the 
icr.  Had  Mylne  availed  himself  of  Ibis,  his  pier  would  have 
ecn  at  least  one  half  thinner.  But  in  place  of  this,  he  has 
made  it  at  the  extremity  of  the  greater  axis,  A a,  BA,  19  feet, 
and  increased  it  in  a circular  form  to  22  feet.  Experience  has 
roved,  that  when  the  resisting  force  is  placed  in  the  pier,  o ne- 
tt h of  the  opening  is  more  than  sufficient  for  supporting  this 
resisting  force;  therefore  the  course  of  tbe  river  should  not 
have  been  contracted  from  100  to  70  feet.  ; 

The  depth  of  the  water,  at  ordinary  ti^s,  is  not  less  than  16 
feet;  and  by  tbo  principles  of  hydrostaflre,  the  pressing  forpe 
of  a solid  foot  of  water,  at  that  depth,  is  eqaal  to  8500  lbs. 
w hich  x 30,  the  number  of  feet  contracted,  gives  1 13*8  tons  upon 
tbe  foundation  of  his  pier,  far  more  than  was  necessary ; but 
this  does  not  at  all  derogate  from  the  method. 

In  our  drawing  of  the  middle  arch,  and  part  of  the  adjoin- 
ing arches,  A 11  is  the  length  of  the  greater  axis  of  the  ellipse, 
and  span  of  the  arch  100  feet ;/,/,  the  centres  of  the  lesser  cir- 
cles ; D D,  the  inverted  arches  abutting  upon  the  archstones 
EE;  V,  the  vertex  or  crown  of  tbe  arch  ; F F,  the  thickness  of 
the  pier  at  the  bed  of  the  river;  A a,  B A,  the  thickness  of  tho 
ier  at  the  extremity  of  the  greater  axis.  We  have  put  on  tho 
citing  in  one  of  the  arches,  one  with  tbe  Kentish  rag-stone ; 
the  bolts  about  a cubical  foot,  sunk  half  way  into  each  stone  ; 
the  stones  in  the  pier  are  bolted  with  firm  oak,  of  a solid  foot, 
dove-tailed  into  each  stone,  which  renders  tbe  whole  pier  f.nw 
as  if  one  stone. 

What  has  been  said  on  the  breadth  of  piers,  renders  any* 
observations  on  the  bridge  over  the  Trent  at  Burton,  or  the 
single  arch  over  the  Tave,  in  Glamorganshire,  unnecessary  ; the 
abutments  of  the  last  being  on  land,  the  method  of  obtaining 
their  strength  will  be  pointed  out  when  we  speak  of  the  abat- 
incuts  of  iron  bridges,  of  which  there  are  now  several  in 
England. 

The  first  was  that  erected  over  the  8evcm,  near  Coalbrook- 
dale,  in  Shropshire,  by  Abraham  Dariev  ; tbe  iron  work  was 
cast  at  Coalbrookdalc  in  1779,  and  consists  of  one  arch  or  109 
feet  6 inches  span.  It  rises  to  the  height  of  46  feet,  and  con- 
sists of  ribs,  each  cast  in  two  pieces,  secured  at  the  crown  by 
a cast  iron  key  plate,  and  connected  horizontally  and  vertically 
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by  cast  iron  bracks  formed  with  dove-tails  and  forelocks ; the 
nbs  are  covered  with  cast  iron  plates  : the  railing  is  of  iron  : 
the  weight  of  tbe  whole  is  387}  tons.  The  ironwork  was  exe- 
cuted by  Messrs.  Wilkinson  and  Parley,  ironmasters;  for  which 
they  have  great  credit,  being  the  first  instance  of  that  material 
applied  in  tbe  bridge  way.  In  1801  it  appeared  as  perfect  as 
when  pot  up,  except  wbat  was  owing  to  tbe  failure  in  the  stone 
abutments,  which  bad  occasioned  some  cracks  in  some  of  the 
small  pieces. 

The  second  bridge  of  this  kind,  built  over  the  same  river  at 
Ouiltwfts,  at  the  expense  of  the  county  of  Salop,  was  agreeably 
to  a plan  under  the  direction  of  Mr.  Telford,  surveyor  of  tbe 
ublic  works  in  that  county  : the  iron  work  was  cast  at  Coal- 
r cio k dale  in  1786  and  1796.  It  consists  of  an  arch  of  190  feet 
span ; the  rise  of  the  arch  is  *7  feel  from  the  spring  to  the 
auffit.  Tbe  situation  of  tbe  road  here  is  necessary  to  be  kept 
low ; and  the  outside  ribs  rise  as  high  as  the  tops  of  the  rail- 
ing, and  are  connected  with  tbe  ribs  that  bear  the  covering 
plates,  by  bars  of  iron  cast  with  deep  stanches  close  to  each 
other,  and  forming  an  arch  of  themselves ; so  that  the  bridge  is 
made,  upon  tbe  whole,  compact  and  firm:  the  weight  of  the 
whole  is  173  tons  181  cwl.  Some  smaller  arohes,  and  an  aque- 
duct at  Longdon,  have  been  made  under  Mr.  Telford’s  direc- 
tion in  the  same  county. 

The  next,  upon  a large  scale,  and  made  of  iron,  is  that  over 
the  river  Wear,  at  Monk-Wearroootb,  in  tbe  connty  of  Dur- 
ham. This  bridge,  as  represented  in  the  following  figure,  is  the 
segment  of  a circle,  whose  radius  is  443  or  444  feet ; tbe  span 
of  the  arch,  or  length  of  the  bridge,  is  236  feet ; the  height  of 
its  vertex  above  the  spring  of  the  arch  is  34  feet ; and  height 
above  the  surface  of  the  water  60  feet ; so  that  vessels  of  con- 
siderable burden  may  pass  below  it  without  interruption.  The 
width  of  the  bridge,  or  breadth  of  the  roadway,  is  32  feet : it  is 


formed  of  six  ribs,  placed  above  five  feet  distant  from  one 
another ; each  rib  consists  of  125  blocks  of  cast  iron,  five  feet 
in  height,  and  two  feet  broad  at  the  middle.  The  lines  drawn 
from  this  to  the  centre  of  the  curvature,  determine  the  length  of 
the  block  above  and  below ; and  a circle  described  with  the 
radius  of  curvature,  gives  the  convexity  of  the  upper  part  of 
the  block,  and  the  concavity  in  the  lower,  agreeable  to  tbe 
curvature  of  the  whole  arch  of  the  bridge. 

In  each  of  tbe  three  longitudinary  parts  of  the  block,  there  is 
u square  groove  one  inch  deep,  into  which  is  fitted  a bar  of 
wrought  iron  of  tbe  same  dimension  with  tbe  groove ; and  by 


this  means  the  blocks  are  joined  together  to  form  the  ribs, 
These  ribs  are  connected  laterally  by  a hollow  bar  of  cast  iron, 
about  4 inches  diameter,  and  & feet  long,  with  flaoches  through 
which  iron  bolts  are  made  to  pass  it,  and  the  sides  of  the  ribs 
fixed  with  screws  or  forelocks  ; two  of  the  flocks  are  joined 
by  the  bars  of  wrought  iron,  and  coonccted  with  a bar  of  another 
rib,  by  tbe  iron  boliow  bar.  All  the  ribs  joined  together,  and 
connected  in  the  same  manner,  to  complete  the  arch  of  the 
bridge.  To  support  tbe  beams  that  form  the  roadway,  circular 
pieces  are  formed  of  cast  iron,  to  abut  upon  one  another  at 
tbeir  horizontal  diameter,  the  beams  that  form  the  roadway 
resting  upon  tbe  circular  pieces  at  the  vertical  diameter,  which 
gives  a firmness  to  these  supports,  that  no  weight  coming  upon 
the  bridge  can  injure.  Tbe  beams  or  planks  aro  then  covered 
with  plates  of  iron,  and  such  materials  as  are  best  adapted  to 
form  the  road,  and  prevent  water  passing  through  to  injure  the 
bridge. 

We  have  only  to  add,  that  this  bridge  was  constructed  under 
the  direction,  and  chiefly  at  tho  expense,  of  Rowland  Burdon, 
Esq.  then  M.  P.  for  tbe  county.  It  was  cast  at  the  foundry  of 
Messrs.  Walker,  of  Rotherham,  in  Yorkshire,  and  does  honour 
to  the  projector  and  ironmasters.  It  is  nearly  doable  the  span 
of  that  at  Builtwaa,  and  more  than  double  tbe  middle  arch  of 
Blaokfriar’s  Bridge. 

Our  only  doubt  of  tbe  durability  of  iron  bridges  is,  that  tbe 
water,  being  blown  in  by  storms,  rests  on  tbe  fiats  of  the  iroe, 
and  tends  to  corrode  it,  and  waste  its  parts.  The  union  of 
east  and  wrought  iron  certainly  produces  a larger  quantity  of 
oxide  or  rast,  than  if  all  is  cast,  or  all  wrought  iron.  Perhaps, 
if  between  these  thin  plates  of  lead  were  placed,  the  two 
pieces  might  have  their  joints  closed,  by  abutting  upon  the  lead, 
anil  the  same  precaution  being  taken  with  tbe  wrought  iron, 
where  Inserted  into  tbe  grooves  of  tbe  cast  metal,  tbe  water 
would  be  prevented  from  entering,  or  settling  in  the  interstice. 

Bangor  Ferry  Iron  Hinging  Bridge.  (See  Plate,  fig.  I.)— 
The  iron  hanging  bridge,  constructed  over  the  Mcnai  Strait,  by 
Mr.  Telford,  consist!  of  one  opening  of  660  feet  between  the 
points  of  suspension,  and  100  feet  in  height  between  tbe  high- 
water  line  and  the  lower  side  of  the  roadway  ; and  tbe  road- 
way being  horizontal,  this  height  is  uninterrupted  for  the  whole 
660  feet,  except  where  the  natural  rock,  which  forms  the  west- 
ern abutment,  now  interposes.  Bat  in  addition  to  these  660 
feet,  there  are  four  arches  on  tbe  western  and  three  on  tbe 
eastern  side  of  the  main  opening,  each  fifty  feet  span,  making 
in  all  860  feet,  as  in  the  plate,  fig  2. 

In  regard  to  the  navigation,  it  is  preferable  to  any  bridge 
of  an  arched  form,  because  the  latter  affords  tbe  full  height  of 
100  feet  only  in  tbe  middte ; whereas  the  former  affords  the 
same  full  height  for  tbe  whole  of  500  feet,  which  Is  a consider- 
able advantage  to  vessels  passing  the  Menai  Strait,  as  it  allows 
them  to  stand  closer  to  either  shore  while  passing  under  the 
bridge.  In  regard  to  economy,  this  bridge,  on  the  principle  of 
suspension,  has  equally  the  advantage,  the  estimated  expense 
not  being  more  than  £70,000:  whereas  the  cheapest  of  the 
arched  form,  made  of  cost  iron,  would  have  cast  nearly  double 
that  sum. 

The  roadway  (Plate,  fig.  3,)  consists  of  two  carriageways, 
each  12  feet  In  breadth,  with  a footpath  of  4 feet  between  them, 
so  that  the  platform  will  be  about  30  feet  in  breadth.  The 
whole  is  to  be  suspended  from  four  lines  of  strong  iron  cables 
by  perpendicular  iron  rods,  placed  S feet  apart,  and  these  rods 
will  support  tbe  roadway  framing.  Tbe  suspending  power  is  cal- 
culated at  2016  tons,  and  the  weight  to  be  suspended,  exclusive 
of  the  cables,  is  342  tons,  leaving  a disposable  power  of  1674 
tons.  The  four  sides  of  the  roadways,  made  of  framed  iron- 
work, are  firmly  bound  together  for  7 feet  in  height,  and  there 
will  be  similar  work,  for  6 feet  in  depth  below  the  cables.  The 
weight  of  tbe  whole  bridge,  between  the  points  of  suspension, 
is  489  tons. 

It  is  calculated  that  tbe  contraction  and  expansion  of  the 
iron  cables  may  occasion  a rise  or  fall  to  tbe  extent  of  four  or 
five  inches  ; but  tho  variations  of  tbe  temperature  of  tbe 
atmosphere  will  not  derange  the  bridge. 

Tho  two  piers  are  60  feet  by  42  and  a half  wide,  at  high- 
water  mark,  having  a foundation  of  rock.  These  piers,  con- 
nected with  the  whole  of  the  masonry,  form  a mass  constructed 
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with  blocks  of  hard  limestone,  of  much  greater  weight  than  is 
necessary  for  supporting  a bridge  of  this  kind.  Upon  the 
summit  of  the  two  main  piers  is  erected  a frame  of  east  iron,  of 
a pyramidal  form,  for  the  purpose  of  raising  the  cables  from 
which  the  bridge  is  suspended.  As  the  cables  are  carried  from 
the  top  of  tbe  pyramids,  so  as  to  form  nearly  similar  angles  on 
each  side,  the  pressure  is  almost  perpendicular. 

Along  each  liuc  there  arc  four  cables,  milking  in  the  whole 
sixteen  ; these  cables  pass  over  rollers  fixed  on  the  summits  of 
the  pyramids,  and  are  fastened  at  their  extremities  to  an  iron 
frame,  lying  horizontally  over  the  top  of  the  small  arches,  and 
under  a mass  of  masonry. 

From  these  cables  the  roadw  ay  is  suspended  by  vertical  iron 
rods,  connected  at  their  lower  extremities  with  w rouglit-iron 
bars,  both  transversely  and  longitudinally,  thus  forming  a frame 
on  which  timber  is  laid  for  the  roadway.  The  distance  of  live 
feet  is  kept  between  the  rods,  that  the  suspending  power  may 
be  equally  distributed  throughout  the  whole  length  of  the 
bridge.  The  suspending  rods  pass  between  the  cables,  and 
depend  upon  each  two  of  them,  so  that  the  general  strength  of 
the  bridge  could  not  materially  be  affected  by  taking  one  way. 
The  cables  and  the  flooring,  as  well  as  the  suspending  rods,  are 
constructed  and  united  in  such  a manner,  that  each  of  the  parts 
may  be  taken  out  and  replaced  separately  ; so  that  there  can 
be  no  difficulty  in  repairing  any  part  of  the  bridge,  whenever 
required.  A temporary  w ire-bridge  was  made  from  one  abut- 
ment to  the  other,  to  carry  over  the  cables,  and  arrange  the 
several  parts  of  the  bridge,  white  building. 

The  weight  of  each  separate  cable  between  tbe  points  of 
suspension  is  estimated  at  nine  tons  and  three-quarters,  or  117 
pounds  per  yard.  The  weight  of  a drove  of  oxen  is  calculated 
at  about  3U0  tons,  supposing  them  to  amount  In  200  head,  all 
closely  huddled  together;  and  the  estimated  weight  necessary 
to  tear  the  cables  asunder  is  upwards  of  2000  tuns,  which  is 
about  four  times  the  weight  of  the  entire  bridge.  The  passing 
of  a mail-coach  over  the  bridge  produces  no  undulation,  or  sen- 
sible perpendicular  vibration ; nor  is  any  lateral  vibration 
apprehended  from  the  most  violent  gale  oi  wind,  by  reason  of 
the  proportion  that  the  breadth  of  the  bridge  bears  as  a frame 
to  its  extreme  length.  The  bars,  as  well  as  the  segments,  arc 
each  joined  longitudinally  to  the  whole  of  the  required  length 
and  secured  by  bucklings  every  five  feet,  and  then  enveloped 
in  flannel,  well  saturated  with  a composition  of  rosin  and  bees- 
wax, to  preserve  them  from  the  weather,  and  the  whole  arc 
enrirclcd  with  iron  wire. — All  these  details  will  be  clearly 
understood  by  reference  to  the  engraving  that  exhibits  the 
passage  upon  the  bridge. 

The  Strand  or  Waterloo  Bridge.  (Sec  Plate,  Bridget.) — This 
bridge,  which  is  now  called  •'  Waterloo  Bridge,”  but  which  was, 
till  within  some  few  months  of  its  completion,  styled  “ the 
Strand  Bridge,”  is  a noble  ornament  of  the  metropolis.  The 
view'  of  the  Surrey  hills,  and  the  fine  expanse  of  couutry  that  it 
opens  from  the  Strand,  is  both  delightful  and  surprising;  and 
the  effect  is  not  a little  increased  by  (he  continuity  of  houses 
that  every  where  affects  the  passenger’s  eye,  in  passing  along 
the  Strand,  till  he  comes  to  the  grand  entrance,  leading  to 
Waterloo  Bridge.  For  upwards  of  a century,  a bridge  at  this 
particular  part  of  the  river  had  been  frequently  suggested;  but 
all  the  merit  of  the  achcmc,  and  the  influence  of  the  Bedford 
family,  whose  property  would  be  so  much  improved  by  the 
adoption  of  the  plan,  did  not  enable  it  to  resist  opposition  from 
the  city  of  London,  8cc.  in  former  periods.  It  remained  for 
George  Dodd,  an  enterprising  and  young  civil  engineer,  after 
three  years*  unprecedented  turmoH,  to  get  an  act  of  parliament 
for  a bridge  at  this  station;  end  this  was  not  done  till  subscrip- 
tions to  the  amount  of  £500,000  had  been  raised.  This  was  in 
IflOG.  Mr.  Dodd  succeeded  in  removing  the  impracticabilities, 
which  had  before  prevented  the  scheme  of  building  a bridge 
across  this  portion  of  the  river  from  being  carried  into  effect ; 
and  he  gave  the  present  plan  and  dimensions  of  tbe  bridge. 

Some  time  after  the  act  had  been  obtained,  and  the  com- 
mencement of  the  building,  Mr.  Dodd  disagreed  with  tbe  con- 

Iiany,  and  separated  from  them,  and  the  late  Mr.  Rennie  fol- 
owed  ; and  he  had  the  honour  of  finishing  this  noble  bridge, 
which  is  different  from  all  the  other  bridges.  All  its  arches, 
which  are  elliptical,  arc  of  an  equal  size  ; and  the  road  across 
15. 


the  bridge  is  thus  made  a level  road.  Tbe  style  of  its  archi- 
tecture. is  plain;  the  effect  noble,  from  its  simple  grandeur ; 
and  the  materials  are  of  the  most  durable  kind,  namely,  of 
granite.  It  was  built  with  amazing  rapidity,  and  the  ceremony 
of  opening  it  took  place  June  18.  1817,  the  anniversary  of  the 
battle  of  Waterloo.  The  ceremony  w as  of  a splendid  character, 
tbe  Prince  Urgent  and  the  Duke  of  Wellington  being  present 
on  the  occasion. 

The  following  arc  the'dirnensions  of  the  bridge: — 


The  length  of  the  stone  bridge  within  the  abutments,  1*212  ft. 
Length  of  the  road  supported  on  brick  arches  on 

the  Surrey  side  of  the  river, 1 250 

Length  of  the  road  supported  on  brick  arches  on  the 

London  side, 400 

Total  length  from  the  Strand,  where  the  building 
begins,  to  the  spot  in  Lambeth,  where  it  falls  to 

the  level  of  the  road 9890 

Width  of  the  bridge  within  the  balustrades 42 

Width  of  the  pavement  or  footway  on  each  side,  . . 7 

Width  of  road  for  horses  and  carriages, 28 

Span  of  each  arch 120 

Thickness  of  each  pier, 20 

Clear  waterway  under  tbe  uine  arches,  which  arc 

equal, 1080 

Number  of  brick  arches  on  the  Surrey  side, 40 

The  whole  of  the  outside  courses  of  the  bridge  is  Cornish 


granite,  except  the  balustrades,  which  are  of  Aberdeen  granite  ; 
and  the  stones,  like  those  of  the  Temple  of  Solomon,  were  cut 
to  their  respective  forms  at  the  quarries,  before  they  were 
brought  to  London. 

There  are  320  piles  driven  into  the  bed  of  the  river  under 
each  pier.  The  length  of  each  pile  is  from  ip  to  22  feet,  and  the 
diameter  about  13  inches.  There  is  one  pile  to  every  yard 
square. 

The  scientific  manner  in  which  the  centres  were  constructed 
was  admirable  ; and  a*  all  the  arches  are  of  tbe  same  size,  tbe 
centres  were  removed  from  those  that  were  finished,  and  placed 
on  tbo  piers  where  tho  arches  were  not  yet  thrown  : this  was 
an  operation  that  required  great  skill  and  care,  and  was  very 
ably  executed. 

When  the  centres  were  removed,  so  solidly  and  well  was  the 
masonry  constructed,  that  in  the  middle  they  only  sunk  about 
one  inch.  Those  of  the  Font  de  Ncoillj,  in  France,  six  miles 
from  1’aris,  which  are  nearly  similar,  sunk  about  18  inches  in 
the  middle,  after  tho  centres  were  taken  away.  Tho  scientific 
principle  on  which  the  centres  were  constructed,  which  did 
great  credit  to  Mr.  Itcnuic  the  engineer,  was  that  of  the  longi- 
tudinal incompressibility  of  timber.  The  strongest  and  largest 
beams  of  wood  bend  and  yield  when  pressed  upon  laterally; 
and  by  that  means  the  form  of  a centre,  constructed  in  the 
usual  manner,  is  different  when  loaded,  from  what  it  is  when 
not  loaded ; but  as  no  weight  that  men  are  acquainted  with, 
when  acting  gradually,  will  shorten  the  leogth  of  a beam.it  was 
so  contrived  that  the  pressure  acted  always  longitudinally  or 
lengthwise,  and  not  laterally  or  sidewise  ; so  that  those  centres 
remained  in  form  unchangeable,  as  much  as  if  they  had  only 
one  solid  mass  of  matter,  the  two  extreme  points  resting  on  the 
firm  and  well-constructed  piers. 

In  circular  arches,  such  as  those  of  Westminster,  or  othor 
bridges,  the  pressure  on  tbe  centres,  before  the  keystones  are 
put  in  their  place,  is  not  uear  so  good  as  in  elliptical  arches,  like 
those  «f  Waterloo. 

The  four  toll-lodges  are  neat  appropriate  Doric  strnctnrei. 
There  is  a clever  contrivance  at  each  lodge,  for  the  purpose  of 
checking.  The  kind  of  iron  turnstiles,  which  admit  of  only  ono 
person  passing  at  a time,  touch  some  machinery  which  com- 
municates with  a clock,  locked  np  in  a box  in  each  toll-house, 
tbe  index  of  which  is  thereby  moved',  so  that  on  looking  at  it, 
the  number  of  those  w ho  have  passed  is  directly  seen. 

The  bridge  was  only  six  years  in  building.  It  is  exactly  on 
a level  with  the  Strand,  w here  it  joins,  and  is  50  feet  above  the 
surface  of  the  water  of  the  river  Thames. 

The  first  stone  of  the  bridge  was  laid  on  Friday,  the  11th 
of  October,  1811,  by  Mr.  Henry  Swann;  a bottle  containing 
coins  of  bis  late  Majesty's  reign,  was  deposited  in  the  first 
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stone,  over  which  a plate  with  the  following'  inscription  was 
laid  : — 

**  This  foundation  of  the  Strand  Bridge  was  laid  on  the  11th 
day  of  October,  a.  p.  1811,  bj  the  Directors  for  executing  the 
same,  Henry  Swann,  Esq.  M.F.  chairman,  in  the  51st  year  of 
the  reign  of  King  George  the  Third,  and  during  the  regency  of 
his  K.  H.  George  Prince  of  Wales.  The  money  for  building 
which  was  raised  by  subscription,  under  the  authority  of  an 
Act  of  Parliament.  fayisrA',  Jons  Rcnmk,  F-  K.S." 

Vauxhall  Bridge.  (See  Plate,  Bridges.) — This  bridge  was 
originally  projected  by  Ralph  Dodd,  the  father  of  the  engineer 
above  alluded  to  ; but  with  the  actual  building  of  this  bridge. 
Ralph  Dodd  had  little  or  nothing  to  do.  See  Leigh's  Picture  of 
London. 

Some  subscriptions  were  received,  and  (he  building  of  a 
bridge  on  the  present  site  of  Vauxhall  bridge  was  determined 
on  ; but  in  the  co-operation  of  this,  Mr.  Dodd  w as,  on  account 
of  some  disagreements,  dispensed  with.  Mr.  Rennie,  the 
Waterloo-bridge  engineer,  followed.  An  immense  quantity  of 
good  stone  was  brought;  laborious  efforts  were  made  to  build 
the  piers,  & c. ; but  thousands  of  pounds  were  expended  to  no 
purpose.  The  completion  of  the  bridge  was  interrupted  till 
Mr.  Walker  was  engaged;  and  the  result  was,  the  building  of 
the  present  elegant  iron  bridge.  The  whole  expense  of  build- 
ing was  within  £150,000:  and  much  more  is  said  to  have  been 
previously  expended  in  vain. 

The  first  stone  of  this  bridge  was  laid  in  the  year  1813,  by 
Prince  Charles,  the  eldest  son  of  the  late  Duke  of  Brunswick  ; 
and  the  present  beautiful  erection  was  completed  in  1810.  It 
consists  of  nine  cast-iron  arches,  with  piers  formed  by  a wooden 
frame  as  a foundation,  faced  with  Keutish  rag-alone  and  Komau 
cement. 

Southwark  Bridge.  (See  Plate,  Bridges.) — The  plan  of  this 
bridge  was  originally  proposed  and  brought  forward  by  Mr. 
John  Wy  at,  with  the  view  of  forming  a communication  between 
Banksidc,  Southwark,  and  the  bottom  of  Quccn-strcet,  Cheap, 
aide.  The  celebrated  Rennie  has  the  merit  of  the  design.  It 
consists  of  three  arches  only,  of  oust  iron,  from  the  foundry  of 
Messrs.  Joshua  Walker  and  Co.  of  Rotherham,  in  Yorkshire,  on 
massy  stone  piers  and  abutments. 

This  js  a most  stupendous  iron  biidge;  and,  so  far  as 
respeets  its  centre  arch,  is  of  greater  span  than  any  other  in  the 
world.  It  was  opened  in  April,  1810.  Doubts  having  existed 
with  the  unscientific  part  of  the  public,  as  to  the  practicability 
of  this  Herculean  atructnro,  whether  it  could,  in  its  colossal 
stride*,  span  the  frontiers  of  old  father  Thames,  the  following 
curious  and  interesting  particulars  cannot  fail  to  be  accept- 
able. 

This  work  was  begun  on  the  23d  September,  1814,  under  the 
direction  of  Mr.  Rennie  as  engineer,  and  Mr.  Weston,  sub- 
engineer.  Messrs.  Jolliffc  and  Banks  were  the  contractors  at 
a lump  or  specific  sum.  and,  what  is  rather  a novelty  in  public 
works  of  this  vast  magnitude,  it  was  completed  within  the 
contract  price.  Hie  estimated  expense  of  the  bridge  amounted 
to  £287.000. 

The  distance  between  the  abutments  is  708  feet.  The  extent 
of  each  abutment  enclosed,  including  the  land  arch  and  invert 
arch,  is  71  feet,  formed  of  solid  masonry  ; all  the  springing 
stones  of  which  weigh  13  tons  each,  and  are  of  granite,  similar 
to  the  other  parts  of  the  bridge  stone  work.  There  are  two 
piers,  00  ffcct  high  each  from  the  bed  of  the  river  to  the  top  of 
the  parapet,  and  24  feet  in  breadth  between  high  and  low 
water  marks,  and  75  feet  long  between  acme  and  acme  of  the 
salient  angles.  Tbe  foundations  of  the  piers  are  each  about 


12  feet  below  the  l>ed  <>r  b-»itom  of  the  river,  and  rest  on  a 
platform  of  2$  feet  thick  of  solidly  compacted  timber ; and  theso 
platforms  each  further  repose  on  about  420  piles,  most  of  which 
are  driven  24  feet  into  the  earth,  making  the  depth  of  the 
earth,  from  the  shoe  of  the  piles  to  the  parapet  top  of  the  piers, 
98  feet.  There  are  three  arches  of  iron  ; the  two  side  ones  are 
210  foot  each  in  span,  and  the  centre  arch  is  240  feet  in  span, 
with  43  feet  clear  opening  above  low-water  mark,  medium 
tides.  Thus  it  exceeds  the  admired  bridge  of  Sunderland  by 
4 feet  in  the  span,  abd  the  long-famed  Rialto  at  Venice,  by 
107  feet.  Many  of  tbe  iron  siuglc  or  solid  castings  weigh  10 
tons  each:  and  the  total  weight  of  iron  exceeds  5308  tons. 

The  centerings  of  this  bridge  oti  which  the  arches  were  formed 
or  turned,  were  of  such  a novel  and  peculiar  construction,  that 
the  navigation  of  the  Thames  was  comparatively  unimpeded 
during  the  building  of  the  bridge.  The  entire  centering  of  one 
arch,  containing  480  loads  of  timber,  was  removed  into  two 
tides,  having  been  previously  and  gradually  sunk  by  loosening  of 
the  wedges;  unlike  the  Font  Neuilly,  from  which  the  centerings 
were  all  struck  simultaneously,  or  rather  thrown  into  the  river 
Seine,  and  in  which  the  arches  settled  the  surprising  depth 
of  18  inches  almost  instantly.  It  was  calculated,'  and  allowed, 
that  the  centre  arch  of  Southwark  bridge  would  settle  at  the 
vertex  two  inches,  yet  it  has  only  settled  or  sunk  1 1 inch  pre- 
cisely ; thus  the  wido  expanse  is  within  onc-cigbth  of  an  inch 
of  the  figure  and  form  it  was  originally  designed  to  assume. 

The  following  is  a specification  of  tbe  lengths  of  the  severul 


bridges : Feet. 

Waterloo  Bridge,  within  the  abutments,  1242 

Westminster  Bridge,  from  wharf  to  wharf,  1223 

Black  friars'  Bridge 9-10 

London  Bridge, 900 

Vauxhall  cast-iron  Bridge 8G0 


Southwark  cast-iron  Bridge,  between  the  abutments,  708 
New  London  Bridge. — This  work  was  commenced  on  the 
Oth  March.  1824,  under  tho  direction  of  Mr.  John  Rennie  ; 
second  son  of  the  late  celebrated  engineer  (whose  stupendous 
works  reflect  so  much  honour  on  himself  and  country,) 
assisted  by  Mr.  James  Hollinsworth  and  Mr.  Knight.  Tbe 
bridge  is  to  consist  of  five  beautiful  scmi-elliptical  arches,  tbe 
centre  one  of  which  will  he  160  feet  span,  the  adjoining  140 
feet,  and  the  land  arches  130  feet.  They  are  now  constructing 
of  the  most  durable  granite  from  Aberdeen,  Devonshire,  and 
Cornwall,  and  may  be  justly  considered  the  boldest  of  (heir 
kind  in  Europe. 

The  contractors  for  this  stupendous  undertaking  are  the  same 
who  have  carried  into  effect  so  satisfactorily  the  other  two 
works  of  a similar  nature,  vis.  Waterloo  and  Southwark 
bridges.  (Messrs.  Jolliffc  and  Banks.)  And  from  the  sound  and 
scientific  manner  in  which  the  work  under  remark  is  proceed- 
ing, there  is  every  reason  to  believe  that  they  will  speedily  com. 
lele  it  to  general  satisfaction.— Their  contract  for  the  new 
ridge,  and  some  alterations  in  widening  the  water-way  of  the 
old  one,  is  £506.000,  and  they  are  bound  down  in  heavy  sureties 


to  complete  it  in  March,  1830. 

Original  contract,  £42(5.000 

Additional  width,  42.000 

Fourth,  sets  of  centres, 8,000 

Alteration,  of  tho  old  bridge,.  ^ 3i>«000 


Total,  500,000 


It  is  understood  that  tbe  removal  of  the  old  structure  will  be 
a separate  contract. 
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BRIGGS,  Henry,  is  well  known  as  (he  improver  of  Napier’s 
logarithms.  This  great  man  was  born  at  Warley  Wood, 
Halifax, 'Yorkshire,  in  1560,  and  died  at  Oxford  in  1090.  He 
preferred  retirement  to  the  splendour*  of  life,  and  humble 
probity  to  the  accumulation  of  vast  riches,  which  his  abilities 
might  have  procured. 

BROKEN-BACKED,  the  state  of  a ship,  so  loosened  in  her 
frame,  either  by  age,  weakness,  or  some  great  strain,  as  to 
droop  at  each  end.  This  circumstance  is  more  common  among 
thp  French  than  the  English  or  Dutch  ships,  owing  partly  to 
their  great  length,  and  to  the  sharpness  of  their  floor,  whose 
breadth  is  not  sufficiently  carried  from  the  middle  towards 
each  end,  and  partly  from  being  frequently  obliged  to  have  a 
great  weight  on  both  ends,  when  they  arc  empty  in  the  middle, 
at  the  time  of  discharging  one  cargo  and  taking  in  another. 

ULLK-IIEADS,  partitions  built  up  iu  several  parts  of  a 
ship,  to  form  and  separate  the  various  apartments ; some  of 
which  arc  particularly  strong.  Others  are  light,  and  removable 
ut  pleasure,  to  clear  the  ship  for  action.  The  bulk-head  afore, 
is  the  partition  between  the  forecastle  and  the  gratings  in  the 
head,  and  in  which  are  the  chase  ports. 

BULL'S  EYE,  a piece  of  wood  in  the  form  of  a ring,  which 
answers  the  purpose  of  an  iron  thimble  : it  is  seldom  used  by 
the  English  seamen,  and  then  only  for  the  main  and  fore  bow- 
line bridles. 

BUM  BOAT,  a small  boat,  employed  to  carry  vegetables, 
Sic.  for  sale,  to  ships  lying  at  a distance  from  the  shore. 

BUMKIN,  or  Boom  kin,  a short  boom,  or  beam  of  timber, 
projecting  from  each  bow  of  a ship,  to  extend  the  clue  or 
lower  corner  of  the  foresail  to  windward ; for  which  purpose 
there  is  a large  block  fixed  on  its  outer  end,  through  which  the 
tack  is  passed,  which  being  drawn  tight  down,  the  tack  is  said 
to  be  aboard. 

BUNT-LINES,  ropes  fastened  to  cringles  on  the  bottoms  of 
the  square  sails,  to  draw  them  up  to  their  yards:  they  are 
inserted  through  certain  blocks  above,  or  on  tue  upper  part  of 
the  yard,  whence  passing  downwards  on  the  forepart  of  the 
sail,  they  are  fastened  below  to  the  lower  edge,  in  several 
places  of  the  bolt  rope. 

Bi  nt-Line  Cloth,  the  lining  sewed  up  the  sail  in  the  direc- 
tion of  the  bunt-line,  to  prevent  that  rope  from  chafing  the  sail. 

BUOY,  a sort  of  close  cask,  or  block  of  wood,  fastened  by 
a rope  to  the  anchor,  to  point  out  its  situation.  Buoys  are  of 
various  kinds,  as,  Can  Buoys,  which  arc  in  the  form  of  a cone. 
Of  this  kind  are  the  buoys  which  are  floated  over  sands,  &c.  as 
marks  for  ships  to  avoid  them : they  are  made  very  large,  that 
they  may  be  seen  at  a distance  ; where  there  arc  several  near 
each  other,  they  are  distinguished  by  the  colour,  as  black,  red, 
and  white.  Run  Buoys,  are  large  in  the  middle,  and  taper 
nearly  to  a point  at  each  end.  Wooden  Buoys,  arc  solid  pieces 
of  light  timber,  having  one  or  two  holes  through  the  ends,  in 
which  is  fixed  a ring  of  rope  called  the  strop. 

Cable  Buoys  arc  common  casks,  employed  to  bnoy  up  the 
cables  in  rocky  anchorage,  to  prevent  their  rubbing  against  the 
rocks.  In  the  harbour  of  Alexandria  in  Egypt,  every  ship  is 
moored  with  at  least  three  cables,  and  has  three  or  four  of  these 
buoys  on  each  cable  for  this  purpose. 

Life  Buoy  is  generally  of  the  Can  kind,  though  sometimes  it 
is  made  of  cork.  It  is  furnished  with  a small  flag  on  the  top, 
and  is  used  to  throw  overboard  for  a person  who  has  fallen 
into  the  sea  to  lay  hold  of ; while  the  flag  serves  to  direct  a 
boat  to  the  spot,  and  thereby  frequently  saves  the  life  of  a 
fellow  creature. 

Buoy  Hope,  the  rope  which  fastens  the  bnoy  to  the  anchor, 
and  should  be  always  of  sufficient  strength  to  draw  up  the 
anchor ; it  should  also  be  little  more  in  length  than  equal  to 
the  depth  of  the  water  where  the  anchor  lies. 

BURNING,  the  action  of  fire  on  bodies,  whereby  the  minnte 
parts  of  them  are  separated,  and  thrown  into  violent  motion, 
some  of  them  assuming  the  nature  of  fire  themselves,  fly  off  in 
orbem,  while  the  rest  are  dissipated  in  form  of  vapour,  or 
reduced  to  ashes. 

Buii>'iNC  Glass,  a convex  lens  which  transmits  the  rays  of 
light,  but  in  their  passage  refract  or  incline  them  towards  a 
common  point  in  the  axis  called  the  focus ; and  by  thus  com- 
bining together  in  a single  point  the  power  of  all  the  rays 
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transmitted  through  the  glass,  a very  great  degree  of  heat  is 
accumulated  in  that  point,  which  will  fuse  bodies  that  are 
infusible  in  the  greatest  culinary  heat  that  can  be  produced. 

Bukmno  Mirrors,  or  Specula,  a{e  concave  reflecting  surfaces, 
commonly  of  metal,  which  reflect  the  rays  of  light  falliug  upon 
them,  but  at  the  same  time  incline  them  towards  a determined 
point  or  focus,  where  their  accumulated  effect  operates  in  the 
most  powerful  manner,  burning  and  dissipating  the  hardest 
and  most  infusible  bodies. 

Those  burning  glasses  which  consist  of  refracting  convex 
lenses,  though  not  entirely  unknown,  were  very  imperfectly 
understood  by  the  ancients ; but  the  latter  kind,  the  burning 
mirrors,  they  seem  to  bavc  had  in  greater  perfection  than  the 
moderns,  at  least  if  wo  may  credit  the  relations  of  several 
eminent  historians,  who  assert  that  Archimedes,  by  means  of 
sucb  mirrors,  burned  and  destroyed  the  Roman  fleet,  which, 
under  Marccllus,  was  employed  at  the  siege  of  Syracuse;  and 
tbat  Proclus  in  the  same  way  destroyed  the  navy  of  Vitcllius, 
nt  the  siege  of  Byzantium. 

There  are  also  passages  in  some  of  the  ancients,  which  seem 
to  indicate  that  they  also  possessed  a knowledge  of  the  burn- 
ing powers  of  refractors,  although  their  magnifying  powers 
appear  to  have  been  wholly  unknown  to  them.  Among  the 
moderns,  one  of  the  earliest  who  devised  a burning  mirror,  w as 
the  celebrated  Lord  Napier,  the  inventor  of  logarithms. 

Of  the  moderns,  the  most  remarkable  burning  glasses  are 
those  of  Maginc,  of  30  inches  diameter ; of  SepataJa,  of  Milan, 
near  43  inches  diameter,  and  which  burnt  at  the  dislanne  of 
15  feet ; of  Settala,  of  Vilelte,  of  Tschirnhausen,  of  Buffon,  of 
Trudaine,  and  of  Parker. 

That  of  M.  de  Vilcttc  was  9 feet  11  inches  in  diameter,  and 
its  focal  distance  was  3 feet  3 inches.  Its  substance  is  a com- 
position of  tin,  copper,  and  tin  glass.  Some  of  its  effects,  as 
found  by  Dr.  Harris  and  Dr.  Dcsaguliers,  are.  that  a silver  six- 
pence melted  in  74*  ; a king  George’s  halfpenny  melted  in  16*, 
and  ran  in  34* ; tin  melted  in  3" ; and  a diamond,  weighing 
4 grains,  lost  Jths  of  its  weight. 

That  of  Buffon  is,  (see  Archimedes’  mirror,  in  the  following 
figure,)  a polyhedron,  6 feet  broad,  and  as  mauy  high,  consist- 
ing of  1G8  small  mirrors,  or  flat  pieces  of  looking-glass,  each 
6 inches  square,  by  means  of  which,  with  the  faint  rays  of  the 
sun  in  the  month  of  March,  he  set  on  fire  boards  of  beech  w ood 
at  150  feet  distance.  Besides,  his  machine  has  the  cnnvcuiency 
of  burning  downwards  or  horizontally,  as  one  pleases,  each 
speculum  being  moveable,  so  as,  by  means  of  three  screws,  to 


be  set  to  a proper  inclination  for  directing  the  rays  towards 
any  given  point ; and  it  turns  either  in  its  greater  focus,  or  in 
any  nearer  interval,  which  our  common  burning  glasses  cannot 
do,  their  focus  being  fixed  and  determined.  Buffon,  at  another 
time,  burnt  wood  at  the  distance  of  300  feet;  and  melted  tin 
and  lead  at  the  distance  of  more  than  130,  and  silver  at  50  feet. 

The  following  figure  represents!  another  contrivance  of 
Buffon,  for  diminishing  the  thickness  of  very  large  refracting 
lenses,  in  which  the  burner  consists  of  concentric  pieces  of 
glass,  each  resting  upon  the  other,  as  represented  in  the  figure, 
by  dividing  the  convex  arch  of  the  lens  into  three  cqoRt  parts. 
Thns,  suppose  the  diameter  to  be  36  inches,  and  the  thickness 
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iii  the  middle  3 inches ; by  -J-  the  lens  into  three  concentric 
0’s,  and  laying  the  one  over  the  other,  the  thickness  of  the 


middle  piece  need  only  be  one  mcA ; at  the  same  time  that  the 
lens  will  have  the  same  convexity,  and  almost  the  same  focal 
distance,  as  in  the  other  case,  while  the  effects  of  it  must  be 
much  greater  on  account  of  the  greater  thickness  of  the  glass. 

Mr.  Parker,  of  Fleet -street,  London,  was  induced,  at  sin 
expense  of  upwards  of  £700,  to  contrive,  and  at  length  to 
complete,  a large  transparent  lens,  that  would  servo  the  pur- 
pose of  fusing  and  vitrifying  -v*ch 
substances  as  resist  the  fires  of 
ordinary  furnaces,  and  more  espe- 
cially of  applying  heat  in  vacuo, 
and  in  other  circumstances  in 
which  it  cannot  he  applied  by  any 
other  mean,  as  in  the  annexed 
figure.  After  directing  his  atten- 
tion for  several  years  to  this  ob- 
ject, and  performing  a great  va- 
riety of  experiments  in  the  prose- 
cution of  it,  he  at  last  succeeded 
in  the  consftuction  of  a lens  of 
flint  glass,  3 feet  in  diameter, 
which,  when  fixed  in  its  frame, 
exposes  a surface  of  32  inches 
in  the  clear ; the  distance  of  the 
focus  is  0 feet  0 inches,  and  its 
diameter  I inch.  The  rays  from 
this  largo  lens  arc  received  and 
transmitted  through  a smaller 
one  of  13  Inches  diameter,  its 
focal  lengths  inches,  ami  diame- 
ter of  its  focus  | inch  ; so  that  this 
second  lens  increases  the  power 
of  the  former,  ns  8*  to  31,  or  rather  more  than  7 to  1. 

In  tbo  elevation,  (as  in  the  following  figure,)  A is  the  lens  of 


I 


the  diameter  mentioned;  B is  a second  lens,  16  inches  diame- 
ter ; C a truncated  cone,  composed  of  21  ribs  of  wood,  in  which 
both  lenses  are  fixed  ; 11  is  a rack  passing  through  the'pitlar  L; 
E its  handle  ; F a bar  of  wood,  fixed  oetwren  the  two  lower  ribs  of 
the  cone  at  G,  in  which  the  apparatus  H.with  the  iron  plate  I, 
turning  on  the  bail  and  socket  K,  to  hold  thereon  the  matter 
under  experiment;  LLa  frame  moving  on  the  castors  M M. 
Below  the  table  N are  three  friction  wheels,  that  move  the 
machine  horizontally.  O a strong  iron  bar,  in  which  the  leas 
and  the  cone  hang. 

The  following  figure  represents  the  section.  « is  the  great 
lens  marked  Ain  the  elevation;  b the  frame- containing  the 
great  lrns ; t the  small  lens  marked  U ; d the  frame  that  con- 
tains the  small  lens ; t the  truncated  cone  C ; f the  bar  o« 


which  the  apparatus  F turns ; g the  iron  plate  marked  1 ; A th® 
cone  of  rays  formed  by  the  great  lens  a falling  on  the  lens  t ; i 
the  cone  of  rays  formed  by  the  refraction  of  the  lens  l.  In  the 
front  view  in  Mr.  Parker's  lens,  A is  the  great  lens  in  its  cir- 
cular frame ; m the  iron  bow  in  which  it  hangs  ; l the  support. 

From  a variety  of  experiments  made  with  this  lens,  the  fol- 
lowing are  selected  to  serve  as  a specimen  of  its  powers : — 


S-stMUbCM  wttX  ih.ij  Waif  hi 

Tun*  of  1 uUm. 

w.wht  in 
Gwlu. 

so  ... 
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20  ... 

3 
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..  20 

..  3 

16  ... 

3 

..  12 

Oast  iron,  ditto, 

10  ... 

. . 3 

Steel ditto, 

10  ... 

..  12 

Scoria  of  wrought  iron,, 

. . C 

..  45 

An  oriental  emerald, 

..  42 

Crystal  pebble, 7 0 


Topas, 

Flint  oriental 

...  30 
...  30 

Rough  cornelian 

10  . . 

...76 

Jasper, 

...  26 

Onyx 

...20 

. . . 17 

White  rhomboidal  spar, 

...  60 

Mr.  Parker  farther  informs  us,  that  a diamond  weighing  10 
grains,  exposed  to  this  lens  for  30  minutes,  was  reduced  to 
6 grains  ; but  gold  remained  in  its  metallic  state,  without  appa- 
rent diminution,  notwithstanding  an  exposure  at  intervals  of 
many  hours.  With  regard  to  experiments  on  iron,  it  is  re  nark- 
able  that  the  lower  part,  viz.  the  part  in  contact  with  the  char- 
coal, was  first  melted,  when  that  part  which  was  expos*  d to 
the  focus  remained  unfused.  For  farther  particulars  on  this 
subject  see  Rees's  Cyclopedia,  article  Burning  Glass  ; sec  also 
an  essay  on  " Mirrors  Ardens,”  by  M.  Peyrnrd.  subjoined  to 
the  French  translation  of  the  works  of  Archimedes. 

BURTHEN,  or  Burdcn,  the  weight  or  measure  of  any  spe- 
cies of  merchandise  that  a ship  will  carry  when  fit  for  sea ; 
the  general  rule  for  finding  which  is,  to  multiply  the  length  of  the 
keel,  the  inner  midship  breadth,  and  the  depth  from  the  main 
deck  to  the  plank  joining  the  keelson,  together:  which  product 
divided  by  04  gives  the  tonnage,  or  burden,  required  in  Ions. 

BUSHEL,  a measure  for  dry  goods,  which  by  an  act  of 
parliament,  passed  in  1607,  is  to  contain  2150*42  cubic  inches, 
•ix.  “ Every  round  bushel,  with  a plain  and  even  bottom,  i»  to 
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be  made  !fti  inched  wide  throughout,  and  8 inrhea  deep,  which 
is  accounted  a legal  Winchester  bushel,  according  to  the  stand- 
ard in  his  majesty's  exchequer."  See  WEIGHTS  and  MEASURES. 

BUTTER,  Cheese,  &c.— IJntteris  an  artificial  preparation  of 
now’s  milk.  The  milk,  cither  in  its  natural  state  or  in  that  of 
cream,  is  whirled  round  or  agitated  in  a churn,  till  all  its  unc- 
tuous particles  arc  separated  from  the  whey,  and  a soft  con- 
sistent mass  is  formed.*  Creek  authors  frequently  speak  of 
milk  and  cheese,  but  do.  not  mention  butter;  and  the  Romans, 
for  six  centuries,  used  it  as  a medicine.  In  modern  times,  the 
art  of  making,  improving,  and  preserving  butter,  has  kept  pace 
with  the  unwholesome  custom  of  eating  this  animal  oil  from  an 
early  period  of  infancy.  Butter  forms  a considerable  article 
of  trade.  .'.-0,000  tons  of  butter  arc  annually  consumed  in  Lon- 
don ; of  which  the  counties  of  Cambridge  and  Sutfolk  are  said 
to  furnish  60,000  fttkins,  each  containing  66 lbs.  None,  how- 
ever, is  equal  to  that  produced  in  Essex,  and  known  by  the 
name  of  Kpping  butter. 

Butter,  like  all  inflammable  substances,  is  constantly  under- 
going oxygenation,  ns  the  chemists  call  it,  and  by  this  process 
becomes  rancid,  or  is  changed  into  a new  substance  no  longer 
suitable  for  the  purposes  of  nourishment.  The  tendency  to 
rancidity,  or  oxygenation,  is  much  hastened  by  its  greater  or 
less  admixture  with  the  other  parts  of  the  milk,  from  which  it 
is  not  totally  freed  ; for  if  the  parts  are  very  completely  sepa- 
rated, the  progress  of  oxygenation  is  much  retarded. 

The  only  means  of  preserving  butter  is  by  means  of  sea-salt ; 
and  with  this  addition  it  can  be  kept  long  in  a fit  condition  for 
aliment.  The  cream,  or  oily  part  of  the  milk,  from  which  but- 
ter is  made,  acquires,  by  being  kept  for  some  time,  new  pro- 
perties, and  these  new  properties  facilitate  its  conversion  into 
batter.  Thus  sour  cream  does  not  take  one-fourth  part  of  the 
labour  accessary  in  churning,  as  fresh  cream,  in  order  to  givo 
out  its  product:  but  this  acid  which  prevails  in  the  cream 
before  churning,  disappear*  also  after  Inc  process  is  finished  ; 
and  this  riroumstanec  is  no  way  influenced  either  by  the  access 
or  exclusion  of  the  atmospheric  air.  Fresh  butter,  ns  first 
made,  is  almost  without  any  smell,  of  a mild  and  agreeable 
taste,  easily  soluble  in  water,  and  remaining  uniform  even  in  a 
boiling  heat.  As  its  "arid  heroines  extricated,  it  acquires  an 
acrimony  nr  rancidity;  ami  is  then  rendered  unwholesome. — 
This  acid  Is  peculiar,  and  lias  hot  yet  been  properly  examined. 

The  proper  quality  of  butter  is  marked  by  its  oily  or  fat 
shining  surface,  and  its  yellow' colour,  with  an  agreeable  flavour 
and  sweetish  taste.  Tin*  colour  varies  according  to  the  feeding 
of  the  animal,  and  to  supply  its  defect,  adventitious  means  arc 
often  resorted  to  by  colouring  it  with  vegetables.  The  highest 
degree  of  natural  colour  is  generally  found  in  that  fiom  the 
> milk  of  Guernsey  cows.  From  the  strong  tendency  of  butler 
t to  oxygenation,  great  quantities  of  this  article  come  to  be  sold 
l in  a ran  rid  state ; and  this  cannot  fail  to  be  attended  with  the 
* most  deleterious  consequences,  amt  to  lay  the  foundation  of  , 

• There  nrealco  vegetable  boiler*  uusde  from  palm  oil,  and  the  oil  of  tie  i 
' coco*  nut.  Tbs  celebrated  Park  found,  m Africa,  • tree  called  by  ibe  I 
native*  shea,  from  the  fruit  of  which  a tolerably  pare  butter  wu  procured.  j 


disease.  As  the  wholcsomeness  of  this  article  depends  on  its 
freedom  from  rancidity,  whatever  operation  it  is  subjected 
to,  that  produces  this  slate  of  it.  introduces  the  foundation 
of  disease,  whether  it  arise  from  keeping,  or  the  processes  of 
cookery  in  frying  and  burning.  It  becomes  in  this  stale  heavy 
and  indigestible  on  the  stomach,  occasioning  acrid  and  acid 
belchings. 

But  besides  selling  it  in  a rancid  state,  other  deceptions 
may  he  adduced  in  respect  to  butter,  by  those  who  deal  in  it. 
By  hi  ating,  it  possesses  the  quality  of  absorbing  an  immense 
quantity  of  water.  Such  advantage  is  taken  of  this  circum- 
stance*  that  what  with  the  additional  weight  of  salt  also  intro- 
duced into  it,  the  public  do  not  receive  more  than  two-thirds 
of  the  actual  product  when  they  buy  it.  The  fraud  begins  from 
the  very  dairy,  and  is  increased  when  it  gets  into  the  hands  of 
the  cheesemonger.  The  poor  man  is  deprived  of  so  much  of 
the  nourishment  which  he  ought  to  have,  and,  by  an  excess  of 
extraneous  matter  introduced  into  his  body , through  the  use  of 
this  sophisticated  article,  sees  himself  and  hi*  progenitors  often 
suffering  under  scrofula  and  other  maladies,  drawing  their 
origin  from,  or  aggravated  by,  this  impure  source. 

Cheese,  made  from  curdled  milk,  freed  from  the  scrum  or 
whey,  and  afterwards  dried  fur  use,  differs  in  quality,  as  it  I* 
made  from  new  milk,  or  from  skimmed  milk, — from  the  curd 
which  separates  spontaneously  upon  standing,  or  that  which  is 
more  speedily  produced  with  runnet.  There  is  also  cheese 
from  cream,  which  is  fat  and  hulyrar.eous,  and  docs  not  keep 
long.  Of  all  the  cheese  made  in  England,  none  is  so  esteemed 
a*  tlie  Stilton.  These  cheese*  must  be  kept  two  years  before 
they  are  properly  mellowed  for  use  in  families.  The  making 
of  what  is  called  Stilton  cheese  is  not  confined  to  the  Stilton 
farmers.  Others  in  Huntingdonshire,  and  even  in  Rutland  and 
Northamptonshire,  make  a similar  sort,  which  is  sold  under  the 
name  of  Stilton.  The  double  Gloucester  is  much  esteemed. 
The  goodness  of  Cheddcr  cheese  is  said  to  he  owing  to  the 
richness  of  the  land  : the  same  is  the  ease  with  the  Somerset- 
shire, and  that  of  the  adjoining  counties.  Ghrshiro  cheese  is 
generally  admired.  A cheese  is  sometimes  above  a hundred 
pounds  weight.  To  give  a high  colour  to  cheese,  it  is  usual  to 
put  with  the  milk,  before  it  is  turned,  a little  annotto.  No 
cheese  will  look  yellow  without  it.  and  though  it  is  perfectly 
innocent,  it  does  not  add  to  the  goodness  of  the  cheese. 

BUTTERFLY,  7#  lake  the  Impression  of  a.  Having  caught 
a butterfly,  kill  it  without  spoiling  its  w ings,  contrive  to  spread 
these  out  as  regularly  as  possible  in  a flying  position;  then, 
with  a small  brash  or  pencil,  lake  a piece  of  white  paper; 
wash  part  of  it  with  gum  water,  afterwards  lay  your  butterfly 
on  the  paper,  cut  off  the  bodv  close  to  the  wings,  throw  it 
away,  lay  the  paper  on  n smooth  board,  with  the  fly  upwards; 
lay  another  paper  over  that,  put  the  whole  preparation  into  a 
screw  press,  and  screw  it  hard  down,  or  otherwise  press  it,  for 
! half  an  hour.  Afterwards  take  ofT  the  wings  of  the  butlerfly, 

; and  you  w ill  find  their  perfect  impression,  w ith  all  their  various 
I colours  marked  distinctly,  on  the  paper.  When  this  is  done, 

| draw  between  the  wings  of  your  impression  the  body  of  the 
I butterfly,  and  colour  it  after  the  insect  itself. 


C. 

* CAB 

CaBIN,  a room  or  apartment  in  a sliip,  where  any  of  the 
officers  usually  reside.  In  a large  ship  there  are  several 
cabins,  the  principal  of  which,  distinguished  by  the  name  of 
the  great  cabin,  is  designed  for  the  captain  or  commander.  In 
ships  of  the  line,  this  chamber  is  furnished  with  an  open  gal- 
lery In  the  ship's  stem,  as  also  a little  gallery  on  each  quarter. 

CABINET,  a secret  or  inner  apartment ; also  a piece  of 
joiner's  work  resembling  a press  or  chest ; likewise  a council, 
or  select  meeting,  is  called  a cabinet. 

16. 


CAB 

CABLE,  a thick,  stout  rope,  made  of  hemp,  &c.  to  kerp 
a ship  at  anchor.  Every  cable  is  of  three  strands,  every 
strand  of  three  ropes,  every  rope  of  three  twists ; and  the 
tw  ists  are  spun  of  more  or  less  threads,  as  the  cable  U to  be 
thick  or  small.  Thus,  a cable  of  one  inch  diameter,  or  three 
inches  circumference,  consists  of  forty  eight  ordinary  threads, 
and  weighs  102  pounds.  To  estimate  the  strength  of  a hempen 
cable,  divide  by  6,  the  square  of  its  girth  in  inches,  and  the 
quotient  will  express  in  tons  the  utmost  strain  it  can  bear. 
2 N 
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Hence,  a rope  of  1 inch  diameter  is  capable  of  bearing  a attain 
of  1 *8  ton. 

Cirmin.  Thread.  Weight.— Hm.  SUaia.— 

• 4 77  SOB 3 2 

« 171  (HXi 7-2 

8 311  1214 128 

in  485 lit  in  . 20*0 

It  1>.V» 3808 30-2 

18 1571 f*2Xi Gi-8 

20 1913  7772  80  0 

This  estimate  applies  to  new  ropes,  formed  of  the  best  mate- 
rials, not  much  twisted,  and  having  the  strands  laid  even.  If 
yarns,  of  ISO  yards  tong,  lie  worked  op  into  ropes  1 2ti  y arris 
only,  it  vs  ill  lose  one-fourth  of  the  strength,  the  exterior  fibres 
alone  resisting  till*  greatest  strain. 

The  long  cable  is  not  so  apt  to  break  as  the  short  one, 
because  it  will  boar  a great  deal  more  stretching  before  it 
comes  to  the  greatest  strain ; it  therefore  resembles  a sort  of 
spring,  which  may  be  very  easily  extended,  and  afterwards 
recovers  Its  first  state,  as  wood  as  the  force  which  extended  it 
is  removed.  Resides  all  this,  a ship  will  ride  much  smoother 
with  a long  cable,  and  be  less  apt  to  pitch  dr  plunge  deep  in 
the  water  with  the  fore  part.  On  the  contrary,  the  short  cable, 
being  loo  nearly  vertical  to  the  anchor,  cannot  bear  such  a 
Strain,  because  it  is  charged  with  a greater  effort ; and,  as  it 
will  not  bear  stretching,  may  break  the  first  violent  tug.  The 
ship  also  rides  with  much  greater  difficulty,  labours  extremely, 
and  often  plunges  all  her  fore  part  under  water.  Every  ship 
should  he  furnished  with  sufficiency  of  cables,  or  what  is  called 
ground  taeklc  ; for  owing  to  a deficiency  of  this  necessary 
article,  many  excellent  vessels  have  been  lost,  and  it  is  nn  in- 
considerate policy  indeed,  in  merchants,  to  expose  their  ships 
to  such  evident  dangers  for  the  want  of  them. 

C \<*E,  an  enclosure  of  wire,  or  wicker,  for  the  confinement 
of  birds  or  wild  beasts.  Cage  means  also,  in  carpentry,  some 
outer  work,  or  timber  enclosing  other  timber,  as,  the  cage  of  a 
w indmill ; the  cage  of  a staircase,  the  wooden  walls  or  sides 
that  enclose  it. 

CALAMINE,  a mineral  composed  ofxine,  iron,  and  some- 
times other  substances  ; its  colour  is  sometimes  whitish  or 
gray  ; at  other  times  brown  or  blackish,  red  or  deep  yellow, 
CALAMUS,  the  rolaog.  or  true  Indian  cane,  abundant  in 
Sumatra,  is  one  of  those  plants  from  which  the  drug,  called 
dragon's  blood,  is  obtained. 

CALASH,  a small  light  chariot,  or  garden  chair,  of  which  a 
new  sort  going  on  two  wheels  has  been  invented  ; not  hung  on 
traces  and  springs,  yet  easier  than  the  common  coaches,  and 
possessing  the  singular  advantage  of  recovering  its  proper 
podi  I ion,  should  it,  by  any  irregularity  of  the  road,  or  other 
accident,  he  overturned. 

CALCAR,  n small  oven,  or  reverberatory  fnrnace,  in  which 
the  first  cub  (nation  of  sand  and  potashes  is  made,  for  turning 
them  into  frit,  from  which  glass  is  ultimately  made.  This  fur- 
nace, 111  feet  long,  7 wide,  2 deep.  Is  heated  by  llame  reverbe- 
rating from  the  roof  upon  the  Hit,  over  the  surface  of  which 
the  smoke  rolls  quite  black,  escaping  by  the  mouth  of  the  cal- 
car. The  coals  burn  on  grates  of  iron,  to  allow  the  ashes  to 
precipitate. 

CALCAREOUS  Eirth,  the  same  as  lime,  and  of  which 
there  are  various  combinations,  it*  marble,  limestone,  marie, 
gypsum.  Vast  quantities  of  marine  shells,  and  the  bones  of 
animals,  are  found  imbedded  in  it. 

CALCINATION.  See  Chemistry. 

CALCULATION,  the  act  .of  computing,  as  in  Arithmetic, 
Astronomy.  Geometry  , Ac. 

CALCULUS,  among  Mathematicians,  denotes  a certain  way 
of  performing  mathematical  operations. 

C.vj.cri  rs,  in  Medicine,  the  disease  of  the  stone  in  the  blad- 
der or  kidneys ; the  term  is  Latin,  and  signifies  a little  pebble. 
Hard  waters,  that  contain  limy  earth,  contribute  to  the  forma- 
tion of  human  calculi. 

CALENDAR,  in  Chronology,  a distribution  of  time, 
accommodated  to  the  purposes  of  civil  life,  exhibiting  the 
order  of  days,  weeks,  months,  festivals,  8te.  that  happen  and 
succeed  in  the  course  of  oue  year.  The  calendar  of  Romulus, 


or  the  ancient  Romish  year,  consisted  of  ten  months,  namely, 
Martius  of  thirty  one  days,  Apri/it  of  thirty.  Maius  of  thirty- 
one,  Junius  thirty,  (jimiri/ii,  of  ihirty-onc,  Sextilis  of  thirty, 
September  of  thirty,  October  of  thirty-one,  Aowmirr  of  thirty, 
December  of  thirty  ; in  all,  three  hundred  and  four  days. 

The  Roman  year  of  Nmna  consisted  of  twelve  months. 
Januariut  had  twenty-niue  days,  Februarius  twenty  -eight.  Mar- 
tiuj  thirty-one,  Aprilis  twenty-nine,  Plaint  thirty-one,  Junius 
twenty-nine,  Qumtilis  thirty-one,  Sex{ilis  twenty-nine,  Septem- 
ber thirty-one,  October  twenty-nine,  Sorember  twenty-nine; 
December  twenty-nine ; in  all,  three  huudred  and  fifty-five. 
The  months  called  Qumtilis  and  Sextilis,  front  their  order  in 
Romulus's  year,  were  changed  into  Julius  and.  Augustus,  in 
honour  of  Julius  Ciesar  and  his  successor  Augustus. 

The  Julian  y ear  consists  of  twelve  months,  viz.  Jossoy  Of 
thirty-one  days,  February  of  twenty-eight,  4/wrcAof  thirty -one, 
April  of  thirty,  jV«y  of  thirty-one,  June  of  thirty,  July  of  thirty- 
one,  August  of  thirty-oue,  September  of  thirty,  October  of  thirty- 
one,  November  of  thirty,  December  of  thirty-one;  in  all  three 
hundred  and  sixty-five.  Every  fourth  year,  in  the  Julian 
account,  has  three  hundred  and  sixty-six.  days,  February  then 
having  twenty-nine,  as  we  have  before  observed.  The  Ortporian 
year  has  the  same  number  of  mouths  and  days  as  the  Julian, 
the  only  dilferenec  being  that  each  month  in  the  former  begins 
elere n days  sooner  than  the  Litter. 

The  Jeicith  year  consists  of  twelve  months.  Sisan  or  /t&i&hns 
thirty  days,  Jiar  or  Zius  twruly-nine;  Siban  or  Sivan  thirty, 
'J 'humus  or  7iraiur  twenty-nine,  Ab  thirty,  Elul  twenty-nine, 
77m  or  Fthnuim  thirty,  Marc  hat  run  or  flu!  twenty-nine,  Cisleu 
thirty,  Tebeth  twenty-nine.  Shebat  or  Schebeth  twenty-nine, 
Adar  twenty-nine ; in  all  three  hundred  and  fifty-four.  This 
is  made  to  agree  with  the  solar  year,  by  adding  eleven,  and 
sometimes  twelve  days. 

As  the  form  of  the  year  is  various  among  different  nations, 
so  likewise  is  its  beginning.  The  Jews,  like  other  nations  of 
the  East,  had  a civil  year,  which  commenced  with  the  moon  in 
September;  and  an  ecclesiastical  year,  which  began  from  the 
new  moon  in  March.  The  Persians  begin  their  year  in  the 
month  answering  to  June.  The  Chinese  and  most  of  the  Indian 
nations  begin  it  with  the  first  moon  in  March;  and  the  Greeks 
with  the  new  moon  Hint  happens  next  after  the  summer  solstice. 

In  England,  the  civil  or  legal  year  formerly  commenced  on 
the  26th  of  March,  and  the  historical  year  on  the  first  day  of 
January,  ltut  since  the  alteration  of  the  style,  in  1762,  the 
civil  year,  in  this  country,  as  we  observed  before,  has  likewise 
begun  on  the  first  of  January. 

CALENDS,  or  Kalends,  in  the  Roman  Chronology,  the  first 
day  of  every  month.  It  w as  one  of  the  offices  of  the  pontilices 
to  watch  the  appearance  of  the  new  moon,  and  give  notice 
thereof  to  the  high  priests;  upon  which  a sacrifice  being 
offered,  the  pontiff  summoned  the  people  together  in  the  Capi- 
tol, and  there  with  a loud  voice  proclaimed  the  number  of 
calends,  or  lire  day  whereon  the  nones  would  be;  which  he  did 
by  repealing  a formula  as  often  as  there  were  days  or  calends. 
And  hence  also  our  tenn  calendar. 

The  Semes  were  the  5th  day  of  January,  February,  April, 
June,  August,  September,  November,  and  December,  and  the 
7tb  of  March,  May,  July,  and  October.  And  the  hies  hap- 
pened 9 clays  after  the  nones;  that  is,  on  the  13th  day  of 
February,  April,  June,  August,  September,  November,  and 
December ; and  on  the  Idtli  of  March,  May.  July,  and  October. 

CALIRKR,  or  Caliper,  properly  denotes  the  diameter  of 
any  round  body  ; thus  we  sny  the  caliber  of  the  bore  of  a gun, 
(be  caliber  of  a shot.  kc. 

Camber  or  Caliper  Compasses,  or  simply  Calipers,  a sort  of 
compass  made  with  bowed  or  arched  legs,  for  the  purpose  of 
taking  the  diameter  of  any  round  body. 

CALICO,  a cloth  made  from  cotton  wool,  resembling  linens ; 
the  name  is  from  Calicut,  a city  in  India,  from  whence  the 
Spaniards  or  Portuguese  first  brought  calicoes. 

. Calico-Printing,  or  the  art  of  applying  coloured  patterns 
on  a white  or  coloured  ground  of  linen  or  cotton,  has  been 
practised  in  India  for  mure  than  two  thousand  years,  but  bas 
not  been  cultivated  in  Europe  more  than  a century.  This  art 
depends  on  the  action  of  eertain  bodies,  which,  by  chemical 
agency,  permanently  unite  the  colouring  mktter  of  dyeing 


CAL 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


CAL 


materials  to  particular  parts  of  the  cloth.  The  snbstances  1 
which  bind  the  colouring  matters  to  the  faces  of  the  cloth,  arc 
denominated  mordants.  The  mordant  is  applied  to  the  cloth 
by  wooden  blocks,  in  which  the  patterns  arc  carved  in  relief. 
This  effect  is  also  produced  by  inruns  of  u small  brush,  by  sheet 
copper  fixed  in  u block,  lijj.e  filigree  work,  or  by  the  copper- 
plate. When  the  mordant  has  been  applied,  the  cloth  is  made 
completely  dry;  and  washed  in  water,  till  the  thickening  mat-  j 
ter,  and  those  parts  of  the  mordants  uncombined  with  the  | 
cloth,  arc  removed.  After  this,  the  cloth  is  rinsed  in  dean 
water.  It  It  then  dipped  in  the  dye  Honor, by  which  the  whole  ] 
is  dyed.  The  parts  which  have  been  impregnated  in  the  mor- 
dant receive  a brighter  colour  than  those  which  have  not.  The 
colour  of  the  former  is  permanent,  but  that  of  tbe  latter  is 
discharged  by  repeated  washing. 

Calico-printing,  we  have  said,  consists  in  impregnating  those 
parts  of  the  cloth  which  are  to  receive  a colour,  with  a mor- 
dant, and  then  dyeing  it  as  usual  with  some  dye  stuff  or  other,  j 
The  dye  stuff  attnehes  itself  (irmly  to  that  part  of  the  cloth  only  i 
which  has  received  the  mordant.  The  whole  surface  of  the  j 
cotton  is  indeed  more  or  less  tinged,  hut  by  washing  and 
bleaching,  all  the  unmordanted  parts  resume  their  original 
colour,  while  those  which  have  received  the  mordant  retain  it. 
Let  us  suppose,  that  a piece  of  white  cotton  cloth  is  to  receive 
red  stripes;  all  the  parts  where  the  stripes  are  to  appear  are 
pehcilled  over  with  a solution  of  acctite  of  aluininc  ; after 
this,  the  cloth  is  dyed  in  the  usual  manner  with  madder. 
When  taken  out  of  the  dyeing  vessel  it  is  all  a red  colour,  j 
but  by  washing  and  bleaching,  the  madder  leaves  every  part  of 
the  cloth  white,  except  the  stripes  impregnated  with  the  acetite 
of  aluminr,  which  remain  red.  Thus  it  is  obvious,  that  it  is 
not  the  cloth  but  the  mordant  which  has  retained  the  dye.  In 
the  same  manner  may  yellow  stripes,  or  any  other  wished-for 
figure,  be  given  to  cloth,  by  substituting  quercitron  bark,  weld, 
Stc.  for  madder. 

When  different  colours  arc  to  be  given  to  different  parts  of 
the  cloth  at  the  same  time,  it  is  done  by  impregnating  it  with 
various  mordants.  Thus,  if  stripes  he  drawn  upon  n cotton 
cloth  with  acetitc  of  aluminc,  mid  other  stripes  with  acetite  of 
•iron,  and  the  cloth  be  afterwards  dyed  in  the  usual  way  with 
madder,  and  then  washed  and  bleached,  it  will  be  striped  red 
and  browm.  The  same  mordants  with  quercitron  bark,  give 
yellow  and  olive,  or  drab. 

The  mordants  employed  in  calico-printing  arc.  acetite  of 
aluininc,  and  acetite  of  iron.  These  mordants  are  applied  to 
the  cloth,  cither  with  a pencil,  or  by  means  of  blocks.  As  the 
mordants  are  applied  on  to  particular  parts  of  the  cloth,  care 
must  be  taken  that  none  of  them  spread  to  the  part  of  the  doth 
which  is  to  he  left  white,  and  that  they  do  not  interfere  with 
one  another,  when  more  than  one  aro  applied.  It  these  precau- 
tions be  not  attended  to,  all  the  elegance  and  beauty  ct  the  print 
will  he  destroyed. 

It  is  necessary,  therefore,  that  the  mordants  should  be  of 
such  a consistence,  as  not  to  spread  beyond  those  parts  of  the 
cloth  on  which  they  arc  applied.  This  is  done  by  thickening 
them  with  flour  or  starch,  when  they  are  to  be  applied  by  the 
block,;  and  with  gum  arabic,  when  they  are  to  be  put  on  by  a 
pencil.  The  thickening  should  never  be  greater  than  is  suffi- 
cient to  prevent  the  spreading  of  the  mordants;  when  carried 
too  far,  the  cotton  is  apt  not  to  be  sufficiently  saturated  w ith  the 
mordants  ; and  of  course,  the  dye  takes  but  imperfectly.  In 
order  that  the  parts  of  the  cloth  impregnated  with  mordants 
may  be  distinguished  by  their  colour,  it  is  usual  to  tinge  the 
mordants  with  some  colouring  matter  or  other.  The  printers 
commonly  use  the  decoction  of  Brazil  wood  for  this  purpose  ; 
but  the  Brazil  wood  colouring  matter  impedes  the  subsequent 
process  of  dyeing.  The  mordant  should  therefore  be  coloured 
with  some  of  the  dye  stuff  afterwards  to  be  applied,  but  not 
more  than  is  sufficient  to  make  the  mordant  distinguishable 
when  applied  to  the  cloth.  The  reason  is  obvious.  If  too  j 
much  dye  he  mixed  with  the  mordant,  a great  proportion  of  the 
mordant  will  be  combined  with  colouring  matter,  which  must 
weaken  its  affinity  for  the  cloth,  and  of  course  prevent  it  from 
combining  with  it  in  sufficient  quantity  to  ensure  a permanent 
dye.  Sometimes  these  two  mordants  are  mixed  together  in 
different  proportions ; and  sometimes  tine  or  both  is  mixed  with  | 
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an  infusion  of  sumach,  or  of  nut  galls.  By  these  contrivances* 
a great  variety  of  colours  are  produced  by  the  same  dye  stuff. 
After  the  mordants  have  been  applied,  tbe  cloth  is  dried  by 
artificial  heat,  which  contributes  towards  tbe  separation  of  the 
acetous  acid  from  its  base,  and  towards  its  evaporation,  by 
which  the  mordant  continues  iu  a greater  proportion,  and  moro 
intimately  with  tbo  cloth. 

When  the  cloth  is  sufficiently  dried,  it  is  to  be  washed  with 
warm  water  and  cow-dung,  till  all  the  flour,  or  gum,  employed 
to  thicken  the  mordants,  nnd  all  those  parts  of  tbe  mordants 
which  arc  uncombincd  with  the  cloth,  be  removed.  After  this, 
the  cloth  is  thoroughly  rinsed  in  clean  water.  Almost  the  only 
dye  stuffs  employ  ed  by  calico-printers,  are  indigo,  madder,  and 
quercitron  b;irk,  or  weld.  This  Inst  substance,  however,  is  but 
little  used  by  the  printers  of  this  country,  except  for  delicate 
greenish  yellows.  The  quercitron  bark  has  almost  superseded 
it,  because  it  gives  colours  usually  good,  and  is  much  cheaper 
and  more  convenient,  uot  requiring  so  great  a heat  to  fix  it. 
Indigo  not  requiring  any  mordant,  is  commonly  applied  (It 
once,  cither  with  a block  or  a pencil.  It  is  prepared  by  boiling 
together  indigo,  potash  made  caustic  by  quicklime,  and  o’rpi- 
lucnt ; die  solution  is  afterwards  thickened  with  gum.  It  must 
be  carefully  secluded  from  the  air,  otherwise  the  indigo  would 
soon  be  regenerated,  which  would  lender  the  solution  useless. 
Coarse  brown  sugar,  as  a substitute  for  orpiments,  is  equally 
efficacious  in  decomposing  the  indigo,  nnd  rendering  it  soluble; 
while  it  likewise  serves  all  the  purposes  of  gum. 

When  the  doth,  after  being  impregnated  with  the  mordant, 
is  sufficiently  cleansed,  it  is  dyed  in  the  usual  manner,  aud  the 
whole  is  more  or  less  tinged  with  the  dye  staff.  It  is  well 
washed,  and  then  spread  out  for  some  days  on  the  grass,  and 
bleached  with  the  wrong  side  uppermost.  This  carries  the 
colour  off  completely  from  all  pails  of  the  cotton  which  have 
not  imbibed  tbe  mordant,  aud  leaves  tlicni  of  thrir  original 
whiteness,  white  the  mordanted  spots  retain  the  dye  as  strongly 
as  ever. 

We  will  now  give  some  examples  of  the  manner  in  which 
priuters  give  particular  colours  to  calicoes.  Some  calicoes  arc 
only  printed  of  one  colour,  others  have  two,  others  three  or 
more,  even  to  the  number  of  eight,  ten,  or  twelve.  The  smaller 
the  number  of  colours,  the  fewer  in  general  arc  the  processes. 

One  of  the  most  common  colours  on  cotton  prints  is  a kind 
of  nankeen  yellow,  of  various  shades,  down  to  a deep  yellowish 
brown,  or  drab.  It  is  usually  in  stripes  or  spots.  To  produce 
it,  the  printers  besmear  a block,  cut  out  into  the  figure  of  the 
print,  with  aectitc  of  iron,  thickened  with  gam  or  flour;  and 
then  apply  it  to  the  cotton,  which,  after  being  dried  and 
cleaned  in  the  usual  manner, is  plunged  into  a potash  ley.  Tho 
quantity  of  acctite  of  iron  is  always  proportioned  to  the  depth 
of  the  shade.  For  vcllow,  the  block  is  besmeared  with  acetite 
of  aluminc.  The  cloth,  after  receiving  the  mordant,  is  dyed 
with  quercitron  bark,  and  then  blenched.  Bed  is  comntuniralcd 
by  the  same  process,  only  madder  is  substituted  for  tbe  bark. 
Tbe  fine  light  blues  which  appear  so  often  on  printed  cottons, 
are  produced  by  applying  to  the  cloth  a block. besmeared  with 
a composition,  consisting  partly  of  wax,  which  covers  all  those 
parts  of  the  cloth  which  are  to  remain  white.  The  cloth  is  then 
dyed  in  a cold  indigo  vat;  and  after  it  is  dry,  the  wax  compo- 
sition is  removed  by  hot  water. 

Lilac  brown,  and  blackish  brown,  are  given  by  menus  of 
acctite  of  iron  ; the  quantity  of  which  is  always  proportioned 
to  the  depth  of  the  shade.  For  very  deep  colours,  a little 
sumach  is  added.  The  cotton  is  afterwards  dyed  in  the  usual 
manner  with  madder,  and  then  bleached. 

Dove  colour  and  drab,  by  acetite  of  iron  and  qnercitron 
bark.  When  different  colours  aro  to  appear  in  the  same  print, 
a greater  number  of  operations  arc  necessary.  Two  or  more 
blocks  are  employed,  upon  each  of  which,  that  part  of  tho 
print  only  is  cut,  which  is  to  be  of  some  particular  colour. 
These  are  besmeared  with  different  mordants,  ami  applied  to 
tbe  cloth,  which  is  afterwards  dyed  as  usual.  Let  us  suppose, 
for  instance,  that  these  blocks  arc  applied  to  cotton,  one  with 
aectitc  of  alumine,  another  with  acetite  of  iron,  a third  with  a 
mixture  of  those  two  mordants,  and  that  the  cotton  is  then 
dyed  with  quercitron  bark,  and  bleached.  The  parts  impreg- 
nated with  mordants  would  have  the  following  colours,:  -A'-e- 
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tile  of  aluminc,  yd  low  ; acctitc  of  iron,  olive,  drab,  dove ; 
tin*  mixture,  olive  green,  olive. 

If  the  part  of  the  yellow  br  covered  dver  with  the  indigo 
liquor,  applied  with  a pencil,  it  will  be  converted  into  green. 
If  the  same  liquid,  blue  may  be  given  lo  such  parte  of  the  print 
as  require  it.  If  the  cotton  be  dyed  with  madder,  instead  of 
quercitron  bark,  the  print  will  exhibit  the  following  colours: — 
Acctitc  of  aiiitoine,  red;  aectitc  of  iron,  brown,  black ; the  mix- 
ture, purple. 

When  a greater  number  of  colours  are  to  appear;  for  in- 
stance, when  those  communicated  by  bark,  and  those  by  mad- 
der, arc  wanted  at  the  same  time,  mordants  for  part  of  the 
pattern  arc  to  be  applied ; the  cotton  is  then  to  be  dyed  in  the 
madder  bath,  and  bleached  ; then  the  rest  of  the  mordants,  to 
fill  up  the  pattern,  arc  added,  and  the  cloth  is  again  dyed  with 
quercitron  bark,  and  bleached.  The  second  dyeing  docs  not 
much  affect  the  madder  colours;  because  the  mordants,  which 
render  them  permanent,  are  already  saturated.  The  yellow 
tinge  is  easily  removed  by  the  subsequent  bleaching.  Some- 
times a new  mordant  is  also  applied  to  some  of  the  madder 
colours,  in  consequence  «f  which,  they  receive  a new  permn-  ; 
nenl  colour  fioni  the  bark.  After  the  last  bleaching,  new  , 
coloqts  may  be  added  by  means  of  the  indigo  liquor.  The 
following  table  will  give  an  idea  of  the  colours  which  may  be 
given  to  cotton  by  these  complicated  processes. — 1.  Madder  t 
Dye.  Acctitc  of  aluminc,  red;  acetite  of  iron,  brown,  black; 
ncetite  diluted,  lilac  ; both  mixed,  purple.— 2.  Dark  Dye.  Ace- 
tito  of  aliitiitne.  yellow  ; acctitc  of  iron,  dove,  drab;  lilac  and 
acctitc  of  aluminc,  olive;  red  and  acctitc  of  aluminc,  orange. 
— 3.  Indigo  Dy* . Indigo,  blue:  indigo  and  yellow,  green. 

1 bus  no  less  than  twelve  colours  may  be  made  to  appear 
together  in  the  satuc  print,  by  these  different  processes.  These 
instances  w ilt  serve  to  give  the  reader  an  idea  of  the  uaturc 
of  calico-printing,  and  at  the  same  timo  afford  an  excellent 
illustration  of  the  importance  of  mordants  in  dyeing. 

Were  it  possible  to  procure  colours  sufficiently  permanent, 
by  applying  them  at  once  to  the  clolh  by  the  block  or  the  pen- 
cil, as  is  the  ease  with  the  mordants,  the  art  of  calico-printing 
would  be  brought  to  the  greatest  simplicity;  but  nt  prrsent 
this  can  only  be  done  in  one  case,  that  of  indigo;  every  other 
colour  reqnirej  dyeing.  Compositions,  imbed,  may  be  made, 
by  previously  combining  the  dye  stuff  mid  the  mordants.  Thus 
yellow  may  be  applied  at  once,  by  employing  a mixture  of  the 
infusion  of  quercitron  bark  and  acctitc  of  aluminc,  red,  by 
mixing  the  same  mordant  with  the  decoction  of  aluminc,  and 
so  on.  The  colours  applied  in  this  way,  arc,  unfortunately,  far 
inferior  in  permanency  to  those  produced  when  the  mordant 
is  previously  combined  with  the  cloth,  and  the  dye  stuff  after- 
wfai'Jft  applied  separately.  In  this  way  arc  applied  almost  all 
the  fugitive  colours  of  calicoes,  which  washing,  or  even  expo- 
sure to  tin4  air.  destroys. 

CALIPPIC  Period,  in  Chronology,  n period  of  70  years, 
continually  recurring,  after  which  it  was  supposed  by  Calippus, 
that  the  lunations,  Ike.  of  the  moon  would  return  again  in  the 
same  order;  winch,  however,  is  not  exact,  as  it  brings  them 
too  late  by  a day  in  225  years. 

CALOMEL,  dulcified  sublimate  of  rarreory,  is  a combina- 
tion of  mercury  with  muriatic  acid  ; called  also  tub-muriate  of 
mercury. 

CALORIC,  in  Chemistry,  a modern  term  introduced  info 
philosophy,  to  denote  that  substance,  by  the  influence  of  which 
arc  produced  nil  the  phenomena  of  heat,  and  which  was 
formerly  distinguished  by  the  term  igneout  Jiuid,  matter  of  beat, 
and  other  analogous  demonstrations. 

Heat,  considered  as  a sensation,  or,  in  other  words,  sensible 
beat,  is  only  the  elfoct  produced  upotiour  organs  by  the  motion 
of  caloric,  disengaged  from  surrounding  bodies.  To  illustrate 
this,  let  us  observe,  that  in  general  wc  receive  the  impression 
only  in  consequence  of  motion,  and  it  miglit  be  established  as 
an  axiom,  that  without  motion  there  is  no  sensation.  This 
general  principle  applies  very  accurately  to  the  sensations  of 
heat  and  cold.  When  wc  touch  a cold  body,  the  caloric,  which 
always  exerts  itself  to  attain  an  equilibrium  in  all  bodies, 
passes  front  our  band  into  the  body  wc  touch,  and  give  us  the 
feeling  or  sensation  of  cold.  The  contrary  happens  when  we 
touch  a warm  body ; the  caloric  then,  in  passing  from  the 


body  into  our  baud,  produces  the  sensation  of  beat.  If  the 
hand  and  the  body  it  touches  be  of  the  same  temperature,  or 
very  nearly  io,%  e receivc.no  impression  of  either  heat  or  cold, 
because  there  is  no  motion  or  passage  of  caloric.  When  the 
thermometer  rises,  it  shews  that  the  free  caloric  is  entering 
into  the  surrounding  bodies.  The  thermometer,  which  is  one  of 
these,  receives  it  in  proportion  to  its  mass,  and  to  the  capacity 
w hich  it  possesses  fur  containing  ealori(.  Free  calorie  is  that 
which  is  not  combined  in  any  manner  with  any  body.  But  as 
wc  live  in  a system,  to  the  matter  of  which  caloric  has  a very 
strong  affinity,  we  arc  never  able  to  obtain  it  in  a state  9f 
absolute  freedom. 

Combined  Caloric  is  that  which  is  fixed  in  bodies  by  affinity, 
or  elective  attraction,  so  as  to  form  part  of  the  substance  of 
the  body. 

Spceifc  Caloric.  By  the  expression  of  specific  caloric  of 
bodies,  we  understand  the  respective  quantities  of  caloric 
requisite  for  raising  a number  of  bodies,  of  the  same  weight,  to 
an  equal  degree  of  temperature.  This  proportional  quantity  of 
caloric  depends  upon  the  distance  between  the  constituent 
particles  of  bodies  and  their  greater  or  less  degree  of  cohesion  ; 
and  this  distance,  or  rather  the  space  or  void  resulting  from  it, 
is  called  the  capacity  of  bodies  for  containing  caloric.  Caloric 
is  the  cause  of  fluidity  and  of  vapour. 

Bodies  which  transmit  calorie  easily,  are  called  conductors 
of  caloric;  and  according  to  the  power  of  doing  this,  thoy  arc 
termed  good  or  bad  conductors.  Those  which  do  not  transmit 
beat  at  all,  or  with  great  difficulty,  are  called  non-conductors. 
The  best  conductors  of  heat  are  metals,  and  the  best  non-con- 
ductors of  fluids  arc  water  and  air.  Charcoal  is  also  con- 
sidered as  a non-conductor.  Heat  is  produced  by  collision, 
friction,  chemical  action,  the  solar  rays,  electricity,  galvanism, 
&c.  The  instruments  for  measuring  its  intensity  arc  called 
Pyrometers.  Set  Fire. 

CALX,  lime,  but  a dignified  title  for  any  powder  remaining 
after  burning  a metal ; and  bemuse  in  burning  the  metal 
imbibes  oxygen,  and  tbc  powder  from  it  becomes  heavier  than 
the  metal  was  before,  all  metallic  calces  arc  now-a-days  called 
o xidet.  and  rust  is  also  an  oxide. 

CAMULET,  a stuff  made  of  wool,  hair,  or  silk,  and  some-' 
times  of  all  these  mixed. 

CAMBRIC,  a species  of  linen  made  of  flax,  very  fine  and 
white,  deriving  its  uaiue  from  Catnbrav,  in  France,  where  this 
cloth  w as  fust  made. 

CAMEL  is  the  name  given  to  a machine,  employed  by  the 
Dutch  for  carrying  vessels  heavily  laden  over  the  sandbanks 
in  tiie  Zuydcr-Zrc.  In  that  sea,  opposite  to  the  mouth  of  the 
river  Y.  about  six  miles  from  the  city  of  Amsterdam,  there  arc 
two  sandbanks,  between  which  is  a passage  called  the  Pain- 
pus,  sufficiently  deep  for  small  vessels,  but  nut  for  those  which 
arc  largo  and  heavily  laden.  On  this  account,  ships  which  are 
outward  bound  take  in  before  the  city  only  a small  part  of 
their  cargo,  receiving  the  rest  when  they  have  got  through  the 
Pnmpus.  And  those  that  are  homeward  bound  must,  in  a 
great  measure,  unload  before  they  enter  it.  For  this  reason, 
the  goods  arc  put  into  lighters,  and  in  these  transported  to  the 
warehouses  of  the  merchants  in  the  city ; and  the  large  vessels 
arc  then  made  fast  to  boats  by  means  of  ropes,  and  in  that 
manner  towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle  of  the 
sixteenth  century,  by  forbidding  ballast  to  be  thrown  into  the 
Pampas,  to  prevent  the  further  accumulation  of  sand  in  this 
passage,  that  inconvenience  increased  so  much  from  other 
onuses  as  to  Occasion  still  greater  obstruction  to  trade  ; and  it 
at  length  became  impossible  for  ships  of  war.  and  others  heavily 
laden,  to  get  through  it.  About  the  year  1672  no  other  remedy 
was  known  than  that  of  making  fast  to  the  bottoms  of  ships 
large  chests  filled  with  water,  which  was  afterwards  pumped 
out ; so  that  the  ships  were  buoyed  up,  and  rendered  sufficiently 
light  to  pass  the  shallow.  By  this  method,  which  was  attended 
with  the  utmost  difficulty,  the  Dutch  carried  out  their  numerous 
fleet  to  sea  in  the  above-mentioned  year.  This  plan,  however, 
gave  rise  soon  after  to  the  invention  of  the  camel,  by  which 
the  labour  was  rendered  easier. 

The  camel  consists  of#  two  half  ships,  constructed  in  such  a 
manner  that  they  can  be  applied  below  water,  on  each  side  of 
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the  .hull  of  a large  vessel.  On  the  deck  of  each  part  of  the 
camel  arc  a great  many  horizontal  windlasses,  from  which 
ropes  proceed  through  apertures  in  the  one  half,  and,  being 
carried  under  the  keel  of  the  vessel,  enter  similar  apertures  in 
the  other,  from  which  they  are  conveyed  to  tho  windlasses  on 
its  deck.  When  they  arc  to  be  used,  as  much  water  as  may 
be  necessary  is  suffered  to  run  into  them  ; all  the  ropes  arc 
cast  loose,  the  vessel  is  conducted  between  them,  and  large 
beams  are.  placed  horizontally  through  the  port  holes  of  the 
vessel,  with  their  ends  resting  on  the  camel  on  each  side. 
When  the  ropes  arc  made  fast,  so  that  the  ship  .is  secured 
between  the  two  parts  of  the  camel,  tlic  water  is  pumped  from 
them,  by  which  means  they  rise,  and  float  the  ship  with  them. 
Each  half  of  the  camel  is  about  130  feel  long,  ami  22  to  13 
feet  broad.  Thu  hold  is  divided  into  several  compartments, 
that  t^e  machine  may  be  kept  in  cquiiibrio  while  the  water  is 
flowing  into  it.  A vessel  drawing  15  fret  water,  can  be  made 
to  draw  only  1 1 by  the  camel ; and  ships  of  war  of  100  guns, 
can  be  raised  to  pass  without  grounding  the  shallow  banks  of 
the  Zuyder-Zec.  Tho  Russians*  employ  similar  machines  to 
float  vessels  built  in  the  Neva,  over  the  intermediate  sand- 
banks. Camels  arc  also  used  at  Venice. 

CAMELOPARDALIS.  The  Camelopard  is  a modern  con- 
stellation, that  has  been  formed  by  Hevelius.  Its  boundaries 
and  contents  are : north  by  the  pole  of  the  world,  cast  by 
Ursa  Major  and  Lvnx.  south  by  Perseus  and  Auriga,  and  west 
iiy  Perseus,  Cassiopeia,  and  Tarandus  ; right  ascension  U8°. 
declination  70°  north.  It  consists  of  68  small  stars,  five  of  the 
fourth  magnitude,  and  the  rest  smaller.  The  most  conspicuous 
star  is  nearly  on  the  Arctic  Circle,  on  the  near  hind  thigh. 
;’bis  constellation  extends  from  Auriga  to  tho  North  Pole,  by 
which  position  it  eau  be  the  better  traced  in  the  heavens. 

CAMERA  Lucid*,  or  Light  Chamber,  a contrivance  of  Dr. 
Hook,  to  make  the  image  of  any  object  appear  on  a wall,  in  a 
light  room,  either  by  day  or  night.  l>r.  Wollaston  has  recently 
invented  a portable  instrument  for  drawing  iu  perspective,  to 
which  he  has  given  the  name  of  camera  lucida. 

Camera  Obscura,  or  Dark  Chamber,  in  Optics,  a machine  or 
apparatus,  so  constructed,  that  principally  by  means  of  a con- 
vex glass,  or  a convex  glass  and  plane  mirror,  the  images  of 
external  objects  are  represented  on  a rough  ground  plane 
glass,  white  paper,  or  other  surface,  in  the  most  vivid  and 
distinct  manner,  with  all  their  natural  colours,  motions,  Ac. 

Tl)c  use  of  the  Camera  Obscura  is  various:  it  assists  very 
much  mi  explaining  the  nature  and  rationale  of  vision;  and 
hence  by  some  it  has  hern  compared  to  an  artificial  eye.  It 
exhibits  the  most  striking  and  entertaining  representations  of 
objects  of  all  descriptions,  whether  near  or  distant,  in  their 
true  perspective ; the  colouring  just  and  natural,  their  light  and 
shadows  correct,  and  all  their  motions  and  relative  positions 
according  to  the  original.  Iiy  means  of  this  instrument,  a per- 
son, however  unacquainted  with  drawing,  may  delineate  objects 
with  great  facility  and  correctness ; and  to  the  skilful  artist  it 
will  hq  fuund  indispensably  useful  in  comparing  his  sketches 
with  the  perfect  representations  given  in  the  camera;  and  by 
observing  bis  defective  imitations,  he  may  correct  as  much  as 
possible  his  designs. 

The  theory  of  the  Camera  Obscura  will  be  readily  compre- 
hended from  the  annexed  figure,  in 
which  the  object  A B radiates  through 
a small  aperture,  C,  upon  a white 
wall  opposite  to  it.  and  if  the  place 
of  radiation  behind  the  aperture 
b C a be  dark,  the  image  of  the  object 
will  be  painted  on  the  wall,  in  an 
inverted  position ; for  the  aperture 
C being  very  small,  the  rays  issuing  from  the  point  B will  fall 
on  b ; those  from  points  A and  1)  will  fail  on  a and  d ; where- 
fore. since  the  rays  issuing  from  the  several  points  are  not  con- 
fou  tided.  they  will  by  reflection  exhibit  its  appeal aflee  on  the 
wall.  But  since  tlic  rays  A C and  B C intersect  each  other  in 
the  aperture,  and  the  rays  from  the  lowest  points  fall  on  the 
highest,  the  situation  of  the  object  will  of  necessity  be  inverted. 


* It  was  introdaeed  into  Huitin  by  Peter  Ibe  Great,  who  obtained  tie 
mod  1 1 of  one,  whrn  bo  worked  in  Holland  as  a cowmou  abip-earpcolor. 
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If  the  wall  where  the  object  is  delineated  he  parallel  to  it.  a b : 
A B : : dC  : DC,  that  is,  the  height  of  Hie  image  will  he  to 
the  height  of  the  object,  as  the  distance  of  the  image  from  the 
aperture  is  to  the  distance  of  the  object  from  the  same. 

To  conttruel  a permanent  Camera  Obscura. — 1.  Darken  a 
chamber,  one  of  whose  windows  looks  into  a place  set  with 
various  objects;  leaving  only  a little  aperture  open  in  ‘ one 
shutter.  2.  In  this  aperture  fit  a lens,  either  plano-convex,  or 
convex  on  both  sides,  so  as  to  be  a portion  of  a large  sphere. 
3.  At  a due  distance,  to  be  determined  by  experience,  spread 
a paper,  or  white  cloth,  unless  there  be  a white  wall  for  tho 
purpose  ; for  on  this  the  images  of  the  desired  objects  will  bo 
delineated  invertedly.  4.  If  it  be  rather  desired  to  have  them, 
appear  erect,  it  is  done  either  bv  means  of  a concave  lens 
placed  between  the  centre  and  the  focus  of  the  first  lens ; or 
by  receiving  the  image  on  a plane  speculum  inclined  to  tho 
horizon:  under  an  angle  of  45° ; or  by  means  of  two  lenses 
included  in  a drawtuhe,  in  lieu  of  one. — N ote.  If  the  nperture 
do  not  exceed  the  size  of  a pea,  the  objects  w ill  be  represented, 
even  though  no  lens  be  used. 

That  the  images  be  clear  and  distinct,  it  is  necessary  that  the 
objects  he  illuminated  by  the  sun's  light  shining  upon  them 
from  the  opposite  quarter;  so  that,  in  a western  prospect,  tlm 
images  will  lie  heat  seen  in  n forenoon;  an  eastern  pros- 
pect, the  afternoon;  and  a northern  prospect,  about  noon:  a 
southern  prospect  is  the  least  eligible  of  any.  But  the  best  way 
is  to  have  the  lens  fixed  in  a proper  frame,  on  the  top  of  a 
building,  and  made  tn  move  easily  round  in  all  directions,  by  a 
handle  extended  tn  the  person  who  manages  the  Instrument  ; 
the  images  bring  then  thrown  down  lnto*a  dark  room  imme- 
diately below  it.  upon  a horizontal  round  plaster *of  Paris 
ground  : for  thus  a view  of  all  the  objects  quite  around  may 
easily  be  taken  in  the  space  of  a few  minutes;  as  is  the  case 
of  tho  excellent  Camera  Obscura  placed  on  the  top  of  the 
royal  observatory  at  Greenwich,  and  with  a very  good  one 
made  by  Holroyd  of  Leeds,  in  which  tlic  images  are  received 
on  a table  of  more  than  six  feet  diameter, 

A very  simple  portable  Camera  Obscura  is  represented  in 
^ r _ the  annexed  figure.  A BCD 

. ~ t;-r  ' is  a small  rectangular  box, 

l\ L * >J->  n its  length  bejng  about  20  or 

L i.l  } ./$  j 24  inches,  and  its  breadth 

| ~7"~;  y ^ ■ / \ about  10  inches.  This  box  is 

^ _ ~~~  '/-j/  | closed  on  nil  sides,  except 

• \i  £sj/  \|  the  space  EFC  D,  which  is 

u c covered  with  a piece  of  ground 

glass,  or  transparent  paper. 
In  the  other  end,  AD,  h a moveable  tube,  L,  with  a proper 
lens,  and  E I H D is  a plane  reflecting  mirror  (act  at  an  angle  of 
45°)  which  Intercepts  the  rays  Pp,  Qq,  &c.  proceeding  from 
tho  object  P Q,  which  arc  thence  reflected  upon  the  transparent 
skreen  EFGD,  where  the  image  of  the  object  will  be  painted 
in  its  natural  colours,  hut  in  an  inverted  position,  asQP; 
which,  however,  may  he  obtained  erect,  by  the  introduction  of 
proper  lenses  in  the*  tube  L. — Note.  That  a shade  is  necessary 
to  keep  ofl'  the  external  light  from  the  skreen  EFGD,  which 
is  commonly  effected  by  having  tho  box  covered  with  a hori- 
zontal lid,  under  which  are  two  wings  which  open  at  right 
angles  to  each  side  of  it.  Various  other  forms  are  given  to 
this  instrument. 

CAMP,  the  ground  on  which  an  army  pitch  their  tents.  The 
Roman  camp  was  a square,  fortified  with  a ditch  and  pdrapet, 
and  sometimes  with  walls  of  hewn  stone,  the  tents  thomsclvcs 
being  formed  of  the  same  material. 

CAMPHOR  A,  or  Campuirk,  a solid  concrete  substance 
ex'ractcd  from  the  wood  of  the  laanu  camphor  a,  is  white,  pel- 
lucid. unctuous  to  the  touch,  of  a bitter  aromatic  taste,  and 
smells  like  rosemary.  As  a medicine,  it  is  useful  in  fevers, 
and  all  malignant  distempers.  From  experiments  on  brutes, 
catnphire  is  proved  to  he  poisonous. 

CAMUS,  Charles  Stephen  Lewis,  a celebrated  French 
mathematician,  born  at  Creasev  in  Brie,  August  25,  1009;  died 
17GH,  in  the  sixty-ninth  year  of  his  age. 

CANAL,  an  artificial  cavity  in  the  earth,  filled  with  water,  to 
afford  an  easy,  speedy,  and  cheap  conveyance  of  goods.  Ace.  io 
boats  and  vessels,  from  one  part  of  a country  to  another. 
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Numerous  circumstances  contribute  to  facilitate  or  re- 
tard operations  in  canal-making  ; as,  the  situation  and  cha- 
racter of  the  ground  and  country,  the  vicinity  and  connex- 
ion of  rivers.  Hut  the  great  business  is  the  construction  of  the 
Locks,  or  Basons.  lined  with  walls  of  masonry,  and  hoilt 
where  the  ground  is  billy.  The  principle  of  a lock  is  this ; 
Hupposc  a declivity  of  10  feet  in  a length  of  50  yards  of  ground. 
Then  we  must  construct  a bason,  with  n flood-gate,  so  that 
when  filled  with  water  from  above,  it  may  permit  the  vessel  to 
pass  on  along  the  upper  channel  of  the  canal.  A fall  of  I?  feet 
would  require  two  locks ; a fall  of  20  feet,  three  locks,  each 
having  8 feet  8 inches  fall.  All  these  operations  proceed  on 
.the  principle  of  continuing  levels  to  given  points,  and  by  arti- 
ficial means  floating  a boat  some  8 feet  perpendicularly,  when 
we  cannot  proceed  further  with  the  level,  in  order  that  she  may 
sw  im  in  another  superior  level,  and  vice  versa. 

The  Form  of  Lochs,  should  approach  us  nearly  as  possible  to 
the  figure  of  the  boats  that  are  to  navigate  them.  The  width 
must  only  exceed  that  of  the  boat  by  a space  sufficient  to  work 
the  gates.  A rectangle  is  therefore  the  most  natural  figure, 
because  it  consumes  the  smallest  quantity  of  water,  is  filled 
nnd  emptied  in  the  shortest  time,  and  is  constructed  at  the 
least  expense. 

The  /.myth,  Depth,  ami  Breadth  of  Lochs,  ought  also  to  he 
regulated  by  the  form  of  tire  boats,  which. are  generally  long 
and  narrow,  with  flat  bottoms.  Narrow  lock-gates  arc  more 
easily  worked  than  broad  ones,  and  narrow  boats  are  more 
easily  drawn  than  thoso  which  arc  wider  and  shorter. 

Iltservoirt  or  Basins,  must  be  resorted  to  wherever  a double 
lockage  is  unavoidable,  from  undulations  in  the  line  of  naviga- 
tion. These  basins  should  collect  the  flooded  waters  from  an 
ample  surface  of  country,  and  be  so  high  as  to  enable  all  the 
water  they  contain  to  be  drawn  into  the  summit  of  the  canal. 
They  should  contract  towards  their  lower  extremity,  so  as  to 
Tcquire  a comparatively  short  embankment  or  bead,  which 
should  be  placed  upon  a substantial  foundation.  Reservoirs 
must  not  leak.  The  dimensions  of  their  embankments  must  be 
regulated  by  the  nature  of  the  materials.  „ 

For  the  theory  and  practice  of  Canal  Cutting,  with  Plans  of 
Locks  on  the  most  celebrated  canals,  sec  Inland  Navigation. 

Canal  Embankment. — Since  the  pressure  of  any  fluid  is 
proportional  meYcly  to  the  depth  below  the  surface,  the  strain 
borne  by  a sluice  on  the  sides  of  a canal  must  increase  uni- 
formly from  the  top  to  the  bottom.  The  centre  of  pressure  is 
hence  not  in  five  middle,  hot  at  one-third  of  the  entire  jiltitudc. 
To  this  point,  therefore,  if  moro  strength  be  wanted,  (be  addi- 
tional prop  should  be  applied. 

If  water  be  conliued  in  a canal  or  basin  by  a wall  ot  em- 
bankment, the  thickness  of  the  dike  must  increase  regularly  in 
proportion  to  its  depth.  Tho  adhesion  of  any  materials,  or 
their  resistance  to  a horizontal  thrust,  may  he  estimated  as  a 
certain  proportion  of  their  weight,  commonly  the  half  or  the 
third  part.  Let  A U be 
the  height  of  tbc  wall,  and 
make  its  density  to  three 
times  that  of  water,  as  A B 
to  BC,  and  join  AC,  which 
will  represent  the  proper 
dope.  I f the  dike  be  com- 
posed of  stones  or  bricks, 
the  base  BC  must  he  at 
least  equal  to  the  altitude 
A B ; but  if  it  consists  of 
earth,  B C should  he  one 
half  more.  When  the  em- 
bankment is  formed  of  earth,  its  side  must  not  be  perpendi- 
cular ; it  should  form  an  inclined  plane,  not  exceeding  36 
degrees,  or  the  angle  of  reyose,  lest  the  softened  parts  should 
ulide  down  ; the  outside,  being  more  solid,  may  be  steeper. 

The  Construction  of  Lochs  or  Flood  Gates.—  In  canal  naviga- 
tion, a boat  is  raised  from  a lower  to  a higher  level  by  a series 
«rf  locks,  a portion  of  the  water  somew  hat  exceeding  the  length 
t*f  tho  vessel  being  enclosed  at  the  sides  by  walls,  and  at  both 
ends  by  masonry,  and  opposite  flood-gates.  As  soon  as  it 
passes  these  gates,  they  are  shut  behind  it;  and  a small  lateral 
or  superior  sluice  being  opened,  tho  water  rushes  into  tho 


enclosure,  and  quickly  mounts  to  the  higher  level,  thus  enabling 
the  vessel  again  to  proceed.  A similar  operation  is  perforAied 
at  each  successive  lock.  In  descending  the  canal,  the  pro- 
cedure is  exactly  reversed,  tho  water  contained  in  the  scries  of 
enclosures  being  allowed  to  flow  out,  and  thus  lower  by  degrees 
the  level  of  the  boat. 

The  flood-gates  arc  contrived  to  shut  at  a certain  angle.  If 
this  angle  hr  very  acute,  they  sustain  too  great  a pressure,  and 
yet  close  feebly.  Let  A C 
and  B 0 represent  lha 
flood-gates  of  a canal, 
which  are  opened  by  help 
of  the  extended  arms  AE 
and  B F.  When  shut,  the 
gate  AC  is  pressed  at  right 
angles  by  the  water,  with 
a force  as  AC  itself,  which, 
from  the  principle  of  the 
lever,  must  exert  a per- 
pendicularclfortatthc  end 
C,  us  the  square  of  A C.  The  thrust  thence  produced  in  the 
direction  A B will  be  as  A C X CD,  and  will  encounter  an  equal 
nnd  opposite  thrust  from  the  gate  BC.  These  l»o  forces  con- 
stitute the  power  which  closes  the  gates.  The  force  with  which 
they  are  made  to  cohere,  thus  increasing  with  AC  and  CI)t 
must  augment  rapidly  when  tbc  angles  U AC  and  ABC  aro 
enlarged,  or  their  mutual  inclination  A C B becomes  diminished. 

If  the  angle  A C B were  very  obtuse,  those  conjoined  gates 
would,  like  a low  roof,  occasion  a great  thrust  against 
tbc  walls  of  the  caual,  or  the  centres  of  the  gates  at  A and  B. 

AC*  x AD 

The  thrust  in  the  direction  C A might  be  shown  to  be  - — ^ • 

it  will  hence  be  easy  to  determine  the  angle  ACB,  with  the 
centres  of  the  flood-gates  wbieb  suffer  the  smallest  strain  ; for 
A C* 

A C being  constant,  -^p-must  be  a minimum.  But  this  quan- 
tity is  evidently  the  diameter  of  a circle  circumscribing  the 
triangle  ACB;  and  since  the  least  circle  is  that  described 
about  the  point  C,  the  angle  AC  B,  at  which  the  gates  lock, 
should  be  a right  angle. 

CANCER,  the  Crab,  a,  is  tho  first  of  the  summer  signs, 
which  the  sun  enters,  according  to  the  fixed  zodiac  of  the  astro- 
nomers, on  the  21st  of  June,  introducing  the  first  day  ef  sum- 
mer, and  the  longest  day  in  the  northern  hemisphere, — the 
middle  of  day  at  tbc  north  pole,  and  the  middle  of  night  at  the 
south  pole.  Agreeably  to  the  moveable  zodiac  of  nature,  the 
sun  enters  this  sign  July  the  10th.  The  sun,  on  June  21st,  is 
at  his  greatest  north  declination,  and  is  vertical  to  the  tropic 
of  Cancer.  The  earth,  at  this  season,  has  entered  Capricorn, 
and  the  sun  is  intermediate  between  the  earth  and  the  Celestial 
Crab.  And  on  this  aocount  the  north  pole,  which  has  now  its 
greatest  inclination  to  the  sun,  enjoy*  perpetual  day.  The 
(ropic  of  Cancer  is  in  the  light  from  6 in  the  morning  till  7 at 
night ; the  parallel  of  London  from  a quarter  before  4 till  a 
quarter  after  8,  and  the  polar  circlo  just  touches  the  dark,  so 
that  the  sun  has  only  the  lower  half  of  his  disk  hid  from  the 
inhabitants  on  that  circle,  for  a few  minutes,  abont  midnight. 
Thus  do  we  account  for  summer  in  the  northern  regions  of  the 
earth. — The  boundaries  and  contents  of  this  constellation  arc  : 
on  the  north  by  Lynx,  east  by  Leo,  south  by  Hydra,  and  west 
by  Gemini.  There  are  83  stars  in  this  si^n.  nx.  seven  of  the 
4lh  magnitude,  and  the  remainder  of  inferior  magnitudes. 
a Canccris,  near  the  eastern  extremities  of  the  great  southern 
claw,  having  13°  31'  0*  north  declination,  and  132°  O'  20*  of 
right  ascension,  rises  nearly  E.N.E.  at  London,  and  rises  and 
culminates  as  follows : Meridian  Altitude,  61°  & (f. 


Month. 

Rises. 

1 CCLM. 

Month.  I 

Risks.  I 

Culm. 

ho.  mi. 

bo.  mi. 

ha.  mi. 

bo.  mi. 

Jan. 

7 14  A. 

2 0 M. 

J«ij 

7 0 M. 

2 15  A. 

Feb. 

4 SO  A.  | 

11  SO  A. 

Aug.  | 

5 0 If. 

12  TO  A. 

Mar. 

i 10  A. 

10  10  A. 

Sept.  1 

3 5 M. 

10  10  M. 

April 

i 15  A. 

8 15  A. 

Oct  1 

1 15  M. 

h 15  M. 

May 

11  20  M. 

6 SO  A. 

Nov. 

11  25  A. 

6 20  M 

Jana 

, 0 7 M. 

4 15  M.  , 

Dec.  , 

9 20  A. 

4 20  M. 
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CANDY,  or  Sugar  Ca-ndy,  ia  sugar  melted  and  crystallized 
six  or  seven  times  over,  till  it  is  rendered  hard  and  transparent. 

CANES  Venatici,  the  Hounds  or  Greyhounds,  a northern 
constellation.  These  two  dogs  are  farther  distinguished- by  the 
names  Asttrion  and  Chant. 

CANICULAR,  the  name  formerly  given  to  the  constellation 
Canis  Major;  and  the  same  was  also  sometimes  applied  to  the 
star  Sirius,  whence  the  Canicular  Days. 

Canicular  Days,  or  Dog-Days,  denote  properly  a certain 
number  of  days  which  precede  and  follow  the  heliacal  rising  of 
Canicular,  or  the  Dog-star,  in  the  morning ; which  were  formerly 
the  days  of  the  greatest  heat.  The  ancients  imagined  that  this 
star,  rising  as  above,  was  the  cause  of  the  hot  sultry  weather 
common  at  that  season,  as  well  as  of  the  distempers  which 
usually  followed  them,  and  somewhat  of  a similar  notion  still 
prevails  in  many  of  the  remote  parts  of  this  country,  even  to 
the  present  day.  The  dog-days  were  commonly  reckoned  at 
about  forty  ; nr.  twenty  before,  and  twenty  after  the  heliacal 
rising  of  Sirius  ; and  in  the  almanacks,  were  usually  accounted 
absolutely  from  this  circumstance,  which  in  couscquence  of 
the  precession  of  the  equinoxes  brought  them  into  the  months 
of  June  and  July,  instead  of  Joly  and  Aogust : an  alteration, 
however,  has  been  made  in  this  respect  within  a few  years  ; 
and  they  are  now,  without  any  regard  to  the  rising  of  Sirius, 
accounted  from  July  3 to  August  II  ; these  being  considered 
the  hottest  days  of  the  year. 

Canicular  Year,  denotes  the  Egyptian  natural  year;  which 
was  computed  from  one  heliacal  rising  of  Canicular  to  another. 

CANIS  MAJOR,  the  Great  Dog,  a constellation  in  the 
heavens,  is  fabled  to  have  been  one  of  Orion’s  hounds ; the 
other  w'as  Canis  Minor ; for  Orion,  llootcs,  and  Sagittarius 
were  denominated  Hunters  among  the  constellations  : but  some 
writers  of  ancient  story  tell  If,  that  the  sagacious  Mtera.  which 
discovered  to  Erigone  the  burial  place  of  her  murdered  father 
Icarius,  was  changed  into  one  of  the  celestial  dogs.  The  true 
account  of  Canis  Major,  and  which  has  obtained  the  credence 
of  mankind,  is,  that  it  represents  the  Egyptian  god  Anubis. 
The  people  of  Eppt  judged  of  the  swelling  of  the  Nile  by  the 
rising  of  the  brilliant  in  this  constellation,  and  hence  they 
represented  it  by  the  figure  of  a dog,  this  animal  being  the  most 
watchful  and  faithful  of  the  brute  creation.  The  Dog  Star, 
Latrator  Anubis,  is  vertical  on  the  30th  of  June,  when  the  Nile 
overflows.  Indeed,  Canis  Major  seems  to  have  bad  the  same 
relation  to  the  Nile  that  Cerberus  had  to  tbe  sun  ; and  Porphy- 
ry, who  w as  well  versed  in  the  mythology  of  the  ancients,  says, 
Cerberus  was  described  with  three  heads,  in  reference  to  the 
rising,  the  meridian  altitode,  and  tbe  setting  of  tbe  sun.  The 
triple  bust  of  the  Hinda  deity  exhibits  to  us  in  one  compound 
figure  an  hieroglyphic  of  tbe  solar  god,  haviug  ft  perfect  resem- 
blance to  Cerberus.  At  night,  and  in  the  west,  the  sun  is  Vish- 
non  ; he  is  Hrahma  in  'the  east,  and  in  the  morning ; from  noon 
to  evening  be  is  Seeva. — The  boundaries  and  contents  of  this 
oonstellntion  are  : on  the  north  by  Monoeeros,  cast  and  south 
by  Argo  Navis,  and  west  by  Columba  Noachi  and  Lcpus.  In 
this  constellation  there  are  sixty-four  stars,  of  which  the  bril- 
liant Sirius  is  of  the  1st  magnitude,  two  of  the  2d,  four  of  tbe 
3d,  four  of  the  4th,  &c.  Sirius  in  size  and  colonr  resembles 
the  planet  Jupiter  more  than  any  of  the  other  fixed  stars,  and 
has  thence  been  supposed  to  be  nearer  our  earth  than  Arcturns, 
CapeIJa,  Vega,  Spica,  or  Aldebaran.  The  right  ascension  of 
Sinus  for  1820  was  99°  18*  10* ; and  the  declination  10°  Qtf  11“ 
south.  It  rises  at  London  on  the  S.  B.  by  E.  I B.  point  of  the 
compass  nearly ; and  rises  and  culminates  as  in  the  following 
table,  for  the  1st  of  every  month:  Meridian  Altitude  22°  9'  49". 


Month. 

Rises. 

ho.  u-.i. 

CCLM.  1 
bo.  mi. 

Month. 

Rises,  i 
bo.  mi. 

| Culm, 

1 ho.  mi. 

Jin. 

7 28  A. 

11  49  A. 

July 

7 18  M. 

It  53  M. 

Feb. 

5 5 A. 

9 37  A. 

Aog. 

5 io  m.  ; 

9 22  M. 

Mar. 

* 27  A. 

7 48  A. 

8*p4.  1 

* 24  M. 

7 54  M. 

April 

1 20  A. 

5 55  A. 

Oct. 

1 38  M. 

6 6 M. 

May 

11  27  M.  1 

4 4 A. 

Nov. 

11  40  A. 

4 10  M. 

Jo  nr  | 

» ST  M- 

2 2 A. 

Dec. 

0 42  A. 

2 6 M. 

CANIS  MINOR,  the  Little  Dog,  is  said  to  be  the  type  of 
one  of  the  beadles  in  Orion’s  paqk,  or  it  is  from  tbe  kennel  of 
Bootes,  or  it  is  the  Sagacious  cur  y'cleptd  Macra.  Tbe  star 


Procyon,  in  Canis  Minor,  comes  to  the  meridian  about  60  mi- 
nutes later  than  Sirius,  but  it  rises  to  Egypt  at  the  same  time 
with  the  brilliant  in  the  Great  Dog,  but  25  degrees  further  east. 
Now,  whoever  attends  to  the  observations  made  by  the  ancients 
upon  Sirius,  must  be  satisfied  that  Procyon  bad  its  boundaries 
assigned  from  its  being  an  attendant  of  the  Great  Dog,  so 
famous  in  all  that  regarded  the  rising,  overflowing,  and  decrease 
of  the  Nile.  The  Egyptians  have  introduced  the  astronomical 
symbols  iu  pairs ; thus  wc  have  two  rivers,  two  serpents,  two 
bears,  two  fishes,  See.  ; and  there  is  very  strong  collateral 
evidence  to  prove  that  their  wholo  territory  was  partitioned 
out  agreeably  to  those  symbols.  With  respect  to  the  symbol 
before  us,  there  seems  little  doubt  that  Canis  Minor  risiog  in 
conjunction  with  the  Great  Dog,  but  coming  later  to  the  meri- 
dian, as  if  assigning  the  other  tbe  point  of  honour,  and  then 
.declining  in  the  west  above  an  hour  later  than  its  companion, 
was  a fit  emblem  of  that  fidelity  which  Latrator  Anubts  was 
feigned  to  evince  towards  Iris  and  Osiris.  One  of  the  celestial 
dogs  may  thence  have  reference  to  the  arkite  worship,  and  the 
other  to  the  solar  superstition. — The  boundaries  and  contents  of 
Canis  Minor  are  : on  the  north  by  Gemini,  cast  by  Ilydra,  and 
south  and  west  by  Monoeeros.  There  are  fourteen  stars  in 
this  constellation,  according  to  the  Britannic  Catalogue,  viz. 
one  of  the  1st  magnitude,  one  of  the  2d,  one  of  the  4th,  &c. 
a Procyonis,  of  the  1st  magnitude,  in  Canis  Minor,  rises  at 
London,  on  the  east  by  north  point  of  the  compass  nearly ; its 
declination  north  is  6°  40*,  and  its  right  ascension  112°  27'  &3“. 

1 It  rises  and  culminates  on  the  first  day  of  each  month,  as 
I follows:  Meridian  Altitude  44'  15*. 


Month. 

Rim. 

Culm. 

Month. 

Rises. 

CCLM. 

bo.  rai. 

Iio.  mi. 

bo.  mi. 

ho.  mi. 

Jan. 

7 15  A. 

12  11  A. 

Jol? 

0 20  M. 

12  50  M. 

Feb. 

5 2 A. 

10  33  A. 

Aog. 

4 15  M. 

10  42  M. 

Mar. 

3 15  A. 

8 41  A. 

Sept 

2 17  M. 

8 46  M. 

April 

12  20  M. 

6 47  A. 

Oct 

0 30  M. 

6 58  M. 

May 

10  15  M. 

1 56  A. 

Nor. 

10  35  A. 

5 2 M. 

June 

8 20  M. 

2 58  A. 

Dec. 

8 27  A. 

2 59  M. 

The  situation  of  a (Procyon)  is  easily  found  when  it  is  above 
the  horizon  at  night,  for  it  always  forms  a triangle  with  Betel- 
genx,  Rigcl,  and  Sirius;  and  it  comes  to  the  meridian  about 
four  minutes  after  Castor,  and  about  one  minute  before  Pollux. 

CANNON,  a military  engine  for  throwiog  ball,  first  used  in 
the  battle  of  Cressv,  in  1346,  by  king  Edward  ; or,  mounted  in 
battery  on  the  decks  of  ships,  to  fire  balls  on  other  ships. 

The  principal  parts  of  a cannon  are,  1st.  The  breech,  and 
its  button  or  cascabel,  called  by  seamen  the  pomelion.  The 
breech  is  generally  nnddVstood  to  be  the  solid  metal  from  the 
bottom  of  the  concave  cylinder  to  the  cascabel,  which  is  the 
extremity  of  tbe  cannon  opposite  to  its  muzzle.  2d.  The 
trunnions,  which  project  on  each  side  like  arms,  and  serve  to 
support  the  cannon  near  the  middle  of  its  length,  holding  it 
almost  in  equilibrio.  As  the  metal  is  thicker  at  the  breech 
than  towards  the  mouth,  the  trunnions  are  placed  nearer  to 
that  end  than  the  other.  3d.  The  bore  or  caliber  is  the  interior 
or  concave  cylinder,  wherein  the  powder  and  shot  arc  lodged 
when  the  cannon  is  charged  or  loaded.  The  entrance  of  the 
boro  is  called  the  mouth  or  muzzle.  The  other  parts  are  as 
follow:  The  length;  the  1st  reinforce;  the  2d  reinforce;  the 
chase;  theventflcld;  the  chase  girdle;  the  breech  mouldings; 
the  swelling  of  the  muzzle  ; the  base  ring  ami  ogee  ; tbe  vent 
astragal  and  fillets : the  1st  reinforce  ring  and  ogee ; tbe  2d 
ditto,  ditto  ; tbe  chase  astragal  and  fillets ; the  muzzle  ditto, 
ditto  ; the  muzzle  mouldings ; the  swelling  of  the  muzzle. 

The  diameter  of  the  ball  is  always  somewhat  less  than  the 
bore  of  the  piece,  that  it  may  be  discharged  with  the  greater 
ease,  and  not  damage  the  piece  by  rubbing  it  too  forcibly  in  its 
passage,  and  the  difference  between  these  diameters  is  called 
the  windage  of  the  cannon.  The  length  of  any  cannon  is 
always  reckoned  from  the  hind  part  of  the  base  ring,  or  begin- 
ning of  tbe  cascabel,  to  the  extremity  of  tbe  muzzle.  The 
second  reinforce  begius  at  the  same  circle  where  the  first  ter- 
minates, and  tbe  chase  at  the  same  circle  where  tbe  second 
reinforce  ends. 

Tbe  first  reinforce,  therefore,  includes  the  base  ring,  the 
ogeo  nearest  thereto,  the  rent-field,  the  vent-astragal,  and 
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first  reinforce  ring.  The  second  reinforce  contains  the  ogee 
next  to  the  first  reinforce  ring,  and  the  second  reinforce  ring. 
The  chase  comprehends  the  ogee  nearest  to  the  second  rein- 
force ring  ; the  chase  girdle  and  astragal,  and  the  muzzle  and 
astragal.  The  trunnions  arc  always  placed  on  the  second 
reinforce,  so  that  tho  breech  part  of  the  cannon  may  weigh 
something  more  than  the  muzzle  part,  to  prevent  the 'piece 
from  starting  up  behind  when  it  is  tired. 

A variety  of  experiments  made  with  great  care  and  accuracy, 
prove  that  the  powder,  when  on  lire,  possesses  at  h ast  4000 
times  more  space  than  when  in  grains.  Therefore,  if  we  sup- 
pose that  the  quantity  of  powder  with  which  a cannon  is 
charged,  possesses  one-fourth  of  a cubical  foot  in  grain,  it  will, 
when  on  fire,  occupy  the  space  of  about  1000  cubical  feet.  The 
same  experiments  evince  also,  that  the  powder,  when  inflamed, 
is  dilated  equally  round  its  centre.  Oue  grain  of  powder  fired, 
in  the  centre  of  dillereut  concentric  circles,  round  which  grains 
of  powder  are  placed,  shall  therefore  set  fire  to  all  those 
grains  at  once.  From  this  principle,  it  necessarily  follows, 
that  powder  when  fired  in  a cannon,  makes  at  the  same  instant 
an  equal  effort  on  every  part  of  the  inside  of  the  piece,  in  order 
to  expand  itself  about  its  centre  every  way.  But  as  the 
resistance  from  the  sides  of  the  piece  turns  the  action  of  the 
powder  so  as  lu  follow  the  direction  of  the  bore  of  the  cannon, 
when  it  presses  upon  the  ball,  so  as  to  force  it  outwards,  it 
presses  also  on  tho  breech  of  the  cannon,  and  this  gives  the 
piece  a motion  backwards,  that  is  called  the  recoil,  which  is 
restrained  by  the  brccchinjf,  and  the  convexity  of  the  decks. 
The  recoil  in  some  degree  diminishes  the  action  of  the  powder 
ujmn  the  shot.  But  tins  cannot  be  avoided  ; for  if  the  carriages 
were  fixed  so  as  not  to  give  way  to  this  motion,  the  action  of 
the  powder,  or  tho  effort  that  muses  the  recoil,  would  tear 
them  to  pieces  in  a very  short  time. 

The  metal  of  the  cannon  is  not  equally  thick  in  all  parts,  but 
is  tit  some  measure  proportioned  to  the  force  of  the  powder 
which  it  is  to  resist.  At  the  breech,  where  the  effort  is  strong 
est,  the  thickness  of  the  metal  is  equal  to  the  diameter  of  the 
corresponding  s|iot.  At  the  first  reinforce,  when  this  begins 
to  slacken,  the  thickness  is  somewhat  less  than  at  the  breech ; 
at  the  second,  where  the  force  is  still  further  diminished,  the 
thickness  is  more  reduced  than  at  the  first ; and  by  the  same 
rule,  the  chase  has  less  thickness  than  the  second  reinforce. 
The  thickness  of  the  chase  gradually  diminishes  from  the  trun- 
nions to  the  mouth  of  the  piece  ; so  that  if  a cannon  was  with- 
out a cascabck  trunnion,  and  mouldings,  it  would  exactly 
resemble  the  frustum  of  a couc,  or  a cone  deprived  of  the 
■mall  end. 

Cannons  are  charged  by  putting  d^wn  into  the  bottom  first 
a quantity  of  powder,  one-third  or  one-half  the  weight  of  the 
ball.  This  is  done  with  an  instrument  termed  a ladle,  which 
is  a kind  of  cylindrical  spoon,  generally  made  of  copper,  and 
fixed  to  the  end  of  a stall  called  its  handle.  Upon  the  powder 
is  put  in  a wad  of  rope  yarn,  formed  like  n Imll,  which  is 
pressed  down  upon  the  powder  with  an  instrument  called  a 
rammer;  upoirthis  wad  is  put  the  ball  or  shot,  and  to  secure  it 
in  its  proper  place,  another  wad  if  firmly  pressed  down  upon 
it,  which  operation  is  called  ramming  home  the  wad  and  shot. 
The  touch-hole  of  the  piece  is  then  filled  with  powder,  from  the 
upper  part  of  w hich  a little  train  is  laid  that  communicates  w ith 
it.  The  use  of  this  train  is  to  prevent  the  explosion  of  the  [ 
powder  from  operating  directly  upon  the  instrument  employed 
to  fire  the  piece,  which,  iif  that  case,  might  be  forced  out  of 
the  hand  of  the  gunner. 

In  the  modern  pieces,  a little  gutter  or  channel  is  framed  on 
the  upper  part  of  the  breech,  to  prevent  the  train  from  being 
dispersed  by  the  wind.  This  channel  reaches  from  the  touch- 
hole  to  the  base  ring. 

The  cannon  being  pointed  to  its  object,  or  the  place  it  is 
intended  to  strike,  the  train  is  fired,  and  the  flame  immediately 
conveyed  to  the  powder  in  the  touch-hole,  by  which  it  is  further 
communicated  to  that  ill  the  piece.  The  powder  being  kindled, 
immediately  expands,  so  a*  to  occupy  a much  greater  space 
than  when  in  grains,  and  thus  dilated,  it  makes  an  effort  on 
every  side  to  force  itself  out.  The  ball  making  less  resistance 
than  the  sides  of  the  piece,  upon  which  the  powder  presses  at 
the  same  time,  is  driven  ’jut  by  its  whole  effort,  and  acquires 


that  violent  motion  which  is  well  known  to  the  world.  After 
firing,  there  is  a sponge  used  to  clean  the  piece,  and  extinguish 
any  *purks  that  may  remain  behind.  In  the  laud  service,  the 
handloqf  the  sponge  is  a long  wooden  staff ; but  in  ships  of  war, 
this  handle,  which  usually  contains  ihe  rammer  at  its  other 
end,  is  a piece  of  rope  well  stiffened  by  spun-yarn,  which  is  for 
this  purpose  firmly  wound  about  it.  By  this  convenience  the 
rammer  becomes  flexible,  so  that  the  piece  is  charged  within 
the  ship,  as  the  person  who  loads  it  may  bend  and  accommo- 
date the  length  of'  the  rammer  to  the  distance  between  the 
muzzle  and  the  ship's  side  ; being  at  the  same  time  sheltered 
from  the  enemy's  musketry,  to  which  lie  would  be  exposed,  in 
using  a wooden  rammer  without  the  ship.  To  sponge  a piece, 
therefore,  is  to  introduce  this  instrument  into  the  bore,  ami 
thrusting  it  home  to  the  further  cud  thereof,  to  clean  the  whole 
cavity. 

The  worm,  of  which  there  ore  different  kinds,  is  used  to  draw 
the  charge  when  necessary.  The  bit,  or  priming-iron,  is  a kind 
of  large  uecdlc,  whose  lower  end  is  formed  into  a giinblct. 
serving  to  clear  the  inside  of  the  touch-l\plc,  and  render  it  fit 
to  receive  the  prime.  The  lint-stock  is  a kind  of  stall',  about 
three  feet  long,  to  the  eud  of  which  a match  is  occasionally 
fastened  to  fire  the  piece. 

The  following  is  Mr.  Robin's  scheme  for  augmenting  the 
force  of  the  present  sea-batteries,  on  this  plain  principle — that 
all  ship-guns  should  be  cast  upon  the  model  of  the  32-pounders, 
measuring  by  the  diameter  of  the  respective  bullet;  so  that  for 
each  pound  of  bullet  there  should  be  allowed  one  hundrod  and 
two-lhiids  of  metal  only.  The  advantages  of  this  scheme  will 
appear  by  the  following  comparison  of  the  weight  of  4hc 
present  pieces,  with  their  weight  proposed  by  this  new  fabric. 


Pounder*.  Weight  now  in  Hundreds.  Weight  by  New  Fabric. 

24  48  fo  46 40 

18 41  to  3U  30 


12 34  to  31 

9 20  to  20 

6 ....34  to  18 


20 

15 

10 


lienee  it  appears  that  the  2i-poundcrs  will  be  eased  of  6 or 
8cwt.  of  useless  metal;  and  instead  of  guns  of  inferior  caliber 
now  used,  much  larger  ones  of  the  same  w eight  may  be  borne 
especially  when  it  is  remembered  that  this  computation  exceeds 
even  the  present  proportion  of  the  32-pounders ; so  that  from 
the  above  projected  to-pmimlcrs,  for  instance,  2 or  300  weight 
may  be  safely  taken.  The  changes  then  proposed  by  tho 
author  are  these  : — 

Pounder*.  Httadred*.  Pounders.  Hundreds. 

C 0 of  24  and  18^*  r 

For  'S  ""'!??]  New  5 8 ....  .....  *4 

15 ::::::  JiSSiS  <4 


The  nine-pounders  lately  cast,  being  still  lighter  than  what  is 
here  represented,  they  may,  perhaps,  be  only  transformed  into 
12-pounders  ; but  this  will  be  a very  great  addition  of  strength, 
and  the  12-poundcys  thus  borne,  will  be  considerably  lighter 
than  the  smallest  nine-pounders  now  in  use.  The  weight  of 
the  present  three-pounders  is  not  remembered  exactly  by  tho 
author,  but  he  doubts  not  that  they  are  heavier  than  the  pro- 
posed six-pounders,  and  may  therefore  be  changed  for  them. 
And  the  author  believes,  that  one-fourth  or  one-fifth  of  tho 
weight  of  the  bullet  iu  powder,  if  properly  disposed,  is  abund- 
antly sufficient  for  every  species  of  ship's  guns. 

Baring  Cannon.  (See  PI.  Oil.  Mill.) — Till  within  a few 
years,  iron  cannon  were  cast  with  a cylindrical  cavity,  nearly 
of  the  dimensions  of  the  caliber  of  tho  piece,  which  was  after- 
wards enlarged  to  the  proper  caliber  by  means  of  steel-cutters 
fixed  into  the  dog-head  of  a boring  bar-iron.  Three  equidis- 
tant side-cutters  were  requisite  to  preserve  the  caliber  straight 
and  cylindrical ; and  a single  cutter  was  used  at  the  end  of  tho 
bar  to  smooth  the  breech  of  the  piece.  In  boring  canuon  cast 
hollow,  the  piece  was  fixed  upon  a carriage  that  could  be  moved 
backwards  and  forwards  in  a direct  line  with  the  centre  of  a 
water-wheel ; in  this  centre  was  fixed  the  boring-bar,  of  a suffi- 
cient length  to  reach  up  to  the  breech  of  the  piece,  or  more  pro- 
perly to  the  further  end  of  tho  caliber.  The  carriage  with  the 
piece  being  draw  n backwards  from  the  centre  of  the  w ater- 
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«hcc1  to  introduce  the  boring  and  finishing  bars  and  cutters, 
it  is  then  pressed  forwards  upon  this  bar  by  means  of  levers, 
weights,  Ac.  and  the  water-wheel  being  set  going,  the  bar  and 
fullers  are  turned  round,  and  clean  out  and  smooth  the  caliber 
to  its  proper  dimensions. 

Experience  at  last  pointed  out  many  inconveniences  arising 
from  the  method  of  casting  guns  hollow,  and  widening  the 
calibers  by  boring  bars;  but  chiefly,,  that  all  guns  cast  hollow 
became  more  or  less  spongy  where  they  ought  to  have  been 
most  compact;  and  numberless  cavities  also  were  created 
round  the  cores,  from  stagnated  air  generated  in  them,  which 
were  too  deep  to  be  cut  out  by  the  boring.  To  remedy  these 
defects,  iron  cannon  a*  well  as  brass  is  now  universally  cast 
solid,  by  which  means  the  column  of  metal  is  greatly  enlarged, 
and  the  grain  more  compressed;  and  the  contraction  becomes 
in  the  heart  of  the  column,  and  consequently  is  cut  out  by  the 
perforation  for  the  caliber. 

Guns  are  bored  out  of  the  solid  reversely  from  the  hollow 
method.  The  piece  A is  placed  upon  two  standards  11 11, 
by  means  of  two  journeys,  turned  round  by  machinery  ; the 
breech  I)  being  introduced  into  the  central  line  of  the  wheel, 
with  the  muzzle  towards  the  sliding  carriage  E,  which  is  pressed 
forwards  by  a ratch  F,and  weights,  in  the  same  wav  as  the  gun 
carriage  was  in  hollow -boring.  Upon  this  sliding  carriage  is 
fixed,  truly  horizontal  and  central  to  the  gun.  the  drill-bar  G, 
\o  the  end  of  which  is  fixed  a carp's-tongue  drill  or  cutter  H ; 
vhich,  being  pressed  forward  upon  the  piece  whilst  it  is  turn- 
ing round,  perforates  the  bore,  which  is  afterwards  finished 
with  bars  and  cutters  as  the  hollow  guns  were. 

The  machinery  for  boring  of  ordnanpc  is  sometimes  pul  in 
. lotion  by  a steam-engine  ; and  in  this  way,  from  IS  to  24  great 
guns  have  beqn  boring  at  the  same  time;  I he  borer  in  each 
.deco  being  brought  up  to  its  proper  place  in  the  gun,  by  a 
lever  and  weights.  In  this  method  of  bringing  up  the  borer, 
the  pressure  may  always  he  made  equable,  and  the  motion  of 
the  borer  regular ; but  the  disadvantage  is.  that  without  due 
attention,  the  borer  may  work  up  too  far  towards  the  breech, 
and  the  piece  be  spoiled. 

“ In  the  Royal  Arsenal  at  Woolwich,*'  says  Dr.  Gregory, 
“ only  one  piece  is  bored  at  a time  in  the  same  mill : the  gun 
to  be  bored  lies  with  its  axis  parallel  to  the  horizon,  and  in 
that  position  is  turned  round  its  axis  hy  means  of  wheel-work, 
moved  by  one  or  more  horses.  The  borer  is  laid,  as  above 
described,  in  the  direction  of  the  axis  of  the  gun,  and  is 
incapable  of  motion  in  any  direction  except  that  of  its  length  ; 
and  iu  this  direction  it  is  constantly  moved  by  means  of  a 
small  rack-wheel,  kept  in  proper  motion  by  two  men,  who  thus 
make  the  point  of  the  borer  so  to  bear  against  the  part  of  the 
gun  that  is  boring,  as  to  pierce  aud  cut  it.  The  outside  of  the 
gun  is  smoothed  at  the  same  time  by  men  with  instruments  fit 
for  tho  purpose,  whilst  it  turns  round,  so  that  the  Imre  may 
be  exactly  in  the  centre  of  the  metal.  In  this  way  the  boring 
is  performed  with  great  nicely,  the  guns  scarcely  ever  failing  in 
Ihe  examination.  Hut  in  these  mills  the  lmrses  work  to  great 
disadvantage,  the  diameters  of  the  walks  in  which  they  move 
being  far  too  small.”  Srr  Gun,  Powder,  Gunnery. 

CANNONADE,  tho  application  of  artillery  to  the  purposes 
of  war,  direcliug  the  shpt  against  some  remote  object,  as  a 
ship,  a fortress,  Ac.  which  it  is  designed  to  destroy  or  capture. 
In  the  marine,  a large  vessel  may  be  considered  as  a combi- 
nation of  flnaling  batteries,  and  hence,  her  elTorts  must  be 
greatly  superior  to  those  of  a fortress  on  land  ; but  this  is  not 
always  the  rase,  for  on  some  particular  occasions  her  situation 
may  he  extremely  dangerous,  and  her  cannonading  ineffectual. 
There  arc  several  circumstances  in  which  her  superiority  con- 
sists, riz.  the  power  of  bringing  her  different  batteries  to  con- 
verge to  one  point;  of  shifting  the  line  of  her  attack  so  as  to 
do  the  greatest  possible  execution  against  the  enemy,  or  to  lie 
where  she  will  be  the  least  exposed  to  his  shot ; and  chiefly 
because,  by  employing  a much  greater  number  of  cannon 
against  a fort  than  it  can  possibly  return,  the  impression  of  her 
artillery  against  stone  walls  soon  bccom'cs  decisive  and  irre- 
sistible. Besides  these  advantages  in  the  attack,  she  is  also 
greatly  superior  in  point  of  defence  ; because  the  cannon  shot 
passing  with  rapidity  through  her  sides,  seldom  do  any  execu- 
tion out  of  the  line  of  their  flight,  or  occasion  much  mischief 
16. 
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by  their  splinters ; whereas,  they  very  soon  Shatter  and  destroy 
the  faces  of  a parapet,  and  produce  incredible  havock  amongst 
the  inen  by  the  fragments  of  the  stones,  Ac.  A ship  may  also 
retreat  when  she  finds  it  too*  dangerous  to  remain  longer 
exposed  to  the  enemy’s  fire,  or  when  her  own  fire  cannot  pro- 
duce the  desired  effect.  Finally,  the  fluctuating  situation  of  a 
ship,  and  of  tbc  element  on  which  she  rests,  render  the  efforts 
of  shells  very  uncertain,  and  altogether  destroys  the  effect  of 
the  ricoshcl  or  rolling  and  bounding  shot,  whose  execution  is 
so  pernicious  and  destructive  to  a fortress  in  land  engage- 
ments ; both  of  which,  however,  a ship  of  war  may  apply  with 
great  success.  On  the  contrary,  the  chief  inconvenience  to 
which  she  is  exposed,  is,  that  the  low-laid  cannon  in  a fort, 
near  the  brink  of  the  sea,  may  strike  her  repeatedly  on  or  under 
the  surface  of  the  water,  so  as  to  siuk  her  before  her  cannonade 
can  have  any  considerable  efficacy. 

CANOE,  a sort  of  Indian  boat,  or  vessel,  formed  of  the 
trunk  of  a tree  hollowed,  and  sometimes  of  several  pieces  of  the 
bark  fastened  together;  they  arc  used  on  various  occasions,  as 
fishing,  passage,  trade,  Ac.  and  arc  of  several  sizes,  according 
to  the  different  uses  for  which  they  are  designed  in  different 
countries.  They  are  generally  rowed  with  paddles,  instead  of 
oars,  which  are  pieces  of  light  wood,  nearly  resembling  a corn 
shovel,  and  instead  of  moving  the  paddle  horizontally  like  an 
oar,  they  row  perpendicularly  ; tbc  small  ones  arc  very  nar- 
row, having  only  room  for  one  person  in  breadth,  and  eight  or 
ten  lengthways.  They  very  easily  carry  sail,  unless  when 
going  before  tbc  wind,  and  their  sails  arc  made  of  a sort  of 
rushes  or  silk  gross  ; they  seldom  have  any  rodder,  the  w ant  of 
which  is  supplied  by  a dexterous  management  of  the  hind  oars. 
The  Indians  who  navigate  them  are  very  expert  in  rowing 
uniformly,  and  in  balancing  them  properly  with  their  bodies, 
w hich  would  be  difficult  for  a stranger  to  do,  bowevor  well 
accustomed  soever  to  the  conducting  of  our  boats,  on  account 
of  the  extreme  lightness  of  the  canoes,  and  their  aptness  to  he 
overturned.  The  Negroes  in  Guinea,  and  even  many  in  tho 
East  Indies,  use  them.  The  American  Indians,  when  they  aro 
necessitated  to  land  on  account  of  u waterfall  or  other  occa- 
sion, carry  their  canoes  on  their  heads  or  shoulders,  till  they 
arrive  at  some  place  where  they  may  again  he  launched.  Tho 
canoe  of  the  Esquimaux  Indians  in  Labrador  has  a li^ht 
wooden  frame,  and  the  shell,  instead  of  a plank,  is  made  with 
seal  skins  sewed  together,  which  are  not  only  extended  round 
the  bottom  and  sides,  but  likewise  over  the  top,  forming  a 
complete  deck,  and  having  only  one  opening  conveniently 
framed,  and  situated  to  admit  the  Indian  into  his  scat.  A Hr. t 
hoop  is  fitted  to  this  hoW*  rising  about  four  inches,  to  which 
the  surrounding  skin  is  sewed.  The  Indian’s  rnif-skin  jacket 
being  of  n proper  length,  he  can  occasionally  bind  the  skirt  of 
it  round  the  outside  of  this  hoop,  by  w hich  means  he  keeps  the 
canoe  free  from  water,  and  is  enabled  to  pursue  bis  gome  far 
from  land,  and  in  stormy  seas.  His  paddle  is  about  It)  feel 
long,  light,  and  flat  at  each  end,  with  which  lie  both  rows  and 
steers  with  great  velocity  and  exactness. 

CANON,  in  Arithmetic,  Geometry,  Ac.  a general  role  for 
resolving  nil  cases  of  the  same  kind  : this  word  is  now  seldom 
used  ; we  say  instead  of  it,  method  or  formula. 

CANT  Timbers,  those  timbers  which  are  situated  at  the  two 
ends  of  a ship.  They  derive  their  name  from  being  canted  or 
raised  obliquely  from  the  keel,  in  contradistinction  to  those 
whose  planes  are  perpendicular  to  it.  The  upper  ends  of  those 
on  the  how  or  fore  part  of  the  ship  are  inclined  to  the  stem,  ps 
those  in  the  after  or  hind  part  incline  to  the  stern-post  above.  * 

CANTATA;  in  Music,  a song  or  composition  intermixed  with 
recitatives,  airs,  and  different  movements,  chiefly  intended  fur 
a single  voice. 

.CANVASS,  a strong  kind  of  cloth,  of  which  the  sails  aro 
made.  Among  Painters,  canvass  is  tire  cloth  on  which  they 
usually  draw  their  pictures,  having  first  stretched  it  in  a frame 
of  deal  wood. 

CAOUTCHOUC,  clastic  resin,  or  Indian  rubber,  a sub- 
stance produced  from  an  American  tree,  has  been  already 
explained-  This  substance  oozes  out  of  tho  trees  by  inci- 
sions made  in  them,  and  has  the  appearance  of  milk,  and  it 
is  thickened  merely  by  exposure  to  tbc  air. 

Caoutchouc  Gum  is  thus  made: — Take  one  pound  of  spirit 
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of  turpentine,  and  Otic  pound  of  the  gam,  cut  into  small  piece*. 
(A  knife  dipped  in  cold  water  cuts  this  elastic  stuff  easily.) 
Pour  the  turpentine  into  ft  long-necked  matrass,  or  fire-proof 
bottle,  which  must  he  placed  iu  a sand  bath  ; throw  in  the  gum, 
bit  by  bit.  till  it  alt  dissolves.  Add  now  a pint  of  nut  or  linseed 
oil,  or  oil  of  poppies  ; then  let  the  whole  boil  for  a quarter  of 
an  boar,  and  the  preparation  is  finished.  This  is  an  excellent 
but  expensive  varnish  for  air-balloons. 

CAP.  a strong  thick  block  of  wood,  having  two  large  holes 
through  it,  the  one  square,  the  other  round,  used  to  confine 
two  masts  together,  when  one  is  erected  at  the  head  of  ihc 
other,  in  order  to  lengthen  it.  The  principal  caps  of  a ship 
nre  those  of  the  lower  masts,  which  are  fitted  with  « strong 
eye-bolt  on  each  side,  wrherein  to  book  the  block  by  which  the 
topmast  is  drawn  up  through  the  cap.  The  breadth  of  nil  the 
caps  is  equal  to  twice  the  diameter  of  the  topmast,  and  the 
length  to  twice  the  breadth.  The  thickness  of  the  main  and 
lorecaps  is  half  the  diameter  of  their  breadths ; the  mizt'ncap 
three-sevenths,  and  the  topmast  raps  two-fifths  of  their  respec- 
tive breadths.  In  tho  same  manner  as  the  topmast  slides  up 
through  the  cap  of  the  lower  mast,  tlic  top- gall uut-mast  slides 
up  through  the  rap  of  the  topmasts. 

CAPILL  ARY  Action.  The  suspension  of  a slender  column 
of  water  in  the  interior  ring  of  a glass  tube,  is  the  popular 
explanation  of  capillary  action,  or  attraction. 

CamllaKY  Tubes.  One  of  the  most  singular  phenomena  of 
these  tubes  is,  that  if  you  take  several  of  them  of  different 
sizes,  open  at  both  ends,  and  immerse  them  ft  little  way  into 
water,  or  any  other  fluid,  it  will  immediately  rise  in  the  tubes 
to  a considerable  height  above  the  surface  of  that  into  which 
they  are  immersed  ; these  heights  varying  nearly  in  a recipro- 
cal proportion  of  the  diameters  ; the  greatest  heights,  according 
to  Dr.  Hook,  being  about  ‘2!  inches.  The  heights,  however,  are 
not  the  same  for  all  tluids,  some  standing  considerably  higher 
or  lower  than  others  : and  with  regard  to  quicksilver,  it  docs 
not  rise  in  their  tubes  at  all.  but,  on  the  contrary,  stands  lower 
in  the  tube  than  in  the  vessel  into  which  the  tube  is  immersed, 
and  that  so  much  the  more  as  the  diameter  is  smaller.  Another 
phenomenon  of  these  tubes  is,  that  such  of  them  as  will  natu- 
rally discharge  water  only  by  drops,  when  electrified  yields  it 
fn  a perpetual  stream.  Various  hypotheses  have  been  advanced 
to  account  for  the  ascent  of  fluids  iu  capillary  tubes ; some 
attributing  it  to  the  attraction  of  the  glass  upon  the  upper  sur- 
face  of  the  fluid,  others  again,  to  the  diminished  pressure  of 
the  air  on  the  fluids  in  the  tube,  &c.  The  cause  of  the  pheno- 
menon is  satisfactorily  accounted  for  thus  : It  is  a fundamental 
property  of  fluids,  that  any  force  impressed  iu  one  direction 
may  be  propagated  equally  in  every  direction.  The  tendency 
of  the  fluid,  then,  to  approach  the  glass,  will  occasion  it  to 
spread  over  the  internal  cavity  of  the  tube,  aud  consequently 
to  mount  upwards. 

Capillary  aelion  is  not  confined  to  glass  tubes,  but  is  exerted 
among  all  substances  perforated  by  pores,  or  subdivided  by 
fissures  or  interstices,  lienee,  the  excretory  vascular  systems 
of  plants  and  animals ; the  ascent  of  humidity  through  rooks, 
earth.  Sec. ; the  lymph  or  perspiration  exuded  by  the  pores  of 
the  human  skin,  the  leaves  of  trocs,  plants,  and  grasses — pores 
that  exceed  not  the  tcn-tbousnndth  part  of  an  inch:  and  while 
plants  retain  their  vegetating  principle,  the  humidity  they  draw 
from  the  earth  by  means  of  their  roots,  is  constantly  exhaled 
into  the  atmosphere,  and  as  constantly  supplied  by  tho  ascent 
of. sap  from  the  roots. 

' CAPRA,  the  name  of  a small  Northern  Constellation,  con- 
sisting of  three  stars. 

CAPRICORN,  the  Goat,  a southern  constellation,  and  the 
tenth  sign  of  tho  zodiac,  denoted  by  the  character  yf,  being  j 
intended  for  the  representation  of  the  goat’s  horns.  It  is  the 
first  of  the  winter,  andThe  fourth  of  the  southern  signs,  accord- 
ing to  the  fixed  and  intellectual  zodiac  ; and  the  sun  enters  it 
on  the  21st  of  December,  which  is  the  time  of  the  winter  sol- 
stice. when  the  earth  makes  the  transit  from  Gemini  to  Cancer, 
lint  the  visible  and  moveable  zodiac  places  this  sign  in  the 
Station  of  Aquarius,  and  the  sun  enters  it  about  the  16th  of 
January.  At  the  period  .of  the  winter  solstice,  tho  sun  being 
vertical  to  the  tropic  of  Cnpricorn,  the  southern  hemisphere 
enjoys  the  same  light,  See.  which  the  northern  hemisphere 


enjoyed  on  the  21st  of  June,  when  the  sun  was  vertical  to  tho 
tropic  of  Cancer.  It  is  then  the  middle  of  day  at  the  south 
pole,  and  the  middle  of  night  at  the  north  pole. — The  bounda- 
ries and  contents  of  Capricorn  are : on  the  north  and  east  of 
Antinous  and  Aquarius,  on  the  sooth  by  Piscis  Australis,  and 
on  the  west  by  Sagittarius.  It  contains  61  stars,  three  of 
which  are  of  the  3d  magnitude,  three  of  the  4th,  ficc.  The 
following  table  shews  the  time  when  a,  a star  of  the  third  mag- 
nitude, in  the  Goat’s  forehead,  rises  and  culminates  for  the 
first  day  of  each  month  in  the  year.  This  star  rises  nearly  on 
the  K.  S.  K.  J K.  point  of  the  horizon,  at  London;  its  right 
ascension  is  302°  O'  51",  and  its  declination  13°  Of  3!/  south  : 
Meridian  Altitude  2&®2.Tf  21". 


Month. 

Rlsts. 

Ct’LM, 

Month. 

Rises. 

Clll-M. 

lio  mi. 

bo.  mi. 

bo.  mi. 

ho.  mi. 

J»t*. 

8 30  M. 

1 23  A. 

Joly 

8 37  A. 

1 30  M. 

Fob. 

ft  14  M- 

11  10  M. 

Auk. 

6 40  A 

11  25  A. 

M«r. 

4 25  M. 

9 20  M. 

8«pl. 

4 45  A. 

D 30  A. 

April 

2 30  M. 

7 20  M. 

Oct. 

2 5S  A. 

7 10  A. 

May 

12  45  M. 

5 30  M. 

Nov. 

1 0 A. 

5 45  A. 

June 

10  35  A. 

3 28  M. 

D«c. 

10  43  M. 

3 45  A. 

Tropic  of  C s PiucoRN,  a small  circle  of  the  sphere  parallel  to 
the  equinoctial,  passing  through  the  beginning  of  Capricorn,  or 
the  winter  solstice,  or  point  of  the  sun's  greatest  southern 
declination. 

CAPRIOLES,  in  the  Manage,  leaps  which  a horse  takes  in 
tho  same  place  without  advancing,  in  such  a manner,  that 
when  he  is  at  the  height  of  the  leap,  he  jerks  out  with  his 
hinder  legs  even  and  near.  The  common  name  of  this  exercise 
is,  among  dragoons,  the  pillared  horse,  because  the  animal,  to 
work  well  at  caprioles,  is  put  between  two  pillprs,  and  taught 
to  raise  first  his  fore  quarters,  and  then  his  hind  quarters, 
w bile  his  fore  ones  are  yet  in  the  air. 

C A PSTAN,  or  Ca  pst  a rn, 
a great  piece  of  timber,  in 
the  shape  of  a cone,  usually 
placed  behind  the  windlass 
of  a ship,  to  weigh  anchors, 
hoist  up  or  strike  down  top- 
masts. strain  ropes,  or  heave 
any  heavy  bulky  thing  on 
board  of  a ship,  as  in  the 
upper  figure. 

The  advantages  of  simpli* 
fying  machinery  are  well  ex- 
emplified in  the  second  cap- 
stan, which  unites  great 
strength,  and  simplicity.  It 
is  represented  in  the  low- 
er figure,  where  A D is 
a compound  barrel  com- 
posed of  two  cylinders  of 
different  radii.  The  rope 
DEC  is  fixed  dt  the  extre- 
mity of  the  cylinder  D;  and 
after  passing  over  the  pulley 

E,  which  is  attached  to  tho 
load  by  means  of  the  hook 

F,  it  is  coiled  round  the 
other  cylinder  D,  and  fixed 
at  its  upper  end.  The  cap- 
stan bar  A 11  urges  tho  compound  barrel  C I>  about  its  axis,  so 
that  while  the  rope  coils  round  tho  cylinder  1>  it  unwinds  itself 
from  the  cylinder  C.  Let  us  suppose,  that  the  diameter  of 
the  part  D of  the  barrel  is  21  inches,  while  the  diameter 
of  the  part  C is  only  20  inches,  and  let  the  pulley  E be 
20  inches  in  diameter.  When ' the  barrel  A D,  therefore, 
has  performed  one  complete  revolution  by  the  pressure  ex- 
eitcu  at  U,  63  inches  of  rope,  equal  to  the  circumferenoc  of 
the  cylinder,  will  be  gathered  upon  the  cylinder  D,  and  60 
inches  will  be  unwodnd  from  the  cylinder  C.  The  quantity  of 
wound  rope,  therefore,  exceeds  the  quantity  that  is  unwound 
by  63  — 00—3  inches,  the  difference  of  their  respective  peri- 
meters ; and  the  half  of  this  quantity,  or  1$  inches,  will  be  the 
space  through  which  the  load  or  pulley  E moves  by  one  turn 
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of  the  bar.  If  a simple  capstan  of  the  same  dimensions  had 
been  employed,  the  length  of  rope  coiled  round  the  barrel 
wonld  hare  been  00  inches ; and  the  space  described  by  the 

Rulley,  or  load  to  be  overcome,  wonld  have  been  .'(0  inches. 

low,  as  the  power  is  to  the  weight  as  the  velocity  of  the  weight 
is  to  the  velocity  of  the  power,  and  as  the  velocity  of  the  power 
is  the  same  in  both  capstans,  the  weights  which  they  will  raise 
will  be  as  1)  to  30.  If  it  be  wished  to  double  the  power  of  the 
machine,  we  have  only  to  cover  the  cylinder  C with  lathes  a 
quarter  of  an  inch  thick,  so  that  the  difference  between  the 
radii  of  each  cylinder  may  be  half  as  little  as  before  ; for  it  is 
obvious  that  the  power  of  the  capstan  increases  as  the  dif- 
ference between  the  radii  of  the  cylinders  is  diminished.  As 
we  increase  the  power,  therefore,  we  increase  the  strength  of 
our  machine,  while  all  other  engines  are,  proportionally 
enfeebled  by  an  augmentation  of  power.  Were  we,  for  exam- 
ple, to  increase  the  power  of  tho  common  capstan,  we  mast 
diminish  the  barrel  in  the  same  proportion,  supposing  the  bar 
A B not  to  admit  of  being  lengthened,  which  will  not  only 
diminish  its  strength,  but  destroy  much  of  its  power  by  the 
additional  flexure  of  the  rope. — This  capstan  may  be  easily 
converted  into  a crane,  by  giving  the  compound  barrel  n hori- 
zontal position,  and  substituting  a winch  instead  of  the  bar 
A B.  The  superiority  of  such  a crane  above  the  common  ones 
does  not  require  to  be  pointed  out ; but  it  has  this  additional 
advantage,  that  it  allows  the  weight  to  stop  at  any  part  of  its 
progress,  without  the  aid  of  a ratchet  wheel  and  catch,  bccansc 
the  two  parts  of  tho  rope  pqll  on  tho  contrary  sidos  of  the 
barrel.  The  rope  indeed  which  coils  round  the  larger  part  of 
the*  barrel  acts  with  a larger  lever,  and  consequently  with 
greater  force,  than  tbc  other ; but  as  this  excess  of  force  is 
not  sufficient  to  overcome  the  friction  of  the  machine,  the 
weight  will  remain  stationary  in  any  part  of  its  path. 

The  principle  on  which  the  preceding  capstan  is  constructed, 
might  be  applied  with  great  advantage  when  two  separate 
axles  A C,  B D are  driven  by  means  of  the  winch  II  and  the 
wheels  B and  A,  as  in  the  annexed  figure.  It  is  evident,  that 
when  the  winch  is  turned  round  in  one  direction,  the  rope  r is 
unwound  from  the  axle  BD;  the  wheel  11  drives  the  wheel 
A . so  that  the  axle  A C moves 
in  a direction  opposite  to  that 
of  B D,  and  the  rope  is  coiled 
round  the  axle  A C.  If  the 
wheels  A,  B,  are  of  the  same 
diameter  and  tho  same  num- 
ber of  teeth,  the  weight  W 
will  be  stationary,  as  the  rope 
wound  nbout  one  axle  will  he 
always  equal  to  what  is  un- 
wound from  the  other.  If  tho 
wheels  have  diflerent  diame- 
ters, or  different  numbers  of 
teeth,  the  quantity  of  ropo 
wound  round  the  one  axle  will  exceed  what  is  unwound  from  the 
other,  and  tbc  weight  will  be  raised. 

CAPUT  Deuconis,  the  Dragons  Head,  a name  given  by 
some  to  the  star  a,  Dracouis,  in  the  head  of  that  constellation. 

CARDAN,  Jp-rom,  a celebrated  mathematician,  physician, 
and  astrologer  of  the  sixteenth  century,  born  in  Italy  Sept.  24, 
1501,  and  died  at  Rome  in  Sept.  1676.  As  an  astrologer,  he 
was  invited  to  England  in  order  to  cast  the  nativity  of  Edw.  V. 
as  he  had  already  done  that  of  his  own ; which  latter  not  being 
precisely  correct  as  to  tbc  time  of  bis  death,  he  is  said  to  have 
starved  himself  for  the  hononr  of  tho  science ; viz.  that  his 
living  might  not  discredit  his  art.  Hudibras  alludes  to  Car- 
dan’s pretended  astrological  skill  in  the  following  lines:— 

•*  Cardan  believes  {treat  slates  depend 
Upon  tbc  tip  of  tbe  Bear's  tail's  and  ; 

And  as  she  wisks  it  (’wards  tba  bod, 

Strews  migfatj  empires  op  and  down." 

CARDINAL  Points,  in  Geography  and  Navigation,  the  four 
principal  points  of  the  compass;  viz.  east,  west,  north,  and 
south.  The  term  is  derived  from  eardo , a hinge,  being  that  on 
which  all.  tho  others  turn  or  depend. 

Cardinal  Signs,  are  those  at  the  four  quarters,  or  tbe  equi- 


noxes and  solstices ; viz.  the  signs  Aries,  Libra,  Cancer,  and 
Capricorn.  Cardinal  Winds , those  that  blow  from  tbe  cardinal 
points. 

CARDIOIDK,(seethe  annexed  figure,) 
q the  name  of  a curve  so  denominated  by 
\ Castiliiani,  from  its  resemblance  to  a 
heart,  rnptfia  : the  construction  of  w hich  is 
as  follows : — Through  one  extremity  A,  of 
the  diameter  A B,  of  tho  circle  APB, 
draw  a number  of  lines  APQ,  cutting  the 
circle  in  PP,  &c.  upon  the  set  off  P Q, 
equal  to  the  diameter  AB;  then  the 
curve  passing  through  all  the  points 
Q,  Q,  See.  is  termed  the  Cardioidc.  From  this  generation  ot 
the  curve,  is  readily  reduced  Its  principal  properties  ; viz.  that 

every  where  .*  PQ  “ AB 

CQorQQr  A«=2AB 
AQ  = All  zc  A P 
P always  bisects  Q Q. 

CAREENING,  the  operation  of  heaving'  a ship  down  on 
one  side,  by  the  application  of  a strong  purchase  to  her  masts, 
which  are  properly  supported  for  the  occasion,  to  prevent  their 
breaking  with  so  great  a strain;  by  which  means  one  side  of 
the  bottom,  being  elevated  above  the  surface  of  the  water,  may 
be  cleansed  or  repaired.  When  ft  ship  is  laid  on  a careen 
every  thing  is  taken  out  of  her ; hut  this  operation  is  now 
ncarlv  superseded  by  sheathing  tho  ships  with  copper,  whereby 
they  keep  a clean  bottom  for  several  years.  A ship  is  also 
said  to  careen,  when  she  inclines  to  otic  side  at  sea  by  a press 
of  sail. 

CARLINGS,  short  pieces* of  timber  ranging  fore  and  aft 
from  one  dock  beam  to  another,  into  which  their  cqds  arc 
mortised ; they  arc  used  to  sustain  and  fortify  the  smaller 
beams  of  the  shin. 

CARMINATIVES,  Medicines  used  in  colics,  or  other  flatu- 
lent disorders,  to  dispel  wind. 

CARMINE.  See  Co  loch  Making. 

CARNATION,  or  Clove  Pink,  an  agreeable  flower,  valued 
for  its  pleasant  flavour  and  lovely  leaves.  It  is  said  ihe  flowers 
of  this  plant,  reduced  to  a decoction,  have  cured  many  malig- 
nant fevers,  tcc. 

CARNELIAN,  in  Natural  History,  a precious  stone,  red, 
yellow,  or  white,  usually  brought  from  the  East  Indies. 

CAROTIDS,  in  Anatomy,  two  arteries  of  the  neck,  which 
convey  the  blood  from  tho  aorto  to  the  brain ; one  called  the 
right,  and  the  other  the  left  carotid. 

CARPENTER,  a person  who  practises  carpentry. 

Carpenter  of  a ship,  is  an  officer  appointed  to  examine 
and  keep  in  order  the  frame  of  the  ship,  together  with  her 
masts,  yards,  boats,  and  all  other  wooden  machinery,  likewise 
the  stores  committed  to  him  by  indenture  from  the  surveyor  of 
the  dock  yard.  It  is  the  carpenter’s  duty  in  particular,  to 
keep  the  ship  tight,  for  which  purpose  be  ought  frequently  to 
review  the  decks  and  sides,  and  to  caulk  them  when  it  is  found 
necessary.  In  the  time  of  battle,  he  is  to  examine  up  and 
down  with  all  possible  attention  in  tbe  lower  apartments  of 
the  ship,  to  stop  any  holes  that  may  he  made  in  the  sides  by 
shot,  with  wooden  plugs,  provided  of  sovoral  sizes  for  that 
purpose. 

CARPENTRY,  the  art  of  building,  framing,  Stc.  See  Joiner. 

CARRIAGE  of  a Gan,  is  a strong  frame  of  wood  fixed  on 
four  solid  wheels,  or  tracks,  on  which  the  cannon  is  placed: 
its  chief  parts  are  as  follow  ; — I.  The  sides  or  cheeks  ; 2.  the 
axletrces ; 3.  the  tracks  or  wheels  ; 4.  the  transom ; 6.  the 
sole  or  bottom ; 0.  the  bed ; 7.  the  quoin.  These  are  all  of 
wood.  8.  the  cap-sqnarcs,  or  clamps;  0.  the  eye-bolts;  10. 
joint  bolts;  II.  the  transom  bolt;  12.  tho  bed  bolt ; 13.  hind 
axlctrce  bolts;  14.  the  breeching  bolts;  16.  loops,  or  eye- 
bolts, to  which  the  gun  tackle  arc  hooked  ; all  of  iron. 

The  Construction  of  Wheel  Carriages  is  one  of  the  most  im- 
portant branches  of  mechanical  science,  whether  we  consider 
their  general  use, or  tho  numerous  lives  which  are  daily  risked 
in  travelling  by  this  mode  of  conveyance.  We  will,  therefore, 
in  the  first  place,  direct  our  readers’  attention  to  the  wheels  of 
these  vehicles.  Every  wheeled  carriago  consists  of  two  or 
more  wheels,  generally  four  : but  the  fore  wheels  of  our  wag- 
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gons  are  unaccountably  small,  and  it  is  not  uncommon  to  see 
carts  moving  upon  wheels  scarcely  two  feet  diameter.  We 
know  that  the  convenience  of  turning  is  urged  as  the  reason 
for  diminishing  these  wheels,  and  we  allow,  that  much  address 
is  requisite  in  the  crowded  and- narrow  lanes  and  courts  of 
London,  to  turn  unwieldy  waggons,  drawn  by  four  huge  horses. 
The  disadvantages  of  small  wheels  will  be  obvious  from  this: 
Suppose  C DE  (as  in  the  annexed  figure,)  a wheel,  and  PO 
an  obstacle  over  which  it  is  to  be  moved  by  a force  P,  acting 
in  the  direction 
A H ; join  A F, 
and  draw  F m, 

F a,  perpendicu- 
lar to  C A and 
All.  The  weight 
D of  the  wheel 
is  evidently  the 
weight  lobe  rais- 
ed, and  may  be 
represented  by 
W acting  at  the 
point  A in  the 
vertical  direc- 
tion A C.  We 
may  now  consi- 
der A F as  a le- 
ver, whose  fulcrum  is  F,  and  there  will  be  iin  equilibrium  when 
the  force  P is  to  the  force  W,  as  the  perpendicular  F n is  to  the 
perpendicular  F m.  And  since  F«  represents  the  mechanical 
energy  of  the  power  P to  turn  the  wheel  round  F,  it  is  obvious, 
that  when  FO  is  equal  to  the  radius  of  the  wheel,  (as  in  this 
case  it  js  only  12  inches.)  the  weight  P,  however  great,  has  no 
power  to  move  it  over  the  obstacle,  for  when  F <J  is  equal  to 
AC,  F in  will  vanish,  that  is,  the  obstacle  being  as  high  as  the 
nxlrtrcr  of  the  wheel,  it  could  never  surmount  it.  In  other 
word*.  Fra  is  now  equal  to  O,  which,  if  multiplied  by  P.  no 
matter  what  the  weight  of  P may  be.  the  product  is  O.  How 
very  difficult  then  must  it  be  for  the  best  horses  to  tug  an 
unwieldy  waggon  with  fore  wheels  only  14  inches  in  radius. 
Hence,  since  the  power  of  a w heel  to  overcome  stones,  rub- 
bisli.  and  all  manner  of  resistances  in  the  road,  increases  w ith 
its  diameter,  the  advantages  of  large  wheels  for  overcoming 
such  resistances  must  be  apparent.  Hut  there  are  some  cir- 
cumstances, w hich,  independent  of  their  weight  and  expense, 
prescribe  limits  to  the  size  of  wheels.  A wheel  should  neier 
exceed  4) -feet  diameter,  that  is,  the  height  of  a horse's  shoulder 
where  the  traces  arc  fixed  to  the  collar. 

With  respect  to  the  shape  of  the  wheels,  every  mechanic 
would  place  the  spokes  perpendicular  to  the  axlctrcr,  if  he 
were  not  prejudiced,  by  apprenticeship,  to  the  pretended 
advantages  of  concave  or  dishing  wheels,  or  those  which  have 
inclined  spokes,  as  in  the  annexed  figure.  P A,  P II,  and  coni- 
cal rims  A r and  lit.  It  h alleged,  this  wheel  renders  the  car- 
riage less  liable  to  be  overturned,  by  extending  the  base  j that 
it  is  stronger;  that  it  hinders  the  fellies 
from  rubbing  against  the  sides  of  the  cart, 

&c.  &c.  But  the  concave  dishing  wheel  is 
more  expensive  than  the  other,  more  inju- 
rious to  the  roads,  more  liable  to  be  broken 
by  accidents,  and  less  durable  than  the 
wheel  with  spokrs  perpendicular  to  the 
naves.  Look  at  the  figure,  and  you  will  see 
that  the  whole  of  the  pressure  which  the 
wheel  A B sustains,  is  exerted  along  the 
inclined  spoke.  Pr  therefore  acts  obliquely 
upon  the  level  ground  n I),  whether  the 
rims  with  their  tire  irons  arc  conical  or 
cylindrical.  But  when  the  spokes  are  per- 
pendicular to  the  nave,  as  and  when 
the  rims  m A,  n B,  are  cylindrical,  and 
parallel  to  the  ground,  the  weight  sus- 
tained by  the  wheel  acts  perpendicularly 
upon  the  road,  and  whatever  shocks  it  may 
receive  from  resistances,  fall  upon  its 
strongest  position,  where  it  is  in  no  danger 
of  giving  way  to  the  strain. 


The  Position  of  If 'heels. — All  wheels  should  revolve  on  per- 
fectly straight  a.xlctrces,  and  be  themselves  perfectly  parallel 
or  perpendicular  to  the  road.  By  this  method  there  is  the  least 
stress  in  all  given  eases  on  the  lineh-pin,  the  axles,  the  spokes, 
and  rim  ; and  the  friction  less  than  in  the  conic  wheels,  which 
partly  roll  ami  partly  drag. 

On  the  Line  of  Traction,  and  the  Method  by  which  Horses 
exert  their  Strength.— In  all  four-footed  animals,  the  hinder 
feet  bceome  the  fulcrum  of  the  lever  b>  which  their  weight 
acts  against  the  load ; and  when  the  ammnls  pull  hard,  they 
depress  their  chest,  and  thus  increase  the  lever  of  Iheir 
weight,  and  diminish  the  lever  by  which  the  load  resists  their 
c (Torts  ; for  it  is  a general  law,  that  animals  draw  by  their 
weight,  and  not  by  the  force  of  their  muscles.  So  that  when  a 
horse  is  employed  in  drawing,  his  effort  will  drpend,  in  some 
measure,  both  upon  his  own  weight  and  that  which  he  carries 
on  his  back. 

Indeed  it  is  highly  useful  to  load  the  back  of  a drawing  horse 
to  a certain  extent ; though  this,  on  a slight  consideration, 
might  be  thought  to  augment  unnecessarily  the  fatigue  of  the 
animal:  but  it  must  be  considered,  that  the  mass  with  which 
the  horse  is  charged  vertically  is  added  in  part  to  the  effort 
which  he  makes  in  the  direction  of  traction,  and  thus  dispenses 
with  the  necessity  of  his  inclining  so  much  forward  ns  he  must 
otherwise  do;  and  may,  therefore,  under  this  point  of  view, 
relieve  the  draught  more  than  to  compensate  for  the  additional 
fatigue  occasioned  by  the  vertical  pressure.  Carmen,  and 
waggoners  in  general,  are  well  aware  of  this,  and  are  commonly 
very  careful  to  dispose  of  the  load  in  such  a manner  that  the 
shafts  shall  throw  a due  proportion  of  the  weight  on  the  back 
of  Uic  shaft  horse. 

The  best  disposition  of  the  traces  during  the  time  ji  horse  is 
drawing,  is  to  be  perpendicular  to  the  position  of  the  collar 
upon  his  breast  and  shoulders  : when  the  horse  stauds  at  ease, 
this  position  of  the  traces  is  rather  inclined  upwards  from  the 
dirretion  of  the  road;  hut  when  he  leans  forward  to  draw  the 
load,  the  traces  should  then  become  nearly  parallel  to  the  plane 
over  which  the  carriage  is  to  be  drawn  ; or,  if  lie  be  employed 
in  drawing  a sledge,  or  any  thing  without  wheels,  the  inclina- 
tion of  the  traces  to  the  road,  supposing  it  to  be  horizontal, 
should  be  about  18}°. 

From  the  preceding  observations,  it  will  be  easy  in  most 
eases  to  adapt  the  size  of  the  whorls  to  that  of.  the  animal 
which  is  to  draw  in  the  shafts,  so  that  when  he  lean*  forward 
to  his  work,  the  traces  may  be  nearly  parallel  to  the  road, 
whether  that  road  be  horizontal  or  not ; always  recollecting, 
that,  if  there  be  any  variation  from  the  parallel  position,  it 
must  be  rather  inclining  upwards  than  downwards;  as  the 
former  will  somewhat  diminish  the  friction,  while  the  la|tcr, 
instead  of  raising  the  wheels  from  any  hollow  into  which  they 
may  fall,  will  tend  to  draw  them  down  lower,  and  much  increase 
the  labour  of  the  animal. 

When  several  horses  are  harnessed  one  before  another,  so 
that  they  may  all  draw  at  the  same  load,  and  the  slope  on 
which  they  are  drawing  changes,  as  from  It  A to  A B.  (see  the 
engraving  in  the  next  page.)  the  effort  of  the  horse  which 
draws  along  the  road  A II  is  decomposed  into  tw'o  parts,  of 
which  one  tends  to  pull  up  the  load,  the  other  to  pull  rfoirn  the 
horse  which  is  in  the  shafts  and  is  draw  ing  along  the  slope  P A. 
This  latter  eomposant  is  always  greater  as  the  traces  of  the 
foremost  horse  are  the  longer.  From  'the  point  E where  the 
traces  are  fastened  to  the  horse  next  the  load,  draw  ER  to  the 
same  point  in  the  second  horse  R,  and  let  R1  be  another  posi- 
tion of  the  second  horse ; it  is  required  to  find  the  difference  of 
effect  that  will  be  produced  by  placing  the  second  horse  at  It 
or  nt  IF.  or  the  comparative  advantages  of  short  and  long 
traces.  From  R',  the  point  where  the  traces  are  fixed,  draw 
R'F’E;  and  from  E draw  Em  a parallel  to  the  declivity  1>  A. 
Take  E F “ EF  to  represent  the  power  of  the  horse  in  the 
direction  of  the  traces,  which  will  be  the  same  whether  he  is 
yoked  at  R or  at  IF;  draw  E A perpendicular  to  DA, .Fit, 
F' m parallel  to  E A.  and  F F'  f parallel  to  E n.  Then  since 
the  second  horse  when  at  It  pulls  with  a force  represented  by 
F E.  in  the  direction  F E.  we  may  resolve  this  force  into  the  two 
forces  E n,  Ep,  one  of  which  Eh  is  solely  employed  in  dragging 
the  cart  up  the  inclined  plane  DA,  while  the  other  Ep  is  solely 
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employed  in  pressing  the  first  horse  E to  the  ground.  Let  the 
horse  be  now  removed  from  R to  R',  the  direction  of  the  traces 
becomes  R F'  E.  and  F'B=  F E is  the  power  exerted  by  the 
horse  at  R',  and  the  direction  in  which  it  is  exerted.  But  this 
force  is  equivalent  to  the  forces  Em,  E /,  the  first  of  which 


acts  directly  against  the  load,  while  the  other  presses  the  horse 
against  the  ground.  Hence  we  see  the  disadvantages  of  long 
traces,  for  the  force  which  draws  the  load  when  the  horse  is  at 
K'is  to  the  force  when  the  horse  is  at  K,  usEntoE  a,  and  the 
forces  which  press  the  horse  upou  the  ground  as  E/ to  Ef,  ... 


...or  as  Pm  to  Fa.  Now  FnrPEx  sin.aEF ; hence 
F 0 = F E x sin.  (n  Ef  — F Kg')  (/  E being  parallel  to  A BJ) 
and  Ear:  E F x cos.  (n  E g'  — F Kj').  In  like  manner  we 
,«ave  B f ~ FE  x sin.  (a  Is/  — F' Bf),  and  E » = E F X 

:os.  (nE;' — F1  e/).  Now  sin.  FE/“*in.  FEy= 


i ad  sin.  F EgJ  zz 


R'/_ 
ER'  “ 


!Lf 

HR' ; 


but  R ^ — R'  / = CR  — 


3Q  -=  B R — BR  x cos.  sE^BR  x (i  — cos.  a E g). 
By  snbstituting  this  vnlue  in  the  equations  which  contain  the 
values  of  E^,  Ea,  E /,  Em,  and  considering  that  the  angles 
FEj',  PE/,  are  always  so  small  that  their  arcs  differ  very 
little  from  their  sines,  wc  have 


__  BR  X l • — cos.  n Eg 
FE?  = k~K 


. F'EV  rs  fiK  x i— cos.  u Eg 

,and  _jg1Kj -• 


By  substituting  these  values,  in  the  preceding  equations,  we 
have 


E ~ E F X sin.  (nEj  - 
Efn  — E F x sin.  (»  E g — 
En  = EF  X cos.  {nEg  — 
E m =z  E F X cos.  (n  B g — 


BR  x 

i — cos.  n Eg 

ER 

BR  X 

i — pos.  n E g 

* 

E R' 

B R x 

l — COS.  n Eg 

ER 

B R x 

t — cos.  m Eg 

ElT 


Suppose  A B horizontal,  the  ascent  D C A,  that  for  every 
6 feet,  as  C N in  a horizontal  piano,  the  vertical  rise  N A should 
be  one  foot ; this  slope  is  too  steep  for  any  common  road,  but 
may  sometimes  be  met  with  in  ascents  from  stone  quarries, 
gravel  pits,  &c.  In  this  case,  the  angle  «Ey  will  he  nearly 
9°  28',  which,  expressed  in  decimal  parts  of  the  radius,  gives 
sine  016622,  and  cos.  nEg  — 0*98638.  Then  if  E F = 200  lbs. 
BR=  34  feet,  ER  = 8 feet,  ER'  = 12  feet.  Then  shall 
wc  have, 

(1)  F $ — 200  »in  (0-16522  — 31iL=»2!2&) 

= 200  Jin.  tie  r 29*  — 31-710  ll«. 

(2)  ....  = 200  fin.  (010522  — 52IL=pS*S)) 

= 200  sin.  B014'Q9'=  32-25lb,. 

(3)  ....  e,  = 200  cos.  V°  V 211’  — 177*47  lbs. 

(4)  E q ~ 200  cos.  y°  14’ 29*  ~ 107 -104  lbs. 

Hence  it  appears,  that  the  horse  whose  breast  is  at  E is 
polled  downwards  by  the  other  horse,  with  a force  equivalent 
to  about  32lbs:  this  weight  is  small  for  a horse  that  is  not 
fatigued ; but  we  should  consider,  that  when  drawing  up  a 
steep  road  the  animal's  strength  is  much  weakened,  so  that  it 

17. 


may  be  obliged  to  yield  to  a very  small  effort.  A lengthening 
of  four  feet  to  a trace  of  eight  feet,  will  produce  an  augmenta- 
tion of  32*25  — 31*716  zz  0*634  lbs.  in  the  effort  which  tends  to 
pull  the  shaft  horse  down,  and  a diminution  of  197*47  — 197*404 
— 0*066  lbs.  in  the  effort  which  raises  the  load  tip  the  hill. 
These  quantities  arc  not  considerable ; but  it  appeared  desirable 
to  explain  the  method  of  ascertaining  their  magnitude.  And  it 
may  be  added,  that  when  a horse  pulls  for  only  a short  time, 
as  a few  minutes,  he  will  often  exert  a force  equivalent  to  500 
or  GOO  lbs. : in  which  case,  the  tendency  to  pull  down  a shaft 
horse  rising  a hill  would  be  thrice  as  much  as  we  have  stAted 
it  above ; a force  against  which  no  horse  could  stand  in  such  a 
disadvantageous  position. 

On  the  Position  of  the  Centre  of  Gravity,  and  the  manner  of 
disposing  the  Load. — If  the  axletree  of  a two-wheeled  carriage 
pass  through  the  centre  of  gravity  of  the  load,  the  carriage  will 
he  in  cquilibrio  in  every  position  in  which  it  can  be  placed  with 
respect  to  the  axletree;  and  in  going  up  and  down  hill  the 
whole  load  will  be  sustained  by  the  wheels,  and  will  have  no 
tendency  either  to  press  the  horse  to  the  ground,  or  to  raise 
him  from  it.  But  if  the  centre  of  gravity  is  above  the  axle- 
tree,  as  it  must  necessarily  be,  according  to  the  present  con- 
struction of  wheel-carriages,  a great  part  of  the  load  will  be 
thrown  on  the  back  of  the  horses  from  the  wheels  when  going 
down  a sleep  road,  and  thus  tend  to  accelerate  the  motion  of 
the  carriage  which  the  animal  is  striving  to  prevent;  while,  in 
ascending  steep  roads,  a part  of  the  load  will  be  thrown  behind 
the  wheels,  and  tend  to  raise  the  horse  from  the  ground,  when 
there  is  the  greatest  necessity  for  some  weight  on  bis  back  to 
enable  him  to  fix  his  feet  in  the  earth,  and  overcome  the  great 
resistance  which  is  occasioned  by  the  steepness  of  the  road. 
On  the  contrary,  if  the  centre  of  gravity  is  below  the  axle,  the 
horse  will  be  pressed  to  the  ground  in  going  up  hill,  and  lifted 
from  it  when  going  down.  In  all  these  cases,  therefore,  where 
the  centre  of  gravity  is  cither  on  the  axletree,  or  directly  above 
it  or  below,  the  horse  will  bear  no  part  of  the  load  on  level 
grouAd  : in  some  instances  he  will  be  lifted  from  the  ground, 
when  there  is  the  greatest  necessity  for  his  being  pressed  to  it, 
and  he  will  sometimes  bear  a great  proportion  of  the  load, 
when  he  should  rather  be  relieved  from  it.  The  only  way  of 
remedying  these  evils,  is,  to  assign  such  a position  in  the 
centre  of  gravity,  that  the  horse  may  bear  some  portion  of  the 
weight  when  he  must  exert  great  force  against  the  load,  that 
is,  in  level  ground,  and  when  he  is  ascending  steep  roads  ; for 
no  animal  can  pull  with  its  greatest  effort,  unless  it  is  enabled 
to  use  its  feet  as  levers  upon  the  ground  as  a prop  or  fulcrum. 
This  may  be  effected  in  the  following  manner: — Let  C I)  E 
(last  figure  but  two)  be  the  wheel  of  a cart,  AH  one  of  the 
shafts,  H that  part  of  the  shaft  by  which  the  cart  is  suspended 
over  the  horse's  back,  A the  axletree  ; then  if  the  cart  and  (he 
load  together  weigh  400 lbs,  if  the  distance  A II  be  8 feet,  and 
if  the  horse  should  bear  50lhs  of  the  weight,  then  h A should  be 
one  foot,  which  being  one-eighth  of  A H,  will  make  the  pressure 
2 Q 
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up oo  H exactly  60  lbs,  for  JJO  X 0 = 400,  the  whole  load.  If 
the  road  slopes  4 inches  in  a foot’  b.i)  must  be  4 inches,  or  the 
angle  4AQ  should  be  equal  to  the  inclination  of  the  road  ; for 
then  the  point  Q will  rise  to  a m when  nscgvtling  such  a road, 
and  will  press  with  its  greatest  force  on  R tl»«  hack  of  the 
horse.  In  a word,  the  centre  of  gravity  Q is  placed  in  a point 
equidistant  from  the  two  wheels,  bat  before  the  line  of  trac- 
tion A H,  and  before  the  axle  tree — the  horse  will  bear  a certain 
weight  on  level  ground,  a greater  when  going  up  hilt,  and  has 
more  occasion  for  it,  and  less  weight,  when  going  down  hill, 
and  does  not  require  to  be  pressed  to  the  ground.  When  earls 
are  not  made  in  this  manner,  wemay,  in  some  measure,  obtain 
the  same  result  bv  judiciously  loading  them.  In  a cart  loaded 
with  homogeneous  materials,  as  sand,  lime,  8cc.  let  us  suppose 
the  centre  of  gravity  is  nt  O,  we  should,  with  another  load  of 
heterogeneous  materials,  or  bodies  of  dillercnt  weights,  place 
the  heaviest  at  the  bottom  and  nearest  the  front,  which  would 
lower  the  point « ; bring  it  further  forward,  and  nearer  its  pro- 
per position  Q.  where  part  of  the  load  suspended  before  the 
centre  of  gravity  would  still  come  nearer  Q ; but  then  the  poor 
horse  is  very  injudiciously  burdened. 

Description  of  different  Carriages  that  move  without  Horses. — 
In  the  annexed 
figure  is  repre- 
sented a carriage 
Invented  by  Mr. 

Richard,  a phy- 
sician in  Rochelle, 
which  moves  with- 
out horses,  merely 
by  the  exertion  of 
the  passengers. 

The  machinery  by 
which  this  is  ef- 
fected, is  placed 
in  a box  behind 
the  carriage,  and 
is  shewn  in  tho 
2d  figure,  where 

A A is  a small  . , . 

axis  fixed  in  the  box,  and  B a pulley, over  which  a rope  passes, 
whose  two  extremities  arc  tied  to  the  ends  of  the  levers  or 


trcddlcs  C,  D ; the  other  ends  of  the  levers  are  fixed  by  joints 
to  the  cross  beam.  The  cranks  F F are  fixed  to  the  axle  K L, 
and  move  upon  it  as  a centre.  Eaeh  of  them  has  a detent 
tooth  at  F,  which  catches  in  the  teeth  of  the  wheels  H,  H,  so 
that  they  can  move  from  F to  H without  moving  tho  wheel,  but 
the  detent  tooth  catches  in  the  teeth  of  the  wheels  when  the 
cranks  are  brought  backward,  and  therefore  bring  the  wheel 
along  with  them.  When  the  foot  of  the  passenger,  therefore, 
is  placed  upon  the  treddle  P,  it  brings  down  the  crank  F and 
along  with  it  the  wheel  H,  so  that  the  large  wheels  fixed  on  the 
same  axis  perform  part  of  a revolution;  but  when  P is 
depressed,  the  rope  P A descends,  the  extremity  C of  the  other 
treddle  rises,  and  the  crank  F rising  along  with  it,  takes  into 
the  teeth  of  the  wheel  H,  so  that  when  the  elevated  treddle  C 
is  depressed,  the  wheels  H.  H,  and  consequently  the  wheels  1,1, 
perform  another  part  of  a revolution.  In  this  way,  by  con- 
tinuing to  work  at  the  trcddlcs,  the  machine  advances  with  a 
regular  pace. 

A carriage  of  this  kind,  where  the  mechanism  is  much  more 
simple  and  beautiful  than  that  which  we  have  described,  has  j 


been  lately  invented  and  constructed  by  Mr.  Nasmyth,  uf 
Edinburgh,  a gentleman  whose  mechanical  genius  is  scarcely 
inferior  to  his  talents  as  a paluter.  The  pulley  B and  axle  A A, 
are  rendered  unnecessary  ; leather  strap*  are  substituted  in 
place  of  the  cranks  F,  F,  and  the  whole  mechanism  is  contained 
in  two  small  cylindrical  boxes,  about  six  inches  in  diameter, 
and  one  and  a half  broad. 

A carriage  driven  by  the  action  of  the  wind  is  exhibited  in 
'the  annexed  figure.  It  is  fixed  on  four  wheels,  and  moved  by 

the  impulse  of 
the  wind  upon 
the  sails  C.P, be- 
ing guided  by 
the  rudder  E. 
Carriages  of  this 
kind  will  answer 
very  well  in  * a 
level  country 
where  the  roads 
are  good  and  the 
wind  fair;  and 
are  said  to  bo. 
used  in  Chinn. 
In  Holland  they 
L,  sometimes  use 
similar  vehicles 
for  travelling 
upon  the  ice ; 

. . but  they  bare  a 

sledge  instead  of  wheels,  so  that  if  the  ice  should  happen  to 
break,  there  will  be  no  danger  of  sinking.  Ntephinus.  a Dutch- 
man, is  said  to  have  constructed  one  of  these  carriages  with 
wheels,  which  travelled  at  the  rate  of  21  miles  an  hour  with  a 
very  strong  wind. 

Dr.  Piiebus,  of  New  York,  has  caused  a wheyl  to  bo  con- 
structed which  is  put  in  motion  by  the  wind.  The  plan  of  it  is 
very  simple.  It  has  eight  horizontal  spokes  attached  to  a per- 
pcndicular  axle.  Every  one  of  the  spokes  is  furnished  with  a 

j,  Glenda  or  contracts  at  pleasure,  something  like  the 

sails  of  a vessel.  Every  sail  is  hooked  up,  from  the  right  to 
thelefi,  to  the  first  loop  of  that  which  follows;  and  they  aro 
•uueientlv  large  to  receive  the  full  impulse  given  by  the  wind. 
This  machine,  which  is  more  easy  to  conceive  than  to  describe, 
is  very  ingenious,  and  may  be  employed  iu  a great  number  of 
manufactures. 

The  carriage  represented  in  the  annexed  figure,  is  made  so 
as  to  sail  against  the  wind  by  means  of  the  spiral  sails  E,  F, 
U,  H,  one  of  which,  F,  Is  expanded  by  the  wind.  The  impulse 


of  the  wind  upon  the  sails  gives  a rotatory  motion  to  the  axle 
M,  furnished  with  a cog-whcel  K,  whose  trundles  act  upon 
teeth  placed  on  the  inside  of  the  two  fore  wheels. 

A carriage  which,  cannot  be  overturned,  is  represented  in 
the  next  figure,  where  A B is  the  body  of  the  carriage,  con- 
sisting of  a hollow  globe,  made  of  leather  or  wood,  at  the 
bottom  of  whioli  is  placed  an  immoveable  weight.  Two  hori- 
zontal circles  of  iron,  P,  E,  connected  with  bars  H,I,  and  two 
vertical  circles  P,  O,  surround  the  globe  ; and  tho  wheels  arc 
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fastened  by  a han- 
dle K to  the  per- 
pendicular bars 
H,  I.  O,  P,  are 
handles  or  shafts 
by  which  to  move 
the  machine  along, 

Jtf  is  one  wheel,  amt 
on  the  opposite 
side  is  another.  O 
is  a window.  The 
door  may  be  next 
to  O P.  Then, 
since  the  body  of 
the  carriage  moves 
freely  in  every  di- 
rection within  the 
iron  circles,  the 
centre  of  gratify  will  always  he  near  C,  and  the  carriage  will 
preserve  an  upright  position  even  if  the  wheels  and  frame  were 
overturned. 


Stage  Voucher  and  Waggons. —The  danger  of  a stage  cocch 
overturning,  arises  either  from  two  wheels  on  one  side  being 
driven  into  a hole,  a ditch,  or  over  a high  bank,  or  running 
quickly  to  Ihe  side  of  a road  very  much  rounded  from  its 
crown ; or  from  tnrning  a sharp  corner  with  great  velocity. 

The  breaking  dov-n  of  any  coach  is  a disastrous  and  fatal 
accident,  which  will  happen  in  fnture,  as  it  has  happened  here- 
tofore; and  can  only  be  prevented  l»y  the  use  of  two  pairs  of 
idle  wheels  placed  within  tbe  wheels  in  use,  which  Is  much  the 
flame  as  if  we  were  travelling  in  two  separate  carriages. 

A Coach  may  be  overturned  by  tbe  centre  of  gravity  being 
placed  too  high.  Holes,  ditches,  banks,  rounded  roads,  cor- 
ners, and  unequally  loading  to  displace  the  centre  of  gravity,  arc 
all  to  be  avoided  by  care,  skill,  and  prudence ; and  in  general 
by  having  the  wheels  perpendicular  to  the  road,  i.  e.  to  the 
horizon,  for  the  broader  the  base,  and  tbe  nearer  the  line  of 
direction  is  to  the  centre,  the  more  firmly  docs  the  coach  roll 
along  ; on  the  contrary,  the  narrower  the  base,  i.e.  the  wheels, 
such  as  tbe  conical,  and  tbe  nearer  the  line  of  direction  is  to 
its  side,  the  more  easily  may  the  coach  be  overthrown. 


Suppose  an  overloaded  waggon  slopes  on  an  uneven  road, 
as  shewn  in  the  annexed  figure,  till  the 
centre  of  gravity  is  at  the  point  A;  your 
eye  will  tell  yon  that  a vehicle  thus 
situated,  must  overset;  and  the  reason 
is,  that  tho  cenlro  of  gravity  A,  is  not 


upported ; for  if  you  draw  a perpendi- 
ular  lind  from  it  to  the  gtouncl  at  C,  it 


I from  it  to  the  gYouni 
does  not  fgll  under  the  waggon  within 
tbe  wheels,  and  is  therefore  not  sup- 
ported by  them.  If,  however,  we  re- 
move tho  centre  of  gravity  to  B,  by 
taking  off  the  upper  part  of  the  load,  the 
waggon  will  not  overturn,  because  the 
line  of  direction  B D falls  within  the  wheels  at  D. 

The  wheels  of  carriages  turn  round,  on  account  of  the  fric- 
tion they  sustain  in  contact  with  the  roads;  and  large  wheels 
are  more  advantageous  than  small  ones.  In  four-wheeled  car- 
riages, the  fore  wheels  are  made  smaller  than  the  hind  ones,  for 
the  convenleocy  of  turning;  otherwise  they  would  be  better  of 
the  same  siu.  Broad  wheels  arc  better  for  heavy  carriages— 
such  as  waggons — because  they  press  and  harden,  instead  of 
cutting  up  the  roads,  as  small  wheels  do. 

Much  attention  has  of  late  keen  paid  to  the  safety  of  pas- 
sengers, by  the  construction  of  coaches  in  which  the  centre  of 
gravity  is  brought  very  low,  and  the  risk  thereby  greatly 
lessened.  The  legislature  should  pass  an  act  to  compel  wag- 
gon-masters, van-proprietors,  and  coach-makers,  to  turn  out 
such  machines  only  as  have  their  centres  of  gravity  placed 
within  the  line  of  direction,  when  loaded  at  their  utmost 
draught.  It  may  bo  indifferent  to  draught,  whether  a ton  be 
placed  on  the  roof  of  a coach,  or  at  its  door  2 feel  from  the 
ground ; but  it  is  material  to  danger  and  safety,  that  a ton 
weight  be  within  2,  rather  than  7 feet  of  the  ground. 


CARTES,  Ufa nfs  des,  a celebrated  French  mathematician 
Des  Cartes  explains  mechanically  how  the  world  was  formed^ 
and  how  the  present  phenomena  of  nature  came  to  arise.  Ho 
supposes  that  God  created  matter  of  an  indefinite’extenaion. 
which  He  separated  into  small  square  portions  or  masses,  full* 
of  angles  : that  he  impressed  two  motions  on  this  matter;  the 
one,  by  which  each  part  revolved  about  its  own  centre;’ and 
another,  by  which  an  assemblage,  or  system  of  them,  turned 
round  a common  centre.  From  whence  arose  as  many  dif- 
ferent vortices,  or  eddies,  as  there  were  different  masses  of 
matter,  thus  moving  about  common  centres. 

Tho  consequence  of  these  motions  in  each  vortex,  according 
to  Des  Cartes,  is  as  follows;— The  parts  of  matter  «ou!d  not 
thus  move  and  revolve  amongst  one  another,  without  having 
their  angles  gradually  broken ; and  this  continual  friction  of 
parts  and  angles  must  produce  three  elements;  tho  first  of 
these,  an  infinitely  tine  dust,  formed  of  the  angles  broken  off- 
the  second,  the  spheres  remaining  after  all  the  angular  parts 
are  thus  removed  ; and  those  particles  not  yet  rendered  smooth 
and  spherical,  hut  Still  retaining  some  of  their  angles  and 
hamous  parts,  from  the  third  element. 

Now  the  first  or  suhtilest  clement,  according  to  the  laws  of 
motion,  mu9t  occupy  the  centre  of  each  system,  or  vortex,  by 
reason  of  the  smallness  of  its  parts;  and  this  is  the  matter 
which  constitutes  the  sun,  and  the  fixed  stars  above,  and  the 
fire  below.  The  second  element,  madcap  of  spheres,  forms 
the  atmosphere,  and  all  the  matter  between  the  earth  and  the 
fixed  stars,  in  such  sort,  that  the  largest  spheres  arc  always 
next  the  circumference  of  the  vortex,  and  the  smallest  next  the 
centre.  The  third  clement,  formed  of  the  irregular  particles, 
is  tbe  matter  that  composes  the  earth,  and  all  terrestrial  bodies’ 
together  with  comets,  spots  in  the  sun,  Stc. 

He  accounts  for  the  gravity  of  terrestrial  bodies  from  the 
centrifugal  force  of  the  ether  revolving  round  the  earth ; and 
upon  the  same  general  principles  he  pretends  to  explain  the 
phenomena  of  tho  maguet,  and  to  account  for  all  the  other 
operations  in  nature. 

Des  Cartes  infers  the  existence  of  Cod  from  the  principle, 

} Cogito,  ergo  sum;"  “ I think,  therefore  I am!"  and  thinks  his 
inference  just,  because  it  satisfies  his  reason : he  proceeds  on  a 
supposition,  that  what  satisfies  his  reason  is  true  ; and  takes  it 
for  granted,  that  his  reason  is  not  a fallacious  but  a true  faculty : 
benco  his  argument  proceeds  on  a supposition,  that  the  point 
to  be  proved  is  true.  He  therefore  attempts  to  prove  the 
truth  of  our  faculties  by  an  argument  which  evidently  and 
necessarily  supposes  thoir  truth  ; and  consequently  his  meta- 
physics is  built  on  sophisms.  As  this  philosopher  doubted 
where  he  ought  to  have  been  confident,  so  he  is  often  confident 
where  he  ought  to  doubt.  He  admits  not  his  own  existence 
till  he  thinks  he  has  proved  it ; yet  his  system  is  replete  with 
hypotheses,  taken  for  granted  without  proof,  almost  without 
examination.  He  sets  out  with  the  profession  of  universal 
scepticism,  while  many  of  bis  theories  are  founded  on  the  most 
unpbilosopbical  credulity.  Des  Cartes  erred  materially  when 
he  concluded,  that  the  most  porfect  kind  of  scicnco  was  to  be 
arrived  at  by  inferring  effects  from  their  causes ; for,  con- 
sistently with  this  conclusion,  he  endeavoured,  from  his  know- 
Iwige  of  the  Deity,  (which  must  necessarily  be  imperfect,)  to 
deduce  an  explication  of  all  his  work,  and  thus  produced  a 
system  almost  in  every  respect  repugnant  to  truth  and  expe- 
riment. Des  Cartes  was  so  far  from  applyiog  geometry  and 
observations  to  natural  philosophy,  that  his  whole  system  is 
one  continued  blunder,  on  account  of  his  negligence  in  that 
point.  His  theory  of  vortices,  upon  which  his  system  is 
founded,  is  absolutely  false;  for  Newton  has  shewn,  that  the 
periodical  times  of  all  bodies  that  swim  in  vortices,  must  bo 
directly  as  the  squares  of  tkeir  distances  from  the  centre  of  them ; 
but  it  is  evident,  from  observations,  that  the  planets,  in  mov- 
ing round  the  sun,  observe  a law  quite  different  from  this  ; for 
the  squares  of  their  periodical  times  are  always  as  the  tubes  of 
their  distances ; and  therefore,  since  they  do  not  observe  that 
law,  which  of  necessity  they  must  if  they  swim  in  a vortex,  it 
is  a demonstration  that  there  are  no  vortices  in  which  the 
planets  aro  carried  round  the  sun  ; and  therefore  Des  Cartes' 
hypothesis  is  absurd,  irrational,  and  not  capable  of  mathema- 
tical proof. 
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The  Cartesian  system  has  been  often  altered  and  mended ; 
many  ingenious  men,  for  full  a century,  employing  their  talents 
in  reforming  one  part  and  new-modelling  another.  But  it  is 
now  acknowledged  on  all  hands,  that  the  foundation  was 
faulty,  and  the  superstructure  erroneous ; so  that  the  fabric, 
though  allowed  to  he  a work  of  genius,  is  abandoned  to  neglect 
and  ruin,  and  is  pointed  at  as  a memorial  of  philosophical 
resumption.  Yet  this  system,  or  one  much  more  absurd,  has 
een  broached  of  late,  by  a person  who  denominates  bis  vaga- 
ries, “ the  philosophy  of  Atomic  motion."  Des  Cartes  died 
in  1650. 

CARTWRIGHT,  a person  who  makes  carts,  ploughs,  har- 
rows, w heelbarrows,  and  in  short  all  sorts  of  country  and  farm- 
ing carpentry, — for  the  word  wnght  signifies  in  the  North,  a 
joiner.  But  cartwrights  arc  confounded  with  wheelwrights, 
though  the  latter  only  were  recognized  in  old  times  ns  the 
legitimate  makers  of  carriages,  of  what  name  soever  these 
might  he  called. 

CASKS,  The  Manufacture  of,  is  now  much  facilitated  by 
machinery,  which  was  Invented  by  Messrs.'  Flaketc  and  Brown, 
in  1811,  and  is  thus  perspicuously  described  in  Dr.  Gregory’s 
*'  Mechanics.” 

” First.  The  machinery  for  cutting  the  slave  consists  of  a 
stout  bench,  having  a board  or  platform  annexed  to  it,  capable 
of  being  moved  endways,  to  which  another  board  is  connected, 
so  arranged  as  to  be  moved  across  it  steadily  by  racks  and 
pinions,  or  screws.  This  last  board  has  a hollow  part  made  in 
it,  in  which  the  staveboard  may  be  laid,  so  that  one  edge  of  it 
may  project  clear  beyond  the  edge  of  the  first  mentioned  board ; 
a circular  saw  is  placed  cither  above  or  below  the  bench, 
having  its  axis  at  right  angles  to  the  line  of  motion  of  the  first 
mentioned  board,  and  opposed  to  the  direction  of  the  course  of 
the  projecting  part  of  the  stavchuard ; this  circular  saw  is  made 
Hal,  when  the  straight-edged  staves  are  to  be  cut;  and  is 
dished,  or  of  a spherical  shape,  when  staves  with  curved  edges 
arc  wanted. 

“ The*  board  first  mentioned  is  moved  cither  in  a right  line, 
or  is  made  to  assume  a curved  course  by  being  confined  in 
its  motion  by  curved  grooves,  or  by  curved  rods  moving 
against  pins  ; and  by  the  proper  management  of  these  sliding 
boards,  the  staveboard  is  cut  by  the  circular  saw,  of  the  shape 
desired. 

" The  machinery  next  used  consists  of  a large  Inlhe,  in  which 
the  cask  is  turned  in  a vertical  position  when  it  is  of  a large 
size,  (after  it  is  formed  in  the  usual  manner  from  the  staves 
prepared  as  above  described.)  being  either  fixed  in  a great 
chuck  placed  beneath  it,  or  in  a cv  lindrfeal  cage,  which  sur- 
rounds it,  fixed  upon  a strong  upright  arbor,  and  revolving 
between  collars,  where  it  serves  the  office  of  a mandril.  In  this 
lathe  the  chime  and  groove  for  receiving  the  head  arc  turned 
in  the  cask  by  the  application  of  a proper  tool.  When  the  cask 
is  small,  the  cage  is  made  to  turn  in  a horizontal  position, 
instead  of  revolving  vertically. 

**  The  third  operation  is  to  form  the  head,  which  is  pinioned 
together  as  usual,  after  having  the  pinholes  made  by  piercers, 
projecting  from  the  mandril  of  a lathe  ; the  distances  and  depth 
of  which  holes  are  correctly  regulated  by  gauges  ; it  is  then 
turned  on  a fiat  revolving  table,  from  which  points  project  to 
bold  it  fast,  and  against  which  it  is  held  by  another  revolving 
piece,  that  is  screwed  towards  the  first,  where  it  is  brought  to 
the  proper  size  of  the  cask  by  fit  tools. 

“ The  fourth  operation  is  to  turn  the  whole  cask  at  the  out- 
side ; for  which  purpose,  it  is  placed  in  a large  lathe  between 
two  chucks,  made  to  fit  into  the  chines,  and  attached  to  the 
head  by  points  ; and  then  the  surface  of  the  cask  is  turned 
smooth  by  aspokeshavc,  or  other  fit  instrument,  held  against  it 
liy  a rest  properly  placed  for  the  purpose. 

*•  The  patentees  hend  the  wooden  hoops  for  their  casks  in  a 
more  expeditious  manner,  by  fastening  one  end  of  them  to  the 
circumferenco  of  a wheel,  and  pressing  them  against  the  wheel 
as  it  is  turned  round  : they  also  describe  a method  of  forming 
the  projecting  part  in  the  bung  staves  of  the  small  casks,  called 
bottles,  by  fiat  orconrave  circular  saws,  which  cuf'the  face  of  the 
stave  on  each  side  close  up  to  the  projection;  and  lastly,  in 
giving  motion  to  this  machinery,  the  inventors  use  any  of  the 
usual  first  movers,  and  millwork,  as  may  be  necessary.” 


CASSINI,  John  Dominic,  an  eminent  astronomer,  born  at 
a town  in  Piedmont,  in  1025.  In  1050  he  was  invited  to  the 
senate  of  Bologna  to  be'tbeir  public  mathematical  professor, 
while  he  was  y et  but  twenty-five  years  of  age.  He  resolved  an 
astronomical  problem,  which  Kepler  and  BaWaldus  had  given 
up  as  insolvable,  viz.  to  determine  geometrically  the  apogee 
and  eccentricity  of  a planet,  from  its  true  and  mean  place.  In 
1006  he  printed  at  Rome  a collection  of  astronomical  pieces, 
and  among  others,  a “Theory  of  Jupiter’s  Satellites.”  Cassini 
died  in  1712,  in  the  87 ih  year  of  his  age. 

Cassini,  John  James,  the  son  and  successor  of  the  above, 
born  at  Paris  in  1077,  and  educated  at  the  Mazarine  College, 
under  Varignon,  Professor  of  Mathematics.  At  the  age  of 
seventeen  he  was  admitted  a member  of  the  Academy  of 
Sciences ; and  in  1606  he  visited  England,  where  he  was 
chosen  a Fallow  of  the  Royal  Society.  He  succeeded  bis 
father  In  1712,  and  enriched  the  stock  of  science  with  many 
valuable  discoveries.  He  died  in  consequence  of  a fall,  in  1766k 

CASSIOPEIA,  one  of  the  Northern  Constellations,  repre- 
sented as  the  Wife  of  Cepheus,  and  Mother  of  Andromeda,  but  is 
called  Ei  Setter,  the  Cedar  tree,  by  Ulug  Bcig.— The  boundaries 
and  contents  are:  north  by  Tarandus,  east  by  Camelopardalis 
and  Perseus,  south  by  Andromeda,  and  west  by  Cepheus.  This 
constellation,  situated  between  45°  and  76°  north  declination, 
passes  vertically  over  the  British  isles,  and  a large  portion  of 
Europe.  It  lies  between  47°  and  66°  right  ascension.  It  contains 
55  stars,  viz.  five  of  the  3d  magnitude,  five  of  the  4th,  ficc.  The 
head  and  body  of  this  lady  are  placed  in  the  Milky  Way,  her 
right  foot  resting  on  the  Arctic  Circle.  Relatively  to  the  two 
Bears,  Cassiopeia  is  placed  opposite  to  the  space  between 
them,  and  she  is  very  easily  distinguished  by  five  stars  of  the 
3d  magnitude.  In  the  year  1752,  Tycho  Brahe  discovered  in 
this  constellation,  a new  star  which  shone  with  more  light  than 
Venus,  till  1674,  when  It  disappeared  entirely.  Sehedir,  a, 
having  7°  35'  T,  or  Oh  29*  40*  right  ascension,  and  55°  tf  68* 
declination  north,  culminates  or  comes  to  the  meridian  at  Lou- 
don, for  the  first  day  of  every  month  during  the  year,  as  shewn 
in  the  following  table  : Meridian  Altitude  85°  2 north. 


Month. 

Ctlm. 

bn.  mi. 

Month. 

COLM. 
bo.  «i. 

Month. 

Coin. 

bo.  mu 

Jan. 

5 43  A. 

Mar 

9 51  M. 

8*pt. 

1 41  M. 

Feb. 

3 31  A- 

Jaoe 

7 41  M. 

Oet. 

11  54  A. 

March 

1 40  A 

Jalj 

5 41  M- 

Nor. 

lo  1 A. 

April 

11  41  M. 

Aug. 

3 il  M. 

Doc. 

7 50  A. 

CASTING  and  Moulding.  The  art  of  taking  impressions 
from  pieces  of  sculpture,  medals,  &c.  is  of  importance  in  the 
fine  arts.  To  procure  a cast  from  any  figure,  bust,  medal.  Sec. 
it  is  necessary  to  obtain  a mould,  by  pressing  upon  the  thing 
to  be  copied  some  substance  capable  of  being  forced  into  all 
the  cavities  or  hollows  of  the  sculpture.  When  this  mould  is 
dry  and  hard,  some  substance  which  will  fill  all  the  cavities  of 
the  mould  is  poured  into  it : the  form  of  the  original  from  which 
the  mould  was  taken,  is  now  accurately  represented.  Mould- 
ing in  any  particular  manner  depends  upon  the  form  of  the 
subject.  When  there  arc  no  projecting  parts  but  such  as  form 
rectilineal  angles  with  the  principal  surface  of  the  body, 
nothing  more  is  necessary  than  to  cover  it  over  with  the  sub- 
stance of  which  the  mould  is  to  be  formed,  and  to  take  it  off 
clean,  and  without  bending.  It  may  be  laid  horizontally,  and 
will  bear  to  be  oiled  without  injury. 

The  substances  used  for  moulding  are  various,  according 
to  the  nature  and  the  situation  of  the  sculpture,  as  waa, 
metal,  plaster  of  Paris,  &c.  This  last  is  prepared  in  a fino 
powder  mixed  with  water,  and  poured  over  the  mould  to  a 
convenient  thickness,  after  oiling  it,  to  prevent  the  plaster  from 
sticking.  A composition  of  bees’  wax.  resin,  and  pitch,  makes  a 
very  desirable  mould,  if  many  casts  arc  to  be  taken.  If  the  situa- 
tion of  the  sculpture  be  perpendicular,  clay,  or  some  similar 
substance,  mast  be  ased.  The  best  kind  of  clay  is  that  with 
which  sculptors  make  their  models;  it  is  worked  to  a due  con- 
sistence, and  having  spread  it  out  to  a size  sufficient  to  cover 
all  the  surface,  it  is  sprinkled  over  with  whiting,  to  prevent  it 
from  adhering  to  the  original.  Bees’  wax  and  dough,  or  the 
crumb  of  new  bread,  may  also  be  used  for  moulding  some 
small  subjects,  as  impressions  of  seals  and  bijoux.  Whew 
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there  Are  undercuttings  in  the  bas-relief,  they  must  be  first  filled 
up  before  it  can  be  moulded,  otherwise  the  mould  could  not  be 
got  off.  When  the  easts  are  taken  afterwards,  these  places 
mu^t  be  worked  out  with  p proper  tool.  When  the  model,  or 
original  subject,  is  of  a round  form,  or  projects  so  much  that  it 
cannot  be  moulded  in  this  manner,  the  mould  must  be  divided 
Into  several  parts ; and  it  is  frequently  necessary  to  cast 
several  parts  separately,  and  afterwards  to  join  them  together. 

In  this  case,  the  plaster  mnsi  be  tempered  with  water  to 
such  a consistence,  that  it  may  be  worked  like  soft  paste,  and 
laid  on  with  some  convenient  instrument,  compressing  it  tUt 
it  adapt  itself  to  all  parts  of  the  surface.  When  the  model  is 
thus  covered  to  a convenient  thickness,  the  whole  is  left  at 
rest  till  the  plaster  become  firm,  so  as  to  bear  dividing  without 
falling  to  pieces  by  any  slight  violence  ; it  must  then  be  divided 
into  pieces  to  be  taken  from  the  model.  This  is  done  by  cat- 
ting it  with  a thin-bladcd  knife ; being  now  divided,  it  must  be 
caatiously  taken  off,  and  kept  till  dry  ; but,  before  the  separa- 
tion of  the  parts  is  made,  they  are  notched  across  the  joints,  at 
proper  distances,  that  they  may  with  certainty  be  put  together 
again.  The  art  of  properly  dividing  the  moulds,  to  make  them 
separate  from  the  model,  requires  dexterity  and  skill.  Where 
the  subject  is  of  a round  or  spheroidal  form,  it  is  best  to  divide 
the  monld  into  three  parts,  which  will  then  easily  come  off  from 
the  model ; and  the  same  will  hold  good  of  a cylinder,  or  any 
regular  curve  figure. 

The  mould  being  thus  formed,  and  dry.  and  the  parts  put 
together,  it  most  he  first  oiled,  and  placed  in  such  a position 
that  the  hollow  may  lie  upwards.  It  is  then  filled  with  plaster 
mixed  with  water;  and  when  the  cast  is  perfectly  set  and  dry, 
it  is  taken  out  of  the  mould,  and  repaired  where  necessary. 
This  finishes  the  operation.  In  larger  masses,  where  there 
would  otherwise  be  a great  thickness  of  the  plaster,  a core  may 
be  put  within  the  mould,  as  was  observed  in  regard  to  the  cast- 
ing of  statues,  to  produce  a hollow  in  the  cast.  This  saves 
expense  of  plaster,  and  renders  the  cast  lighter. 

In  the  same  manner,  figures,  busts,  Ac.  may  be  cast  of  lead, 
or  any  other  metal,  in  the  moulds  of  plaster  or  olny  ; the  moulds 
most  ]>e  perfectly  dry,  for  should  there  be  any  moisture,  the 
sudden  heat  of  the  metal  will  convert  it  into  vapour,  and  pro- 
duce by  its  expansion,  an  explosion,  that  would  blow  the 
melted  metal  about  to  the  great  danger  of  the  artist. 

To  take  a Cast  in  Metal  from  any  small  Animal,  Insect,  or 
Vegetable.— Prepare  a box,  sufficiently  large  to  bold  the  animal, 
in  which  jt  must  be  suspended  by  a string  : the  legs,  wings.  Ac. 
of  the  animator  the  tendrils,  leaves,  Ac.  of  the  vegetable,  must 
be  separated  and  adjusted  in  their  right  position  by  a pair  of 
pincers.  A due  quantity  of  plaster  of  Paris  mixed  with  talc, 
must  be  tempered  to  a proper  consistence  with  water,  and  the 
sides  of  the  box  oiled.  Also  a straight  piece  of  stick  must  be 
put  to  the  principal  part  of  the  body,  and  pieces  of  wire  to  the 
extremities  of  the  other  parts,  that  they  mny  form,  when  drawn 
out  after  the  matter  of  the  mould  is  set  and  firm,  proper  clian- 
nels  for  pouring  in  the  metal,  and  vents  for  the  air,  which 
otherwise,  by  the  rarefaction  it  would  undergo  from  the  heat  of 
the  metals,  would  blow  it  out.  or  hurst  the  mould.  In  a short 
time  the  plaster  will  set,  and  become  hard  , the  stick  and  wires 
may  now  be  drawn  ont.  and  the  frame  in  which  the  mould  was 
cast  taken  away;  and  the  mould  most  then  he  put,  first,  into  a 
moderate  heat,  and,  afterwards,  when  it  is  as  dry  as  it  can  he 
rendered  by  that  degree,  removed  into  a greater,  which  may  be 
gradually  increased,  till  the  whole  he  red  hot.  The  animal  or 
vegetable  enclosed  in  the  mould  will  then  be  burnt  to  a coal ; 
and  may  Be  totally  calcined  to  ashes,  by  blowing  for  some 
time  into  the  charcoal  and  passages  made  for  pouring  in  the 
metal,  and  giving  vent  to  the  air.  This  operation,  at  the  same 
time  that  it  destroys  the  remainder  of  the  animal  or  vegetable 
matter,  will  blow  nut  the  ashen.  The  mould  is  then  allowed  to 
cool  gently;  the  destruction  of  the  substance  that  had  been 
included  in  it,  has  now  produced  a corresponding  hollow  ; but 
it  may  nevertheless  be  proper  to  shake  the  mould,  and  blow 
with  bellows  into  each  of  the  air  vents,  to  free  it  wholly  from 
anjr  remaining  ashes;  where  there  may  be  an  opportunity  of 
filling  the  hollow  with  quicksilver,  it  will  be  found  an  effectual 
method  of  cleaning  the  cavity,  as  all  dust  and  ashes  must  rise 
to  the  surface  of  the  quicksilver,  and  be  poured  out  with  it. 


The  mould  being  thus  prepaicd,  must  be  heated  very  hot, 
when  used,  if  the  cast  is  to  be  made  of  copper  or  brass,  hut 
a less  degree  will  serve  for  lead  or  tins.  The  racial  being 
poured  into  the  mould,  it  must  be  gently  struck,  and  then 
suffered  to  rest  till  it  be  cold;  it  is  then  carefully  taken  from 
the  cast,  hut  without  force;  such  parts  of  the  matter  as  appear 
to  adhere  more  strongly,  are  to  be  softened,  by  soaking  in  w ater 
till  they  be  entirely  loosened,  that  none  of  the  more  delicate 
parts  of  the  cast  may  he  broken  off  or  bent. 

When  talc  cannot  he  obtained,  plaster  alone  mny  be  used; 
it  is  apt  however  to  be  calcined,  by  the  heat  used  in  turning 
the  animal  or  vegetable  from  whence  the  cast  is  taken,  and  to 
become  of  too  incoherent  and  fusible  a texture.  Stourbridge 
clay,  washed  perfectly  fine,  and  mixed  with  an  equal  part  of 
hue  sand,  may  be  employed.  Pounded  pumice-stone,  and 
plaster  of  Paris,  in  equal  quantities,  mixed  with  washed  clay 
in  the  same  proportion,  make  cxcllcnt  moulds. 

To  take  n Last  in  Plaster  from  a Person's  Fate,—  The  person 
whose  likeness  is  required  in  plaster.  lays  down  on  his  back, 
the  hair  is  tied  back,  so  that  none  of  it  may  cover  the  face.  Into 
each  nostril  a conical  piece  of  stiff  paper  open  at  both  ends  is 
conveyed,  to  allow  of  breathing.  The  face  is  then  lightly  oiled 
over  with  salad-oil,  to  prevent  the  plaster  from  sticking  to  tlm 
skin.  Fresh  burnt  plaster  is  mixed  with  water  to  a proper 
consistence,  and  poured  in  spoonfuls  all  over  the  face,  (tak- 
ing care  the  eyes  are  shut,)  till  it  is  entirely  covered  to  the 
thickness  of  a quarter  of  an  inch.  This  substanco  will  grow 
sensibly  hot,  but  this  the  patient  must  not  fear  ; for  in  a few 
minutes  the  plaster  will  be  hard.  This  being  taken  off,  will 
form  a mould,  in  which  a head  of  clay  may  be  moulded,  anil 
therein  the  eyes  may  be  opened,  and  such  other  additions  and 
corrections  may  be  made  as  are  necessary.  Then,  this  second 
face  being  anointed  in  oil,  a second  mould  of  plaster  is  Bade 
upon  it,  consisting  of  two  parts  joined  lengthwise  along  the 
ridge  of  the  nose  ; and  in  this  a cast  in  plaster  is  taken,  as  an 
exact  likeness  of  the  original. 

To  take  Casts  from  Medals, — To  take  copies  of  medals,  a 
mould  must  first  be  made,  of  plaster  of  Paris,  or  of  melted 
sulphur.  After  having  oiled  the  surface  of  the  medal  with  a 
little  cotton,  or  a camel's  hair  pencil  dipped  in  oil  of  olives,  a 
hoop  of  paper  must  be  put  round  the  medal,  standing  up  ahovo 
the  surface,  of  the  thickness  you  wish  the  mould  to  be.  Take 
now  some  plaster  of  Paris,  mix  it  with  water  to  the  consistence 
of  cream,  and  with  a brush  rub  it  over  the  surface  of  ibe  medal, 
to  prevent  airholes  from  appearing  ; then  immediately  after- 
wards make  it  to  a sufficient  thickness,  by  pouring  on  more 
plaster.  Let  it  stand  half  an  hour,  when  it  will  have  grown  so 
hard,  that  you  may  safely  take  it  off;  then  pare  it  smooth  on 
the  hack,  and  round  the  edges  neatly.  In  cold  or  damp  wea- 
ther it  should  he  dried  before  a brisk  fire.  When  the  mould  is 
large,  if  you  covrr  its  face  with  line  plaster,  a coarser  sort  will 
do  for  the  hack : but  no  more  plaster  should  be  mixed  up  at 
one  time  than  can  bo  used,  as  it  will  soon  get  hard,  and  cannot 
be  softened  without  being  horned  over  again.  Sulphur  must 
not  be  poured  upon  silver  medals,  as  this  will  tarnish  them.- 

To  prepare  your  mould  for  casting  sulphur,  put  plaster  of 
Paris  into  it,  take  half  a pint  of  boiled  linseed  oil,  and  one 
ounce  of  oil  of  turpentine,  and  mix  them  together  in  a bottle; 
dip  the  surface  of  the  mould  into  this  mixture ; take  the  mould 
out  again,  and  w lien  it  has  sucked  in  the  oil,  dip  it  again. 
Repeat  this  till  thr  oil  begins  to  stagnate  upon  it ; then  take  a 
little  cotton  wool,  hard  rolled  up.  to  prevent  the  oil  from  stick- 
ing to  it,  and  wipe  it  carefully  off.  Lay  it  in  a dry  place  for  a 
day  or  two,  (if  longer  the  better,)  and  the  mould  will  acquire  a 
very  hard  surface  from  the  effect  of  the  oil.  To  cast  plaster  of 
Paris  in  this  monld.  proceed  with  it  in  the  same  manner  as 
above  directed  for  obtaining  the  mould  itself,  first  oiling  the 
mould  with  olive  oil.  When  casts  are  wanted  of  sulphur,  the 
material  must  be  melted  in  an  iron  ladle. 

To  take  Casts  with  Isinglass. — Dissolve  isinglass  in  water 
over  the  fire.  With  a hair  brush  lay  the  wetted  isinglass  over 
the  medal.  Cover  it  properly,  and  let  it  dry.  When  hard, 
raise  the  isinglass  with  the  point  of  a knife,  and  it  will  fiy  off 
like  horn,  leaving  a sharp  impression  of  tho  medal.  You  may 
make  the  isinglass  of  any  colour,  by  mixing  that  colour  with  it 
when  in  a state  of  solution  ; or  you  may  breathe  on  the  concave 
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side,  and  lay  gold  leaf  on  it,  which,  by  shinirig  through,  will 
make  it  appear  like  a gold  medal.  A little  carmine  mixed  with 
the  isinglass  will  give  it  the  appearance  of  a copper  medal, 
observing  to  lay  the  gold  on  the  concave  aide. 

To  cost  Small  Works  in  Sand.— The  sand  is  usually  a soft 
yellowish  clammy  substance;  but  as  we  see  it  in  an  iron  foun- 
dery,  it  is  black,  from  the  charcoal  which  thfe  workmen  strew 
over  it.  This  sand,  after  being  placed  OTcr  a trough  to  receive 
it,  is  worked  on  a board,  with  a rollcT  and  a knife.  The  work* 
men  then  take  a board,  pulling  a ledge  round,  and  till  it  with 
sand,  a little  moistened,  to  make  it  cohere.  Then  the  wood  or 
metal  models  of  what  is  intended  to  be  cast,  are  applied  to 
the  mould,  and  pressed  into  the  sand,  to  leave,  the  impression. 
Along  the  middle  of  the  mould,  half  of  a small  brass  cy  liuder  is 
laid ; the  metal  runs  through  this  chasm  into  the  models;  from 
this  arc  placed  several  others,  to  each  model  placed  in  the  frame. 
After  the  frame  is  tinished,  the  workmen  then  take  out  the 
patterns,  by  loosening  them  all  round,  that  the  sand  may  not 
give  way.  They  then  work  the  other  half  of  the  mould  with  the 
same  patterns,  in  another  fiauie.  In  this  last  frame  arc  pins, 
which,  entering  into  cnricspondeul  holes  in  the  other,  make  the 
two  cavities  of  the  pattern  fall  exactly  on  each  other.  The 
frame  thus  moulded,  is  carried  to  the  multer.  lie  extends  the 


chief  canal  of  the  counterpart,  adds  the  cross  canals  to  the 
several  models  in  both,  and  strewing  mill-dust  over  them,  dries 
them  in  an  oven.  Both  parts  of  the  mould  being  dry,  are 
joined  by  llw  pins,  and  screwed  up  like  a press.  While  the 
moulds  arc  preparing,  the  metal  is  fusing  in  a crucible  of  a 
size  proportionate  to  the  quantity  of  metal  intended  to  be  cast. 

To  east  Cannon. — The  casting  cannons,  mortars,  and  other 
pieces  of  ordnance,  is  like  that  of  statues  and  bells,  especially 
as  it  regards  the  mould,  wax,  shell,  furnaces,  See.  The  mclAl 
is  different,  however,  having  a mixture  of  tin,  which  is  not  in 
that  of  statues  ; and  only  half  the  quantity  of  tin  that  is  in  bells, 
at  the  rate  of  ten  pounds  weight  of  tin  to  a hundred  of  copper. 
Cannons  are  always  thickest  at  the  breach,  where  the  greatest 
effort  of  the  gunpowder  is  made,  and  diminishing  thence  to  the 
muzzle  ; so  that  if  the  mouth  be  twoiuchcs  thick  of  metal,  the 
breech  is  six.  Its  length  is  measured  in  calibers,  or  diameters 
of  tlio  muzzle.  Six  inches  at  the  muzzle  require  twenty 
calibers,  or  ten  feet  in  length ; llu-re  is  about  one-sixth  of  an 
inch  allowed  for  the  deviation  of  the  ball,  and  in  this  manner 
are  all  our  guns  estimated. 

CASTLE,  a Fortress,  or  building  rendered  defensible  either 
by  nature  or  art.  In  the  following  engraving,  A is  the  barbi- 
I can  ; B the  ditch,  or  moat ; C the  i call  of  the  outer  ballium  ,* 


or  the  outer  ballium  ; E the  artificial  mount : F the  wall  of  the  ' 
inner  ballium  ; G the  keep,  or  dungeon.  All  the  towers,  maga- 
zines, &r.  speak  for  themselves.  Between  the  outer  ballium 
and  the  barbican,  and  directly  over  the  moat  or  ditch,  the 
drawbridge  is  constructed,  opening  or  rising  to  the  ballium 
gate,  and  leaving  the  way  impassable  to  those  who  may  try  to 
force  and  enter  the  barbican. 

UASTOR  and  POLLUX,  the  allegorical  figures  in  the  sign 
Gemini,  which  give  name  to  the  two  principal  stars  in  that 
constellation. 

CAT,  in  sea  affairs,  a ship  of  flno  tons  or  thereabonts,  carry-  j 
ing  from  20  to  30  keels  (or  barges)  of  coals.  Cat  is  also  "a  i 
tacklp,  or  combination  of  pulleys,  to  suspend  the  anchor  at  the 

cat's-krad.  . 

CATACOMB,  a Grotto,  or  subterraneous  place  for  the 
burial  of  the  dead,  as  the  sepulchre  of  the  martyrs  in  the 
Appian  Wajr,  about  three  miles  from  Rome  ; the  catacombs  of 
Naples,  Syracuse,  Catanca,  Malta,  Paris  ; but  above  all,  those 
in  Egvpt  arc  the  most  celebrated. 

CATALOGUE,  a list  or  enumeration  of  books,  or  of  the 
stars,  or  of  the  Popes,  as  the  Jesuit’s  PropUtrum. 

CATAPULT  A,  in  Antiquity,  a military  engine  for  throwing 
stones  or  darts  upon  an  enemy;  but  modern  warfare  dispenses 
with  those  awkward  machines,  and  so  shall  we. 

CATARRH,  in  Medicine. a distillation  or  defluxion  from  the 
head-  upon  the  mouth  and  atpera  asteria,  and  through  them  upon 
the  luncs 

CATENARY,  Catena ri  a,  in  the  higher  Geometry,  a mecha- 


nical carve,  which  a chain  or  rope  forms  itself  into  by  its  own 
weight,  when  hung  freely  between  two  points  of  suspension, 
whether  those  points  be  io  tbo  same  horizontal  plane  or  not. 
See  Chain  Biiidok. 

CATGUT,  fiddle  strings,  made  of  the  dried  and  twisted  guts 
of  sheep,  lambs,  dogs,  and  cats.  The  Lyonois  and  Italians  are 
the  great  manufacturers  of  catgut  for  our  musicians,  watch- 
makers, cutlers,  turners,  and  other  artificers. 

CAT-HEADS,  two  strong  short  beams  of  Umber,  projccUng 
almost  horizontally  over  the  ship’s  bows  on  each  side  of  the 
bowsprit.  That  part  of  the  cat-hcad  which  rests  upon  the  fore- 
castle is  securely  bolted  to  the  beams;  the  other  projecting 
part  carries  in  its  extremity  two  or  three  small  wheels,  or 
sheaves  of  brass  or  strong  wood,  about  which  a rope  called  the 
cat-dole  passes,  and  communicates  with  the  cat-block,  which 
also  contains  three  sheaves.  The  cat-hcad  also  serves  to  sus- 
pend the  anchor  dear  of  the  bowr,  when  it  is  necessary  to  let 
it  go  : it  is  supported  by  a sort  of  knee,  which  is  generally 
ornamented  with  sculpture. 

CATOPTRICS,  the  science  of  reflex  vision,  which  is  treated 
of  under  the  arUcle  Mirror. 

CATSALT,  formed  out  of  the  bittern,  or  leach  brine,  that 
runs  from  the  salt  when  taken  from  the  pans  at  Uie  salt  works, 
is  very  beanUfully  granulated,  sharp  and  pungent,  and  much 
more  pleasant  at  the  table  than  the  fine  but  while  powdered 
salt  in  comtfion  use.  Fashion,  not  taste,  roust  have  consigned 
the  large  beautiful  crystals  of  catsalt  to  the  makers  of  hard 
soap  and  fish  curers. 
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CATS-BYB,  or  Son  Stone,  a pern  whose  colours  vary  like  j 
the  o/Mt/,  very  bard,  semitransparent ; and  which,  from  the  1 
several  points  it  may  have  naturally,  or  into  which  lapidaries 
can  fashion  it,  reflects  the  light  with  a kind  of  yellowish  radia- 
tion, something  similar  to  the  eyes  of  a cat,  whence  the  name 
of  this  Siberian  onyx. 

CAUSTIC,  or  CatacIustic  Curves,  in  the  higher  Geometry 
and  Optics,  arc  the  species  of  curves  formed  by  reflection,  or 
by  joining  the  points  of  concurrence  of  several  reflected  ravs. 
The  caustic  of  the  circle  is  a cycloid,  or  epicycloid,  formed  by 
the  revolution  of  a circle  upon  a circle.  The  rutacaustic  of  the 
common  cyloid,  when  the  rays  arc  parallel  to  its  axis,  is  also  a 
common  cycloid,  described  by  the  revolution  of  a circle  upon 
the  same  base.  That  of  a logarithmic  spiral  is  also  the  same 
carve.  If  the  inside  of  a smooth  Imson,  containing  in  it  any 
white  liquor,  as  milk,  be  placed  in  the  sun’s  rays,  or  in  a strong 
candlelight,  it  will  exhibit  a very  perfect  catacaustic  curve. 

CAWKING  or  Caulking  a ship,  is  driving  a quantity  of 
oakum,  or  untwisted  rope,  into  the  seams  of  the  bottoms  and 
decks  of  ships,  in  order  to  prevent  the  entrance  of  water;  ami 
caulking  irons  arc  chisels  for  that  purpose,  being  some  broad, 
some  round,  and  some  grooved. 

CELA  SCULPTORIS,  or  Praxiteles,  the  Engraver's 
Tools,  is  a small  modern  constellation,  bounded  on  the  north 
by  Lcpus,  cast  by  Columbia,  south  by  Equulcus  Pictorius  ; and 
west  by  Horologium  and  Eridanus.  There  are  sixteen  stars 
assigned  to  this  asterisra,  in  the  Britannio  Catalogue. 

CELESTIAL,  relating  to  the  heavens  ; hence  wc  say  Celts- 
timl  (riots.  Celestial  Atlas,  See. 

CELLAR  Crane,  a machine  represented  in  the  following 
figure,  and  is  very  useful  to  wine-merchants,  brewers.  See.  in 
drawing  up  and  letting  down  casks  full  of  wine,  beer,  &c.  It  : 
saves  the  trouble  and  inconvenience  of  horses,  and  in  many  | 
places  can  be  used  where  horses  could  not.  A,  A are  two 
wooden  props,  about  6 feet  in  height,  and  jointed  together  like 
a ruler  at  B.  They  are  connected  to  each  other  by  an  iron 
round  bar  C.  and  wooden  bar  at  the  bottom,  I).  The  iron  prongs 
E E fasten  the  uprights  steadily  to  the  edge  of  the  cellar ; F is 
the  axis  ronnd  w hich  two  ropes  are  coiled,  the  ends  of  which 
are  fastened  to  the  two  clamps  G.  G.  On  the  axis  F is  fixed  the 
iron  wheel  H of  3 feet  in  diameter:  in  the  teeth  of  this  works 


the  pinion  I,  of  about  6 or  7 inches  in  diameter,  and  is  tnrncd 
by  the  handle  at  K.  It  is  evident,  by  the  figure,  that  when  the 
two  ropes  are  slipt  over  the  ends  upon  the  barrel,  either  at  the 
top  or  bottom  of  the  cellar,  by  turning  of  the  winch  K towards 
or  from  the  operator,  the  barrel  can  be  safely  and  expeditiously 
taken  out  or  lowered  down.  When  the  crane  is  done  with,  it 
shuts  up,  by  unscrewing  the  nut  B,  taking  ihe  wheel  and  axis 
away  out  of  the  loops  at  L,  and  folding  the  sides  at  A together, 
like  a jointed  rule  ; it  may  then  be  taken  away  in  the  cart  or 
dray,  or  taken  in  the  men’s  hands. 

CBMENT,  in  general,  is  any  glutinous  substance  capable  of 
uniting  and  keeping  things  together  in  close  cohesion.  Ce- 
ments are  of  various  compositions,  according  to  the  substances 
to  which  they  are  applied,  and  their  exposure  to  heat  and 
moisture. 

. Common  Glue. — Common  glue  is  formed  by  extracting  the 
gelatinous  part  of  cuttings  or  scraps  of  coarse  leather,  or  the 
hides  of  beasts  : it  is  never  manufactured  hut  in  a large  way. 

Isinglass  Glue. — Isinglass  glue  is  made  by  dissolving  beaten 
isinglass  in  water  by  boiling ; having  strained  it  through  a 
coarse  linen  cloth,  it  evaporates  again  to  such  a consistence, 


that,  being  cold,  the  glue  will  ho  hard  and  dry.  This  cement  is 
improved  by  dissolving  the  isinglass  in  proof  spirit  by  heat,  or 
by  udding  to  it,  when  dissolved  in  water,  an  equal  quantity  of 
spirits  of  wine.  It  is  still  further  improved,  by  udding  to  the 
isinglass,  previous  to  its  solution  iu  spirits,  one-third  of  its 
weight  of  gum  ammoniac.  Expose  the  mixture  to  a boiling 
heat  until  the  isinglass  and  gnm  arc  dissolved,  and  until  a drop 
of  the  composition  becomes  instantly  stiff  as  it  cools.  It  w ill 
in  future  melt  with  a degree  of  heat  little  exceeding  that  of  the 
human  body,  and,  in  consequence  of  becoming  stiff  in  cooling, 
forms  a \aluable  cement  for  fixing  on  the  antenme,  &c.  of 
insects  in  the  cabinet  of  natural  history.  The  casv  melting  of 
this  cement  is  no  objection  to  its  use,  for  it  owes  this  property 
only  to  the  presence  of  the  spirit,  which  evaporates  soon  after  it 
has  been  applied.  When  used  to  join  broken  glass  or  china, 
the  pieces  should  he  previously  warmed,  aud  immersion  in  hot 
water  will  give  them  a sufficient  degree  of  heat.  Wipe  ofT  the 
water  before  applying  the  cement,  which  may  be  laid  on  with 
a pencil ; then  press  the  pieces  together,  binding  them  with  a 
string  or  a bit  of  soft  wire,  if  necessary.  For  nice  purposes, 
this  isinglass  glue  is  preferable  to  common  glue,  being  stronger, 
and  less  liable  to  soften  by  heat  or  moisture. 

Parchment  Glue  is  made  of  one  pound  of  shreds  of  parch- 
ment or  vellum,  boiled  in  six  quarts  of  water,  till  the  quantity 
he  reduced  to  one  quart ; the  fluid  is  strained  off  from  the 
dregs,  and  then  boiled  agliin  till  it  be  of  the  consistence  of  glue. 
Glovers'  cuttings  of  leather  dressed  with  alum,  instead  of  being 
tanned,  makes  a oolourlcss  glue. 

Tg  make  Signboard  Glue. — McTt  common  glncwith  water  to  a 
proper  consistence  ; add  one-eighth  of  builed  linseed  oil,  drop- 
ping it  gently  into  the  glue,  which  is  to  be  kept  stirring  all  the 
time.  A strong  glue  is  made  by  adding  some  powdered 
chalk  to  common  glue,  and  anolher  that  will  resist  water  by 
adding  half  a pound  of  common  glue  to  two  quarts  of  skimmed 
milk. 

To  prepare  Lip  Glue  for  Cementing  Paper,  ke. — Take  of 
isinglass  and  parchment  glue,  each  one  ounce;  of  sugarcamly, 
and  gum  tragacantb,  each  two  drachms;  add  to  them  an  ounce 
of  water,  boil  the  whole,  till  the  mixture  appears,  when  cold,  of 
the  consistence  of  glue.  Then  form  it  into  small  rolls  for  use. 
This  glue  wetted  with  the  tongue,  and  rubbed  on  the  edges  of 
the  paper,  silk,  &c.  to  be  cemented,  will,  on  their  being  laid 
together,  and  suffered  to  dry,  unite  them  as  firmly  as  any  other 
part  of  the  surface. 

Lapland  Glue. — Laplanders'  bows  are  composed  of  two 
pieces  of  wood  glued  together ; one  of  them  of  birch,  which  is 
flexible,  and  the  other  of  flr  of  the  marshes,  which  is  stiff,  in 
order  that  the  bow  when  bent  may  nut  break,  and  that  when 
uuhent  it  may  not  bend.  When  these  two  pieces  of  wund  are 
bent,  all  the  points  of  contact  endeavour  to  disunite  themselves, 
and  to  prevent  that,  the  Laplanders  employ  the  following 
cement: — They  take  the  skins  of  large  perches,  and  having 
dried  them,  moisten  them  in  cold  water  until  they  are  so  soft 
that  they  may  be  freed  from  the  scales,  which  are  thrown  away  ; 
probably  eel  skins  would  answer  the  same  purpose.  They  then 
put  four  or  five  of  these  skins  into  a reindeer's  bladder,  or  they 
wrap  them  up  in  a soft  bark  of  the  birch  tree,  in  such  a man- 
ner that  water  cannot  touch  them,  and  place  them  thus  covered 
into  a pot  of  boiling  water,  with  a stone  above  them  to  keep 
them  at  the  bottom.  When  (hey  have  boiled  about  an  hour, 
they  take  them  from  the  bladder  or  bark,  and  they  are  then 
found  to  be  soft  and  viscous.  In  this  state  they  employ  them 
for  glueing  together  the  two  pieces  of  wood  which  compose 
their  bows,  and  which  they  strongly  compress  and  tie  up  till 
the  glue  is  well  dried.  These  pieces  never  after  separate. 

Cheese  Glut.~ Take  skimmed  milk  cheese,  freed  from  the 
rind,  cut  it  into  slices,  boil  it  in  water,  stirring  it  with  a spoon 
until  it  be  reduced  to  a strong  glue,  which  docs  not  incorporate 
with  water;  then  throw  away  the  hot  water;  pour  cold  water 
over  (be  glue,  and  knead  it  afterwards  in  warm  w ater,  subject- 
| ing  it  to  the  same  process  several  times.  Put  the  warm  glue 
on  a grinding  stone,  and  knead  it  with  quicklime  until  you 
have  a good  glue.  To  use  this  glue  you  roust  warm  it ; em- 
ployed Cold,  it  is  not  so  strong,  but  it  may  be  used  in  that 
manner.  This  glue  is  insoluble  in  water  as  soon  as  it  is  dry, 
and  it  becomes  so  iu  forty-eight  hours  after  it  has  been  applied . 
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Tt  nifty  be  uni'll  for  glueing:  wood,  cementing  marble,  and  broken 
earthenware.  Waits  for  catching  fish  may  also  be  made  of  it. 
Fish  are  very  fond  of  it,  and  it  resists  water. 

Jeweller?  Cement. — Jn  setting  precious  stones,  pieces  are 
sometimes  broken  off  by  accident,  but  these  may  be  joined  so 
correctly,  that  an  inexperienced  eye  would  not  discover  the 
stone  to  have  been  broken.  Jewellers  employ  for  this  purpose 
a small  piece  of  gum  mastich  applied  between  the  fragments, 
which  are  previously  heated  sufficiently  to  enable  them  to  melt 
the  interposed  gum.  They  arc  then  pressed  together,  to  force 
out  the  redundant  gum. 

Turkey  Cement  for  joining  Metals,  Glair,  Dissolve  six 
bits  of  masticb,  as  large  as  peas,  in  as  much  spirits  of  wine  as 
will  suffice  to  liquefy  ; in  another  vessel  dissolve  as  much 
isinglass  (which  has  been  previously  soaked  in  water  till  it  has 
awollcn  and  is  soft)  in  brandy  or  rum,  as  will  make  two 
ounces  by  measure  of  strong  glue,  and  add  two  small  bits  of 
gum  galbanum,  or  aminoniacum,  which  must  be  rubbed  till  they 
are  dissolved  ; then  mix  the  whole  with  a sufficient  heat ; keep 
it  in  a phial  slopped,  and  when  used  set  il  in  hot  water. 

Broken  China  Cement. — Take  quicklime  and  white  of  eggs,  or 
old  thick  varnish;  grind  and  temper  them  well,  and  it  will  be 
ready  for  use.  Drying  oil  and  white  lead  are  used  for  cement- 
ing  china  and  earthenware  ; but  this  cement  requires  a long 
time  to  dry.  Where  the  vessels  are  not  to  endure  heat  or 
moisture,  isinglass  glue,  with  a little  tripoli  or  chalk,  is  better; 
the  juice  of  garlio  also  forms  a strong  ccmeut,  and  the  joining 
cannot  easily  be  perceived. 

Chemical- G lattes' Cement. —hr  the  whites  of  eggs  mix  equal 
quantities  of  wheat  flour,  fine  pow  dered  Venice  glass,  polveriicd 
chalf,  with  half  the  quantity  of  fine  brick  dust,  and  a little 
scraped  lint.  This  mixture  is  spread  upon  a linen  cloth,  and 
applied  to  the  crack  of  the  glasses ; it  should  he  dried  before 
they  are  put  to  the  fire. 

Turner's  Chsraf.-Mclt  together  resin  one  pound,  pitch  fonr 
ounces  ; and,  while  boiling  hot,  add  brick  dust,  until,  by  drop, 
ping  a little  upon  a stone,  you  porccivc  it  hard  enough  ; then 
pour  it  into  .water,  and  immediately  make  it  up  in  rolls,  and  it 
is  fit  for  use. 

Another,  finer.  Take  resin  one  onnee,  pitch  two  ounces ; 
add  red  ochre,  finely  powdered,  until  you  perceive  it  strong 
enough.  Sometimes  a small  quantity  of  tallow  is  used,  accord- 
ing to  the  heat  of  the  weather,  more  being  necessary  in  winter 
than  summer.  Either  of  these  cements  is  of  excellent  use  for 
turners.  By  applying  it  to  the  side  of  a chuck,  and  making  it 
warm  before  the  fire,  you  may  fusten  any  thin  piece  of  wood, 
which  will  hold  fast  while  you  turn  it;  when  you  want  it  off 
again,  strike  it  on  tbe  top  with  your  tool,  and  it  will  dropoff 
immediately. 

Electrical  Cement. — Melt  in  a pot,  over  a slow  fire,  one  pound 
of  resin  ; add  as  much  plaster  of  Paris,  in  line  powder,  as  will 
make  it  hard  enough,  which  you  may  know  by  trial;  then  add 
a spoonful  of  linseed  oil,  stirring  it  all  the  while,  and  try  if  it  be 
bard  and  tough  enough  for  your  purpose  ; if  it  is  not  sufficiently 
hard,  add  more  plaster  of  Paris  ; and  if  not  tough  enough,  a 
little  more  linseed  oil.  This  is  for  fixing  the  necks  of  globes  or 
cylinders,  or  any  thing  that  requires  to  be  strongly  cemented, 
for  it  is  not  easily  melted  when  cold. 

Another,  softer.  Take  resin  one  pound,  bees’  wax  one 
ounce ; add  as  much  red  ochre  as  will  make  it  sufficiently  stiff ; 
pour  it  into  water,  and  make  it  into  rolls  for  use.  This  cement 
is  for  cementing  hoops  on  glasses,  or  any  other  mounting  of 
electrical  apparatus. 

(rims  Grinders’  Cement. — Boil  pitch,  adding  thereto  fine 
sifted  wood  ashes,  until  you  have  it  of  a proper  temper,  stir- 
ring it  all  the  while  ; a little  tallow  may  be  added,  as  you  find 
necessary. 

Another,  for  small  work.  To  four  ounces  of  resin  add  one- 
fourth  of  an  ounce  of  bees’  wax,  melt  them  together,  Adding 
four  ounces  of  whitening  made  previously  red  hot.  The 
whitening  should  be  put  while  hot,  that  it  may  not  have  time  to 
imbibe  moisture  from  the  atmosphere.  Shell  lac  is  a strong 
cement  for  metals,  glass,  or  precious  stones,  while  cutting, 
twining,  or  grinding  them.  The  metal,  &c.  should  be  warm  to 
melt  it.  Shell  lac  is  excellent  for  fastening  ruby  cylinders  in 
watches,  and  similar  delicate  purposes. 


Broken  Glatt  Solder. — Broken  glass  is  soldered  by  inter 
posing  between  the  parts,  glass  ground  up  like  a pigment,  but 
of  easier  fusion  than  tbe  pieces  to  be  joined,  and  then  exposing 
them  to  such  a beat  as  will  fuse  the  cementing  ingredient,  and 
make  the  pieces  agglutinate  without  being  themselves  fused. 

A glass  for  cementing  broken  pieces  of  flint  glass  may  bo 
made  by  fusing  some  of  the  same  kind  of  glass  previously 
reduced  to  powder,  with  a little  lead  and  borax,  or  with  borax 
only. 

Derbyshire  Spar  Cement,  Ac. — This  cement  is  made  with 
about  right  parts  of  resin  and  one  of  bees’  wax,  melted  together 
with  a small  quantity  of  plaster  of  Paris.  If  the  ecment  is  to 
fill  up  the  place  of  any  small  chips  that  may  have  been  lost,  the 
uanlily  of  plaster  may  be  increased  a little.  When  tbe  ingre- 
irnts  are  well  mixed,  and  the  whole  nearly  cold,  the  mass 
must  be  well  kneaded  together.  The  pieces  of  spar  to  be 
joined,  mast  bo  healed  until  they  melt  the  cement,  and  then 
pressed  together,  some  of  the  cement  being  previously  inter- 
posed. Melted  sulphur  applied  to  fragments  of  stones  pre- 
viously heated  (by  placing  them  before  a fire)  to  a*  least  the 
melting  point  of  sulphur,  and  then  joined  with  the  sulphur 
betw  een,  makes  a pretty  firm  and  durable  joining.  Little  defi- 
ciencies in  the  stone,  as  chips  out  of  corners,  itc.  may  also  be 
filled  up  with  melted  sulphur,  in  which  some  of  the  powder  of 
the  stone  has  been  niched. 

Steam  Cement. — To  join  the  flanches  of  iron  cylinders,  and 
other  parts  of  hydraulic  and  steam  engines,  the  following 
methods  are  adopted  by  machinists Boiled  linseed  oil, 
litharge,  red  and  white  lead  mixed  together  to  a proper  con- 
sistence, applied  on  each  side  of  a piece  of  flannel,  previously 
shaped  to  fit  the  joint,  and  then  interposed  between  the  pieces 
before  they  are  brought  home,  (as  the  workmen  term  it  ) to  their 
place  by  the  screws  or  other  fastenings  employed,  make  a close 
and  durable  joint.  The  quantities  of  the  ingredients  may  be 
varied  without.'  inconvenience,  taking  care  not  to  make  the 
mass  too  thin  with  oil.  It  is  difficult  in  many  cases  instantly 
to  make  a good  fitting  of  large  pieces  of  iron  work.  This 
renders  it  necessary  sometimes  to  join  and  separate  the  pieces 
repeatedly  before  a proper  adjustment  is  obtained.  When  this 
is  expected,  the  white  lead  ought  to  predominate  in  the  mix- 
ture, as  it  dries  much  slower  than  the  red.  A workman  know- 
ing this  fact,  can  be  at  little  loss  in  exercising  his  own  discre- 
tion in  regulating  the  quantities.  It  is  safest  to  err  on  the  side 
of  the  w hite  lead,  as  the  durability  of  the  cement  is  not  thereby 
effected,  a longer  time  only  is  required  for  it  to  dry  and  harden. 
When  the  fittings  will  not  easily  admit  of  so  thick  a substance 
as  flannel  being  interposed,  linen  may  be  substituted,  or  even 
paper  or  thin  pasteboard.  This  cement  answers  well  also  for 
joining  broken  stones,  however  large.  Cisterns  built  of  square 
stones,  put  together  with  this  cement,  will  never  leak,  or  want 
any  repairs.  In  this  case,  the  stones  need  not  be  entirely 
bedded  in  it ; an  inch,  or  even  less,  of  the  edges  that  are  to  be 
next  the  water,  need  only  be  so  treated  ; the  rest  of  tbe  joint 
may  be  filled  with  good  lime. 

Another  of  the  same.  This  cement,  preferable  even  to  the 
former,  for  steam-engines,  is  prepared  thus : — Take  two  ounces 
of  sal  ammoniac,  one  ounce  of  flowers  of  sulphur,  and  sixteen 
ounces  of  cast  iron  filings  or  borings;  mix  them  in  a mortar, 
and  keep  the  powder  dry.  When  tbe  cement  is  wanted  for 
use,  take  one  part  of  the  above  powder,  and  twenty  parts  of 
clean  iron  borings  or  filings,  and  blend  them  intimately  by 
grinding  them  in  a mortar.  Wet  the  compound  with  water, 
and  when  brought  to  a convenient  consistence,  apply  it  to  the 
joints  w ith  a wooden  or  blunt  iron  spatula.  This  is  the  cement 
with  which  the  joinings  of  the  Southwark  east-iron  bridge  were 
filled  up  and  clasped.  Action  and  reaction  take  place  among 
the  ingredients,  and  between  them  and  the  iron  surfaces,  which 
at  last  causes  the  whole  to  unite  as  one  mass.  After  a time, 
the  surfaces  and  the  mixture  become  one. 

Homan  Cement. — By  a recent  analysis  of  Parker’s  Roman 
cement,  by  Monsieur  Berthicr,  he  finds  that  its  constituent^ 
differ  so  little  from  the  constituents -of  chalk  and  common  clay, 
that  he  proposes  the  manufacturing  of  a similar  cement  by  tbe 
mere  mixture  of  them  in  certain  proportions  — One  part  of  clay, 
and  two  and  a half  pans  of  chalk,  sets  almost  instantly,  and 
may  therefore  be  regarded  as  Roman  cement, 
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Blood  Cements.  arc  used  by  coppersmiths  to  lay  over  the  ritets  I 
and  edges  of  the  sheets  of  copper  in  boilers  of  the  first  class : i 

they  also  give  additional  security  to  the  joinings,  and  secure 
cocks  from  leaking.  This  cement  is  made  by  mixing  pounded  I 
quicklime  with  oxen's  blood : but  unless  used  when  fresh  i 
made,  it  will  become  hard.  It  is  durable,  cheap,  and  extensively 
applicable  in  the  rougher  branches  of  art. 

Flour  Paste  Cement.— Flour  paste  for  cementing,  is  formed 
principally  of  wheaten  flour,  boiled  in  water  till  it  be  of  a glu-  i 
tinou*  or  viscid  consistence.  It  may  be  p:epared  of  these  « 
ingredients  simply  for  common  purposes,  hut  when  it  is  used 
by  bookbinders,  or  for  paper  hanging,  it  is  usual  to  mix  with 
the  flour  a fifth  or  sixth  of  its  weight  of  pow  dered  alum  ; and 
where  it  is  wanted  still  more  tenacious,  gum  arable,  or  any  kind 
of  size,  may  be  added. 

Rice  Glue. — This  elegant  cement  is  made  by  mixing  rice  flour 
intimately  with  cold  water,  and  then  gently  boiling  it.  It  is 
beautifully  white,  and  dries  almost  transparent  Papers  pasted 
together  with  this  cement  will  sooner  separate  in  their  own 
substance  than  at  the  joining,  it  is  therefore  extremely  useful 
in  the  preparation  of  curious  paper  articles,  as  tea  trays,  ladies' 
dressing  and  work  boxes,  and  other  articles  which  require 
layers  of  paper  to  be  cemented  together.  In  every  respect  it  is 
preferable  to  common  paste  made  with  wheat  flour.  It  answers 
well  for  pasting  into  hooks  the  copies  of  writing  taken  off  by 
copying  machines  on  unsized  silver  paper.  With  this  compo- 
sition, made  with  a small  quantity  of  water,  that  it  may  have 
a consistence  similar  to  plastic  clay,  models,  busts,  statues, 
basso  relievos,  and  the  like,  may  be  formed.  When  dry,  the 
articles  made  of  it  are  susceptible  of  a high  polish  ; they  are 
also  very  durable.  The  Japanese  make  quadrille  fish  of  this 
substance,  which  so  nearly  resemble  those  made  of  mother  of 
pearl,  that  the  officers  of  our  East  Indiamcn  are  often  imposed 
upon. 

O/ Sires. — Common  size,  manufactured  in  the  same  manner, 
and  generally  by  the  same  people  as  glue,  is  glue  left  in  a 
moister  state,  by  discontinuing  the  evaporation  before  it  is 
brought  to  a due  consistence. 

Itinglass  She,  is  prepared  much  in  the  same  w ay  as  glue  ; the 
quantity  of  water  for  dissolving  it  is  increased;  and  the  same 
makes  good  parchment  size. 

CENOTAPH,  an  empty  tomb  erected  in  honour  of  a 
deceased  person,  and  is  thus  distinguished  from  the  sepulchre 
in  which  a coffin  is  deposited. 

CENTACRUS,  tie  Bull  Pricker,  as  bis  name  denotes,  ranks 
among  the  old  constellations.  The  Centaur  is  said  to  derive 
its  name  from  those  sons  of  Ixion  and  Nubcs,  whom  fable 
represented  half  men,  half  horses ; and  tho  notions  which  tho 
Americaaa  entertained  of  the  Spanish  cavaliers,  have  been 
suggested,  to  perspadeus  that  the  ancients  who  first  saw  a man 
on  horseback,  conceived  him  and  the  animal  to  be  one.  The 
fable  of  the  Centaurs  and  the  Lapitha,  Is  welt  known  to  every 
schoolboy.  The  boundaries  and  contents  of  this  constellation 
arc:  on  the  north  by  Hydra,  east  by  Lupus,  south  by  Crux, 
and  west  by  Rohur  Caroli.  There  are  thirty-five  stars  in  this 
constellation,  six.  two  of  the  1st  magnitude,  one  of  the  2d,  six 
of  the  3d,  nine  of  the  4th,  ice.  The  brilliants  of  this  constella- 
tion are  situated  on  the  feet  of  the  Horse  ; and  with  the  adjoin- 
ing aslerism  of  tho  Cross,  make  a very  splendid  shew  in 
southern  latitudes  ; hut  the  people  of  Britain  are  too  far  north 
to  enjoy  this  sight.  The  star  fi,  in  the  w estern  foot,  culminates 
about  7 minutes  before  a,  or  at  xix  ho.  1'  46",  on  the  1st  of 
January,  and  by  making  an  allowance  of  about  4 minutes  for 
each  succeeding  day  of  the  month,  it  will  tie  on  the  meridian, 
January  2,  at  xvm  ho.  AT7  21*,  on  the  3d  at  xvm  h.  62'  68%  I 
on  the  4th  at  xvm  ho.  4Br  38*.  &c. 

CENTBSM,  the  1 00th  part  of  a thing. 

CENTRAL,  something  relating  to  a centre.  Thus,  we  have  j 
Centra!.  Eclipse,  Central  Force,  flee.  Central  Eclipse  is, 
when  the  centres  of  the  luminaries  exactly  coincide,  and  aro  , 
directly  in  a line  with  the  eye  of  the  observer.  Central  Forces 
are  those  forces  which  tend  directlv  to  or  from  a eertain  point  ; 
or  centre ; or  they  are  forces  which  cause  a moving  body  to 
tend  towards,  or  recede  from,  the  centre  of  motion ; and  are 
hence  divided  into  two  kinds,  according  to  their  different  rela- 
tions  to  the  centre,  viz.  whether  it  be  to  approach  or  to  recede  1 
18. 


from  it;  being  called,  in  the  former  case,  centripetal  force,  and 
in  the  latter,  centrifugal.  See  Fonce. 

CENTRE,  in  a general  sense,  denotes  a point  equally  remote 
from  the  extremes  of  a line,  surface,  or  solid.  The  word 
signifies  a point. 

Centre  of  «n  Arch.  Under  the  word  Bridge,  the  various 
forms  of  arches  were  noticed.  We  will  now  shew  how  the 
arehstones  are  supported  till  the  arch  is  completed;  and  tho 
most  commodious  and  least  expensive  rnunner  in  which  this 
can  be  accomplished. 

1.  When  the  span  is  small,  as  cellars  and  vaults.,  the  founda- 
tion of  the  side  wall  is  dug  out,  the  earth  rounded  over  upon 
it,  the  arch-thrown,  aud  the  earth  afterwards  dug  away. 

2.  When  it  is  necessary  to  use  wood  for  the  frame  or  centre, 
we  must  first  consider  the  weight  to  he  supported  ; secondly, 
the  quantity  of  material*  to  ho  used,  that  shall  be  of  sufficient 
strength  to  support  such  a weight;  and,  thirdly,  lire  most 
effective  method  to  apply  these  materials. 

First,  the  Weight  to  be  supported. — A semicircular  arch  can 
he  raised  30  degrees,  (sec  Bridge,)  without  a centre.  There 
are  120  degrees  to  support ; and  if  the  diametor  be  20  feet, 
120°  will  measure  20*91393  + Sect,;  say  21  feet.  The  key- 
stono  of  such  an  arch  would  he  driven  at  18  inches  depth. 
The  specific  gravity  of  a cubic  foot  of  hard  Stone,  is  2 532.  A 
stone  18  inches  square,  by  21  feet,  gives  47:25  solid  feet;  the 
weight  by  the  above  specific  gravity  is  7477*307  lbs,  or  06*753 
cwt.  being  tho  weight  that  one  rib  of  the  centre  frame  must 
sustain. 

In  the  span  of  50  feet,  the  arch  of  120°  measures  52*36 
feet ; the  archstone  is  2J  feet  deep  by  2 feet,  is  5 superficial 
feet,  which  + 52*36=261*8  solid  feet  and  360  908  cwt.  of 
specific  gravity.  Here  the  weight  is  increased  upon  the  centre 
frame  in  the  proportion  of  66*5  to  309*9;  or  more  than  five 
times,  for  the  difference  of  the  centre  framework. 

In  the  span  of  100  feet,  arch  104*719  feet,  keystone  4x3, 
we  have  1256*028  solid  feet,  1775*848  cwt.  specific  gravity; 
above  five  times  the  weight  of  an  arch  of  50  feet  span.  In  the 
span  of  130  feet,  the  arch  156  13556  feet,  the  arch  5 X 3,  as  in 
the  bridge  of  Dee  at  Aberdeen,  we  have  2042*0336  solid  feet, 
and  2885*2838  cwt,  the  rib  or  beam  of  the  frame  centre.  See 
Strength  or  Materials. 

Secondly,  the  strength  of  timber  requisite  to  support  any  of 
the  foregoing  wcigbls  maybe  ascertained  thus:— In  all  mecha- 
nical structures,  each  member  should  not  only  be  able  to  resist 
the  strain  under  which  it  is  constantly  subjected,  but  should 
also  be  able  to  withstand  those  occasional  shocks  to  which  it 
is  ever  exposed.  Tills  is  peculiarly  the  case  in  the  framing  of 
centre  work  for  bridges.  Every  piece  of  wood  employed  is  of 
a prismatic  or  columnar  form,  and  is  exposed  cither  to  longi- 
tudinal or  transverso  strain;  and  may  bo  so  used  as  to  sustain 
a longitudinal  tension,  in  withstanding  a longitudinal  com- 
pression, in  resisting  a transverse  pressure,  and  in  opposing 
the  act  of  twisting  or  wrenching.  But  the  investigation  of 
these  topics  would  interest  few  readers,  and  to  those  few  the 
results  woold  not  be  of  much  practical  value. 

A batten  or  prism  of  wood,  5 inches  square,  and  14  feet  long, 
supports  a weight  of  63001M.  which  may  be  called  its  break- 
ing weight;  and  it  has  more  than  double  the  strength  of  a 
prism  of  28  feet  long,  6 inches  square,  for  1775  lbs.  wnuld  break 
the  latter.  Every  beam  of  wood  becomes  more  liable  to  break 
by  its  length  ; 12  inches.  5 inches  square,  weight  10*4  lbs.  more 
or  less;  and  10*4 lbs.  at  13  feet  distance,  acts  with  a power  of 
135*2  lbs.  This  is  the  last  term,  and  0,  the  point  of  fracture,  is 
the  first  term.  The  first  and  last  multiplied  by  half  the  num- 
i her  of  terms  — the  sum  of  all  the  terms  ; or  135*2  x 6$  r= 
| 878*8  lbs.  added  to  1775  = 2653*8,  being  very  near  the  half  of 
j the  force  that  breaks  the  prism  of  14  feet  The  weight  that 
! breaks  a prism  of  9 feet  long  and  5 inches  square,  is  8308.  To 
reduce  this  experiment  to  ono  of  greater  dimensions,  suppose 
| one  foot;  similar  solids  of  the  same  altitude  are  to  one  another 
as  their  bases  ; i.  *.  26,  the  base  of  the  6 inch  square  is  to  144, 
the  base  of  I foot  square,  as  the  weight  that  would  break  the 
■ batten  of  9 feet,  to  the  weight  that  would  break  the  batten  of 
the  same  length  and  12  inches  square  ; that  is,  the  base  25  : 
8308  : : 144  : 4785-tlhs.  = 213*8125  tons;  and  the  proportion, 
1 as  above,  for  greater  or  less  length  of  logs  or  spars.  And  a 
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batten  of  any  depth,  and  one  half  breadth,  is  equally  strong  in 
that  position  as  if  it  had  been  square  timber  : hence  the  advan- 
tage in  point  of  economy ; for  if  the  piece  is  set  upon  edge, 
suppose  y inches  deep  and  one  broad,  provided  it  receives  no 
lateral  tension,  it  will  bear  as  much  strain  as  if  9 inches  square. 
In  general,  a beam  the  same  length  and  breadth  as  another, 
but  twice  the  depth,  is  four  limes  stronger;  and  a beam  of  the 
sonic  depth  and  breadth,  and  double  the  length,  is  only  half  so 
strong.  These  experiments  were  made  upon  well-seasoned 
oak ; but  between  one-third  and  one-half  of  the  absolute 
strength  of  these  results  will  do  in  practice. 

We  arc  now,  in  the  third  place,  to  consider  the  most  effective 
method  of  applying  thete  material!  The  late  Mr.  Rennie  found, 
that  cubes  of  one  inch  are  crushed  by  the  weights  annexed  : — 

Kim 1-384  0*. 

White  deal 1 1*28 

English  oak,  . 3'8C0 

CndgMlk  freestone 8*088 

Cubes  of  I)  inch  arc,  however,  crushed  with  less  loads  in 
proportion ; thus,  , 

Red  brick,,.... 1-817  Ibt. 

Yellow  baked  brick 2*25 4 

Fire  hrick, 3' 804 

Craigleith  stone, 15-500 

While  statuary  marble 13*012 

Pnrlt-eck  limestone, 20-610 

Cornish  granite,  of  which  Waterloo  Bridge  > . . _ , 

was  built } 

Peterhead  granite 18*036 

Aberdeen  blue  granite, 21*530 

A pillar  in  the  church  of  All  Saints,  at  Angers,  is  24  feet  high 
and  11  inches  square,  supporting  60,000 lbs.  which  is  not  one- 
seventh  of  the  weight  that  would  crush  it.  Hence  the  delicacy 
of  runny  pillars  in  Gothic  buildings,  and  of  those  in  the 
Exchange,  Cornhill,  London.  Instead  of  a pier  of  10  feet  in  a 
bridge  of  50-feet  span,  one  of  2 feet  thick  would  be  sufficient. 
How  superfluous  then  are  those  enormous  piers  that  obstruct 
the  course  of  rivers. 

But  the  inquiry  is  with  wood  j and  to  arrive  at  onr  conclu- 
sion, let  us  consider  precisely  the  strength  of  an  arch  above  a 
right  line  parallel  to  fbe  horizon.  An  arch  recedes  from  a per- 
pendicular to  a horizontal  line,  the  force  therefore  that  it  will 
sustain,  is,  between  the  force  that  a body  will  carry  in  the  per- 
pendicular. and  that  which  produces  a fracture  upon  any 
material  in  the  horizontal  direction.  If  the  perpendicular  is 
greater  than  the  horizontal  line,  it  will  have  more  of  the 
strength  of  the  bruising  force,  than  of  the  transverse  fracture. 
This  force  is  explained  by  the  ratio  compounded  of  the  bruis- 
ing force  and  that  of  the  transverse  fracture,  i.e.  the  absolute 
and  relative  force.  In  other  words,  if  a geometrical  mean  be 
taken  between  the  elevation  of  the  arch,  as  pressure  of  abso- 
lute strength,  and  the  length  of  Uie  horizontal  line,  this  mean 
will  be  the  strength  of  the  arch  above  tbc  horizontal  line. 

Experiments  made  upon  prisms  of  seasoned  oak,  2 inches 
square,  and  2, 4,  or  6 feet  high,  shewed  them  crushed  by  the 
vertical  pressures  of  17,500  lbs.  10,500  lbs.  and  7000  lbs. ; but 
if  4 inches  square,  and  of  the  same  altitudes,  they  would  give 
way  under  loads  of  only  80,000  lbs.  70,000  lbs,  and  50,000  lbs. 
In  the  first  set  of  trials,  the  mean  cohesive  power  amounts  to 
130,000  lbs.  and  in  the  second  to  520.000  lbs. 

From  all  these  reasonings  it  appears,  that  so  much  as  the 
picco  of  wood  is  elevated  towards  the  perpendicular,  so  much 
tho  nearer  it  approaches  to  its  absolute  strength,  and  by  so 
much  as  tho  arch  is  flatter,  or  the  piece  of  wood  less  inclined, 
the  nearer  it  is  to  a straight  line,  and  so  much  the  more  reduced 
to  its  relative  strength ; the  position  of  the  arch  therefore  must 
be  in  the  ratio  compounded  of  these  two. 

Having  established  these  principles,  let  us  now  shew  the 
application  in  practice. 

Pitot's  plan  of  an  arch,  os  represented  in  the  following  figure, 
though  profuse  in  materials,  possesses  great  ingenuity.  The 
arch  A C I)  B can  be  raised  30°  on  each  side,  or  to  the  point  D, 
without  any  centre.  The  stretcher  E E is  now  raised  and  prop- 
ped by  the  struts  AE.BR.  The  stretcher  BE  is  divided  into 
four  equal  parts;  at  tho  centre  part  the  king  post  K F rises  the 


height  of  the  intended  arch.  The  struts  A G,  B G,  and  the  tie 
beam  G G,  arc  previously  put  in  ; G G being  one-half  of  E K. 
The  bridles,  1,2,3,  4,  &c.  prevent  the  arch  from  yielding  from 
A to  C,  or  from  B to  I>.  The  struts  AC,  B D,  support  the 
bridles  1,  I ; 3,  3;— the  struts  BG,  AG,  support  the  bridles 


2,  2 ; 4,4;  5, 5 ; 6, 6 , — the  struts  E P,  D F,  support  the  bridles 
7,  7 ; — the  struts  G II,  G H,  support  the  bridles  0,8;  and  the 
bridles  8. 8.  rest  on  the  stretcher  EE.  The  struts  E P,  D F, 
support  the  king  post,  us  do  also  the  struts  G H,  G H,  and  the 
king  post  being  well  secured  to  the  stretcher  E E,  supports  it 
in  the  centre. 

This  arch  wc  will  say  is  00  feet  span,  the  archstoncs  7 feet 
long,  and  3 feet  broad,  each  cubic  foot  of  which  is  160  lbs.  Let 
the  structure  be  of  Portland  stone,  which  weighs  160 lbs.  the 
cubic  foot.  The  stretcher  E E may  be  raised  46°  in  the  place 
of  30°  before  the  centre  is  put  up.  Therefore  there  arc  only 
90°  of  arch  to  provide  for,  and  the  perpendicular  d.  I)  rt, 
determines  the  limits  of  the  absolute  pressure  upon  the  frame. 
The  parts  of  the  arch  below  C and  D rest  upon  the  abutments  of 
thepier.  And  the  weight  of  one  course  of  the  archstoncs  is  53  x 
7x3-  178,080  lbs.  But  the  absolute  transverse  strength  of 
a plank  7 feet  long  and  12  inches  broad,  by  one  thick,  is 
180,163  lbs. ; or  if  2 inches  thick,  it  would  be  no  more.  A 
plank  7 feet  long  and  8 inches  square,  has  47,048  lbs.  of  trans- 
verse strength.  Therefore,  the  former  species  of  scantling  is  tho 
better,  as  it  gives  us  an  excess  of  llOHOlbs.  more  strength  than 
is  required  to  support  that  part  of  the  arch.  But  7 feet  is  only 
one-seventh  part  of  53  feet,  the  frame  ia  therefore  of  suiffeient 
strength  to  support  the  whole  weight  of  the  arch  when  equally 
divided  along  its  whole  length. 

The  relative  proportion  of  the  strength  of  oak  and  fir  is  -f„, 
therefore  for  every  beam  8 inches  square  of  oak,  81  by  21  of  fir 
may  be  used. — From  these  principles  of  M.  Pitot,  every 
mechanic  may  construct  the  frame  centre  for  any  bridge. 

In  the  centering  of  the  Bridge  of  Carvin,  as  represented  in 
the  following  figure,  the  arches  arc  elliptical,  the  longer  axis  or 
span  is  GO  feet,  the  semitransverse  axis  or  rise  20  feet,  tho 
archstoncs  weigh  176  lbs.  per  cubical  foot,  and  nro  4 feet  in 
length,  which  is  the  thickness  of  the  arch  -,  the  truss  beams 


were  from  15  to  18  feet  long  and  8 inches  by  8 inches  broad,  of 
oak.  There  were  five  trusses  61  feet  asunder,  and  the  whole 
weight  of  the  arch  amounted  to  000  tons,  or  112  tons  for  each 
truss ; 90  tons  actually  pressed  on  each  trass.  But  the  diago- 
nal of  tbc  parallelogram  of  forces  drawn  for  these  beams,  is  to 
one  of  the  sides  as  300  to  285;  then  300  : 285  : : 90  : 174 
tons  on  each  foot  or  section  of  144  inches.  And  since  every 
square  inch  of  oak  can  bear  3 tons,  there  were  431  tons  of 
strength,  more  than  six  times  the  pressure  upon  tbc  foot  beams 
in  their  longitudinal  direction. 
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In  the  section  A C B of  this  figure,  we  have  given  the  ccn-  I 
taring  used  in  erecting  the  bridge  of  Nogent,  and  in  the  section  ! 
DCB  that  used  in  the  bridge  of  Maxeoce.  Thev  differ  very  ■ 
little  • but  the  arch  of  Maxcnce  sunk  13  inches,  either  from  the  ; 
suppleness  of  the  frame,  or  because  the  branches  were  not 
filled  up  as  the  work  proceeded.  The  centre  of  Nogent  would 
make  a good  arch  for  a wooden  bridge,  and  the  joints  may  all 
be  secured  by  dove- tailed  pieces ; and  the  whole  may  be  kept 
up  at  a trifling  annual  expense.  ..  , 

In  the  Bridge  of  Neuilly,  in  the  following  figure,  the  span  of 
100  feet  has  a rise  of  30  feet ; the  arch  is  6 feet  thick  ; the  strut 
beams  17  X 14  inches;  the  king  post  16  X 9 inches;  the  strut 
beams  placed  in  the  parallel  to  polygons,  each  abutting  on  the 
king  post  9 inches  square. 


In  the  Bridge  of  Orleans,  in  the  subjoined  figure,  span  100 
feet,  rise  30  feet,  the  struts  A,  B ; A'  B',  give  great  additional 
strength  to  the  centre.  , 


In  Blaekf riar*'  Bridge,  in  the  following  figure,  the  span  is 
100  feet,  the  form  elliptical,  the  archstones  at  the  branch 
7 feet,  and  decreasing  to  the  keystone.  This  bridge  sunk  only 
j$  inches  throughout,  whereas  all  the  French  bridges  we  have 
tuendouad  sunk  11  inches  upon  an  average. 


Waterloo  Bridge* 


The  last  figure  represents  the  centering  used  in  the  con- 
struction of  Waterloo  Bridge,  some  further  details  of  which 
we  have  reserved  for  the  word  Iron  Bridge. 

Centre  of  a Conic  Section,  is  that  point  which  bisects  any 
diameter,  or  that  point  in  which  nil  the  diameters  intersect  each 
other.  This  point  in  an  ellipse  is  within  the  figure,  in  the 
hyperbola  without,  and  in  the  parabola  it  is  at  an  infinite 
distance. 

Centre  of  Conversion,  in  Mechanics,  a term  whose  signifi- 
cation may  be  thus  conceived If  a stick  be  laid  on  stagnant 
water,  and  drawn  by  a thread  fastened  to  it,  so  that  the  thread 
makes  always  the  same  angle  with  it,  the  stick  will  be  found  to 
turn  about  a certain  point ; which  point  is  called  the  centre  of 
Mmrrrim. 

Centre  of  a Curre,  of  the  higher  kind,  is  the  point  where 
two  diameters  concur ; and  when  all  the  diameters  concur  in 
the  same  point,  it  it  caHed  the  general  centre. 

Centre  of  a Dial,  is  that  point  whero  the  gnomon  or  style, 
which  is  placed  parallel  to  the  axis  of  the  earth,  intersects  the 
plane  of  the  dial. 

Centre  of  an  £7/ipss.  See  Centre  of  a Conic  Section . 

Centre  of  fluent,  in  the  old  Astronomy,  a point  in  the  line 
of  aphelion ; being  as  far  distant  from  the  centre  of  the  eccen- 
tric towards  die  aphelion,  as  the  sun  is  from  the  centre  of  the 
eccentric  towards  the  perihelion. 

Centre  of  Equilibrium,  is  the  same  with  respect  to  bodies 
immersed  in  a fluid,  as  the  centre  of  gravity  is  to  bodies  in  free 
space ; or  it  is  a certain  point  on  which  if  a body,  or  system  of 
bodies,  be  suspended,  they  will  rest  in  any  position. 

Centre  of  Friction,  in  that  point  in  the  base  of  a body,  on 
which  it  revolves  ; into  which,  if  the  whole  surface  of  the  base 
and  the  mass  of  the  body  were  collected,  and  made  to  revolve 
about  the  centre  of  the  base  of  the  given  body,  the  angular 
velocity  destroyed  by  its  friction  would  be  equal  to  the  angular 
velocity  destroyed  in  the  given  body  by  its  friction  in  the  same 
time. 

Centre  of  Attraction  of  a body,  is  that  point  into  which,  if 
all  its  matter  was  collected,  its  action  upon  any  remote  particle 
would  still  be  the  same,  as  it  is  while  the  body  retains  its  own 
proper  form.  Or,  it  is  that  point  to  which  bodies  tend  by  their 
gravity,  or  about  which  a planet  revolves  as  a centre ; being 
attracted  or  impelled  towards  it  by  the  action  of  gravity.  The 
common  centre  of  attraction  of  ttco  or  more  bodiet,  is  sometimes 
used  to  denote  that  point  in  which,  if  a particle  of  matter  were 
placed,  the  action  of  each  body  npon  it  would  be  equal,  and 
where  it  will  therefore  remain  in  equiiibrio;  having  no 
tendency  to  move  one  way  rather  than  another.  This  is  more 
properly  termed,  by  some  authors,  the  point  of  equal  attrac- 
tion. 

Centre  of  a Circle,  is  that  point  in  a circle  which  Is  equally 
distant  from  every  point  of  the  circumference,  being  that  from 
which  the  circle  is  described. 

Centre  of  Gravity  of  any  body,  or  system  of  bodies,  is  that 

Coint  upon  which  the  body,  or  system  of  bodies,  acted  upon  only 
y the  force  of  gravity,  will  balance  itself  in  all  positions ; or  it  is 
a point  which,  when  supported,  the  body  or  system  will  be 
supported,  however  it  may  be  situated  In  other  respects. 
Hence  it  follows,  that  if  a line  or  plane  passing  through  the 
centre  of  gravity  be  supported,  the  body  or  system  will  be  also 
supported.  And,  conversely,  if  a body  or  system  balance  itself 
upon  a line  or  plane,  in  all  positions,  the  centre  of  gravity  is  in 
that  line  or  plane.  In  a similar  manner  it  will  appear,  that  if 
a body  rest  in  eqnilibrio,  when  suspended  from  any  point,  the 
centre  of  gravity  of  that  body  or  system  is  in  the  perpendicular 
let  fall  from  the  centre  of  suspension ; and  on  these  principles 
depends  the  mechanical  method,  of  finding  the  centre  of  gravity 
of  bodies. 

To  find  the  Centre  of  Gravity  of  Bodiet,  mechanically . — For 
this  purpose,  it  is  only  necessary  to  dispose  the  body  succes- 
sively in  two  positions  of  equilibrium,  by  tbe  aid  of  two  forces 
in  vertical  directions,  applied  in  succession  to  two  different 
points  of  the  body,  and  ihe  point  of  intersection  of  these  two 
directions  will  shew  the  centre  required. 

This  may  be  exemplified  by  particularizing  a few  methods. 
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If  the  body  hate  plane  sides,  as  a piece  of  board,  hang  it  op 
by  any  point,  then  a p lamb-line  suspended  from  tho  same  point 
will  pass  through  the  centre  of  gravity,  therefore  mark  that  line 
upon  it;  and  after  suspending  the  body  by  another  point, 
apply  the  plummet  to  find  another  such  line,  then  will  their 
intersection  shew  the  centro  oT  gravity.  Or  thus;  hang  the 
body  by  tw  o strings  from  the  same  point  fixed  to  different  parts 
of  the  body  ; then  a plummet  hung  from  the  same  point  w ill 
fall  on  tho  centre  of  gravity. 

Another  method : Lay  the  body  on  the  edge  of  a triangular 
prism,  or  such  like,  moving  it  to  and  fro  till  tho  parts  on  both 
sides  are  in  equilibrio,  and  mark  a lino  upon  it  close  by  tho 
edge  of  tho  prism : balance  it  again  in  another  position,  and 
mark  another  line  by  the  edge  of  the  prism ; the  vertical  line 


passing  through  the  intersection  of  these  lints,  will  likewise 
pass  through  the  centre  of  gravity.  Tho  same  thing  may  be 
effected  hy  laying  the  body  on  a tabic,  till  it  is  just  ready  to 


fall  off,  and  then  marking  a line  upon  it  by  the  edge  of  the 
table:  this  done  in  two  positions  of  the  body,  will,  in  like  man* 
ner,  point  out  the  centre  of  gravity. 

To  Jind  the  Centre  of  Gravity  of  certain  Bodice,  geometrically.— 
Prop.  I.  To  find  tho  centre  of  gravity  of  two  given  bodies. 
Let  A and  13  be  the 
two  given  bodies,  c 

take  A G : BG  : : 13  : 1 OB 

A ; so  shall  G be  the 

centre  of  gravity  of  the  two  bodies,  as  is  obvious  from  the 
principle  of  the  lever;  for  the  bodies  being  suspended  on  the 
point  G,  they  will  remain  in  equilibrio. — Jn  other  words,  the 
distances  AG,  BG,  from  the  common  centre  of  gravity,  are 
reciprocally  as  the  weights  of  the  bodies  A and  11;  for,  if  A G 
= 1,  B O r fl,  and  the  ball  13  zs  2,  then  the  ball  A-3, 
because  4 : 6 : : 3 ; 3. 

Prop.  2.  To  find  the  centre  of  gravity  of  a triangle,  ABC, 
Bisect  any  two  sides,  A C,  C 13.  in  the 
points  P and  B,  join  AE,  BP,  and  C 

the  point  of  intersection  G will  be  the  /\ 

centre  of  gravity  of  the  triangle.  This  / \ 

is  obvious,  because  the  triangle  would  / \ 

balance  itself  on  each  of  the  lines  A K,  aJC 

BP;  for  these  bisecting  the  Hue  13  C,  / \ 

A C,  bisect  every  parallel  section,  and  / ^ ^ 
therefore  the  weight  on  each  aide  is  „ /- 
equal,  and  equally  distant  from  these  ** 
linrs.  . 

3.  To  find  the  centre  of  gravity  of  a trapezium.  Pivide  It 
into  two  triangles,  and  find  the  centre  of  gravity  of  each;  and 
then,  by  prop.  I,  the  centre  of  gravity  of  these  two,  which  will 
be  the  centre  of  gravity  of  the  trapezium.  And  in  the  same 
manner  may  be  found  the  centre  of  gravity  of  any  right-lined 
figure. 

When  from  the  centre  of  gravity  of  any  body  we  let  fall  a 
line  perpendicular  to  the  horizon,  that  line  is  called  the  line  if 
direction,  the  property  of  which  is,  that  when  it  falls  within  the 
base  upon  which  the  body  stands,  the  body  cannot  fall,  but  if  it 
falls  ritAoirf  the  base,  the  body  will  tumble.  Thus,  in  the  inclin- 
ing body  A B,  CP,  as  iu  the  annexed  figure,  the  centre  of 
gravity  is  E,  and  the  body  stands  firmly  on  its  base,  CDIK, 
because  the  line  of  direction  K F falls  within  the  base.  But  if 
the  weight,  as  A 13,  G II,  be  laid  npon  the  top  of  the  body,  the 
centre  of  gravity  is  raised  to  L;  and  then,  as  the  line  of 
direction  LP  falls  without  the  base  at  D, 
the  centre  of  gravity  L is  not  supported, 
and  the  body  and  weight  will  tumble.  1 

Hence  is  obvious  the  danger  of  rising 
hastily  in  a coach  or  boat,  when  it  is  likely  jffl 

to  overset.  By  so  doing,  the  centre  of  Jw 
gravity  is  liable  to  be  thrown  out  of  tlm 
base,  and  tho  vehicle  or  boat  overset.  t 

The  proper  conduct  of  passengers  in  such 
circumstances  is  to  lie  down  in  the  hot-  ; K D 

tom,  and  bring  the  line  of  direction,  and 
consequently  the  centre  of  gravity,  within  the  base.  Coaches 
are  now  built  so  as  to  confine  tbc  centre  of  gravity  within  the 
base  upon  the  most  uneven  roads.  The  mechanical  motions  of 


animals  ought  to  be  regulated  on  these  principles  ; for  when  j 


the  line  of  direction  falls  within  the  base  of  our  fee*,  we  stand, 
and  most  firmly,  when  it  is  in  the  middle  of  the  body,  as  A,  in 
the  human  figure  ; but  when  it  is  out  of  the  base,  we  immedi- 
ately fall.  When  yon  endeavour  to  rise  from  4 seat,  yon 
thrust  forward  your  body,  and  draw  your  feel  backw  ard,  till 
the  vertical  line  from  the  centre  of  gravity  falls  just  before 
your  feet;  ibis  enables  yon  to  rise,  and  prevents  you  falling 
forward  ; you  advance  one  of  your  rect,  till  the  vertical  tine  of 
direction  is  brought  between  your  feet,  in  consequence  of 
which  you  may  stand  firmly.  When  a man,  B C,  as  shewn  in 
tbe  following  figure,  endeavours  to  walk,  he  first  extends  bis 
hindennost  leg  and  foot,  S,  almost  to  a straight  line,  and  at  tho 
same  time  bends  a little  the  knee,  H,  of  his  fore  leg.  Thus 
bis  hind  leg  is  lengthened,  and  his 
fore  leg  shortened,  and  by  this  means 
his  body  is  moved  forward,  till  tho 
centre  of  gravity,  V,  falls  beyond  tbe 
fore  foot  33  ; and  then  being  ready  to 
fall,  he  presently  prevents  it,  by  try- 
ing up  the  bind  foot,  and  by  bending 
the  joints  or  the  bip,  knee,  and  ancle, 
and  suddenly  translating  it  forward 
to  T beyond  the  centre  of  gravity,  * 
and  thus  be  gains  a new  station,. 

After  tbe  same  manner,  by  extend- 
ing the  foot  and  leg  H B,  and  thrust- 
ing forward  the  centre  of  gravity 
beyond  the  foot  S,  and  then  translat- 
ing the  foot  B forward,  be  gains  a 
third  slatiou;  and  thus  walking  is 
continued  nt  pleasure.  His  two  feet  do  not  go  in  one  right 
line,  but  in  two  lines  parallel  to  one  another;  therefore,  a man 
walking  has  a libratory  motion  from  one  side  to  the  other ; and 
it  is  not  possible  to  walk  in  a- right  line.  We  walk  on  level 
ground  easily  and  pleasantly  ; it  is  laborious  to  climb  a hill, 
from  the  great  flexure  required  of  the  joints  to  ascend,  and 
from  the  stress  they  receive  from  the  weight  of  tbe  body  in  that 
position.  In  valuing  we  always  set  down  one  foot  before  tho 
other  be  taken  up ; and  therefore  at  every  step  wc  havo  both 
feet  on  the  ground  at  once.  13ut  in  notainy  we  never  act  one 
foot  down  till  the  other  be  np  ; so  that  at  every  step  we  have 
but  one  foot  on  the  ground,  and  oil  the  intermediate  time  none. 
The  walking  of  birds  is  not  unlike  that  of  man ; only  their 
weight  is  entirely  supported  by  the  strength  of  the  muscles, 
since  their  joints  are  always  bent.  The  feet  of  birds  are  also 
moved  in  two  parallel  lines.  The  motions  of  quadrupeds  are 
the  same  as  those  of  men. 

When  a heaet,  a horse  for  example,  itandt,  the  lino  of  gravity 
must  fall  within  the  quadrilateral  made  by  bis  four  feet  When 
heu  alkt.  he  has  always  three  feet  on  the  ground,  and  one  up.  as 
you  seo  in  the  figure.  Thus,  suppose  he  first  lift  the  hind  foot 
C.  Before  be  does  this,  by  exteuding  his  .-leg  backwards,  ho 

thrusts  forward 
his  body  and  tbe 
centre  of  parity; 
then  taking  up 
the  foot  C he 
moves  it  forward 
to  F.  Then  he 
directly  takes  up 
the  fore  foot  B 
on  the  same  side, 
and  carries  it  to 
H ; the  n he  takes 
up  the  hind  foot 
D,and  translates 
it  forward ; and 
then  the  fore  foot 
A ; then  C again, 
and  so  on. 

Let  any  person  try  to  walk  on  all-fours,  and  one  band  and 
one  leg  on  one  side,  one  hand  and  one  leg  on  the  other,  is  tho 
natural  action  of  the  horse  in  walking.  When  the  horse  iroiet 
ho  takes  up  two  feet  together,  and  sots  down  two  together, 
diagonally  opposite.  When  he  gallop*t  bo  takes  up  Ihs  feet 
one  by  one,  and  sets  them  down  one  by  one;  though  some 
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animals  strike  with  the  two  fore  feet  nearly  at  once,  and  the 
two  hind  feet  nearly  at  oner ; and  have  not  above  two  feet  on 
the  ground  at  once.  Animals  of  six  or  more  feet,  as  the  cater- 
pillar,  take  up  the  hindmost  first,  then  the  next,  and  then  the 
next  in  order  to  the  foremost,  alt  on  on*  tide ; and  after  that, 
all  the  feet  on  the  other  tide;  in  the  same  order,  beginning 
at  the  last.  If  the  caterpillar  were  to  take  up  its  foremost  fipot 
first,  it  would  move  backwards,  as  we  see  a crab  do  on  the  sea- 
horse. 

Dogs,  and  other  four-footed  animals,  find  it  difficult  to  stand 
upon  their  hind  legs,  as  the  centre  of  gravity  lies  too  far  for- 
ward, the  heads  of  all  animals  being  heavy,  in  proportion  to 
other  parts  of  the  bodr. 

In  the  duck,  the  goose,  and  the  swan,  who  are  adapted  for 
swimming,  the  centre  of  gravity  lies  pretty  far  forward  ; hence 
they  walk  awkwardly,  and  do  not  seem  at  case  hot  when  in 
the  water.  Hawks  have  the  ceotre  of  gravity  so  far  forward, 
that  when  they  light  on  the  rocks  they  arc  obliged  to  stand 
with  their  heads  up,  somewhat  in  the  manner  of  dogs.  If  they 
were  to  put  themselves  in  any  other  position,  they  would  fall 
forward.  Penguins  arc  similarly  formed,  and  their  weight 
sinks  them  so  deep  in  the  water,  that  a stream  passes  between 
the  neck  and  the  body.  In  cals,  and  animals  that  spring  upon 
their  prey,  the  centre  of  gravity  is  so  situated  that  they  uni- 
formly fall  upon  their  feet.  When  dropping  from  a height, 
they  hang  down  the  fore  and  hind  feet  and  tail,  so  as  to  bring 
me  centre  of  gravity  to  the  point  below  their  breast,  which, 
descending  first,  makes  them  fall  as  they  do.  Fasten  a piece 
of  lead  or  stone  to  the  siring  of  a bent  bow,  and  toss  the  whole 
in  the  air,  that  part  will  come  down  first,  and  the  hack  of  the 
bow  will  never  do  so.  The  same  cause  acts  in  the  case  of  cats 
and  other  animals  of  prey. 

We  are  told  by  voyagers,  and  writers  on  natural  history, 
that  tortoises  are  taken  in  warm  climates  whilst  floating  in  a 
drowsy  state  on  the  surface  of  the  waves.  A man  throws  him- 
self out  of  the  boat,  and  lays  hold  of  the  tortoise  by  the  tail, 
and  by  his  weight  keeps  it  from  diving,  which  gives  bis  com- 
panions time  to  lay  hold  and  drag  it  into  the  boat. 

Centre  of  Gyration , of  a body,  or  system  of  bodies,  is  that 
point  into  which,  if  the  whole  mass  were  collected,  a given  force 
applied  at  a given  distance  from  the  axis  of  suspension,  would 

roduce  the  same  angular  velocity  in  the  same  time,  as  if  the 

odies  were  disposed  at  their  respective  distances.  This  point 
differs  from  the  centre  of  oscillation  only  in  this,  that  in  the  latter 
case  the  motion  is  produced  by  the  gravity  of  the  body  or  of  its 
particles,  but  in  the  case  of  the  centre  of  gy  ration  tbo  body  is  put 
in  motion  by  some  other  force  acting  at  one  place  only.  The 
distance  of  the  centre  of  gyration  from  the  axis  of  motion,  is  a 
mean  proportion  between  the  distance  of  the  centre  of  gravity 
and  oscillation  from  the  same  axis.  Hence,  when  any  two  of 
these  distances  arc  known,  the  third  may  be  readily  determined. 

Centre  of  Magnitude,  the  point  equally  distant  from  the 
similar  external  parts  of  a body. 

Centre  of  Motion,  that  point  which  remains  at  rest  while  all 
the  other  points  of  a body  move  about  it.  And  this  is  the  same 
in  uniform  bodies  of  the  same  matter  throughout,  as  the  centre 
of  gravity. 

Centre  of  Oscillation , is  that  point  in  the  axis  of  suspension 
of  a vibrating  body,  in  which  if  all  the  matter  of  the  system 
were  collected,  any  force  applied  there  would  generate  the 
same  angular  velocity  in  a given  time,  as  the  same  force  at  the 
centre  of  gravity,  the  parts  of  the  system  revolving  in  their 
respective  places.  Or,  sinoe  the  force  of  gravity  upon  the 
whole  body  may  bo  considered  as  a single  force,  equivalent  to 
the  weight  of  the  body,  applied  at  its  centre  of  gravity  ; the 
centre  of  oscillation  is  that  point  in  a vibrating  body,  into 
which  if  the  whole  mass  were  concentrated,  and  attached  to 
the  same  axis  of  motion,  it  would  then  vibrate  in  the  same 
time  the  body  does  in  its  natural  state.  The  centre  of  oscilla- 
tion cannot  fall  within  a cone,  unless  the  altitude  be  greater 
than  the  semidiameter  of  the  cone's  base ; and  when  the  altitude 
and  semibase  are  equal,  the  centre  of  the  base  is  the  centre  of 
oscillation;  hut  when  the  semidiameter  of  the  base  exceeds  the 
altitude,  it  always  falls  below  the  base. 

Centre  of  Percussion,  in  a moving  body,  is  that  point  where 
the  percussion  or  stroke  is  the  greatest,  in  which  the  whole 
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percuticnt  force  of  the  body  is  supposed  to  be  collected  ; or 
about  w hich  the  impetus  of  the  parts  is  balanced  on  every  side, 
so  that  it  may  be  stopped  by  an  immoveable  obstacle  at  this 
point,  and  rest  on  it  without  acting  on  the  centre  of  suspension. 

1.  When  the  percuticnt  body  revolves  about  a fixed  point, 
the  centre  of  percussion  is  the  same  with  the  centre  of  oscilla- 
tion ; and  is  determined  in  the  same  manner,  vis.  by  consider- 
ing the  impetus  of  the  parts  as  so  many  weights  applied  to  an 
indexible  right  lino  void  of  gravity;  namely;  by  dividing  the 
sum  of  the  products  of  the  forces  of  the  parts  multiplied  by 
their  distances  from  the  point  of  suspension,  by  the  sum  of  the 
forces.  The  centre  of  percussion  in  a cylinder  is  at  | of  its 
length  front  the  point  of  . suspension  ; or  a stick,  of  a cylindrical 
figure,  supposing  the  centre  of  motion  at  the  hand,  will  strike 
the  greatest  blow  at  a point  about  two-thirds  of  its  length  from 
the  band. 

2.  Hut  when  the  body  moves  with  a parallel  motion,  er  all 
its  parts  with  the  same  celerity,  then  the  centre  of  percussion 
is  the  same  as  the  centre  of  gravity.  For  the  momenta  are  the 
products  of  the  weights  ami  celerities  : and  to  multiply  equi- 
ponderating bodies  by  the  same  velocity,  is  the  same  thing  as 
to  take  equimultiples ; but  the  equimultiples  of  equiponderating 
bodies  do  also  equiponderate,  therefore  equivalent  momenta 
are  disposed  about  the  centre  of  gravity,  and  consequently  in 
this  case  the  two  centres  coincide,  and  what  is  true  of  the  one 
will  hold  in  the  other. 

Centre  Phonic,  in  Acoustics,  is  (lie  place  where  the  speaker 
stands  in  polysyllabical  and  articulate  echoes. 

Centre  Phonocamptie,  is  the  place  or  object  that  returns 
the  voice. 

Centre  of  Position,  in  Mechanics,  denotes  a poiut  of  any 
body,  or  system  of  bodies,  so  selected  that  we  may  properly 
estimate  the  situation  and  motion  of  the  body,  or  system,  by 
those  of  this  point.  It  is  evident,  that  in  mechanical  discus- 
sions, the  point,  by  the  position  of  which  wc  estimate  the  posi- 
tion and  distance  of  the  w hole,  must  be  so  determined  that  its 
position  and  distance  of  the  whole,  estimated  in  anv  direction 
whatever,  shall  be  the  average  of  the  positions  and  distances 
of  every  particle  of  the  mass  estimated  in  the  same  direction. 
Accordingly,  this  will  be  the  case,  if  the  point  be  so  selected 
that  when  a plane  is  made  to  pass  through  it  in  any  direction 
whatever,  and  perpendiculars  are  drawn  to  this  plane  from 
every  particle  in  the  body  or  system,  the  sum  of  all  the  perpen- 
diculars on  one  aide  of  this  plane  is  equal  to  the  sum  of  all  the 
perpendiculars  on  the  other  side. 

Centre  of  Pressure,  or  Meta  Centre  of  a fluid  against  a 
plane,  is  that  point  against  which  a force  being  applied  equal 
and  contrary  to  the  w hole  pressure,  it  will  sustain  it,  so  as  that 
the  body  pressed  on  will  not  incline  to  either  side.  This  is  the 
same  as  the  centre  of  percussion,  supposing  the  axis  of  motion 
to  be  at  the  intersection  of  ibis  plane  with  the  surface  of  the 
fluid  ; and  the  centre  of  pressure  upon  a plane  parallel  to  the 
horizon,  or  upon  any  plane  where  the  pressure  is  uniform,  is 
the  same  as  the  centre  of  gravity  of  that  plane. 

Centre  of  spontaneous  Potation,  is  that  point  which  remains 
at  rest  the  instant  a body  is  struck,  or  about  which  the  body 
begins  to  revolve.  ■ If  a body  of  any  size  or  form,  after  rota- 
tory or  gyratory  motions,  be  left  entirely  to  itself,  it  will 
always  have  three  principal  axes  of  rotation,  that  is,  all  the 
rotatory  motions  by  which  it  is  effected  may  be  constantly 
reduced  to  three,  which  are  performed  round  three  axes  per- 
pendicular to  each  other,  passing  through  the  centre  of  gravity, 
and  always  preserving  the  same  position  in  absolute  space, 
while  the  centre  of  gravity  is  at  rest,  or  moves  uniformly 
forward  in  a right  line. 

Centre  Vslie,  Velique,  or  Velic  Point,  is  (he  centre  of  gravity 
of  an  equivalent  sail,  or  that  single  sail  whose  position  and 
magnitude  are  such  as  cause  it  to  be  acted  upon  by  the  wind 
when  the  vessel  is  sailing,  so  that  the  motion  shall  he  the  same 
as  that  which  takes  place  while  the  sails  have  their  usual 
positions. 

CENTRIFUGAL  Pimp,  a very  curious  machine  for  raising* 
water  by  means  of  a centrifugal  force  combined  with  the  pres- 
sure of  the  atmosphere.  It  consists  of  a large  tube  of  copper, 
&c.  in  the  form  of  a cross,  which  is  placed  perpendicularly  in 
the  watcrr  and  rests  at  the  bottom  on  a pivot.  At  the  upper 
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part  of  tin*  tube  is  an  horizontal  cog-wheel,  which  touches  the 
cogs  of  another  in  a vertical  position  ; bo  that  by  the  help  of  a 
double  winch  the  whole  machine  is  moved  round  with  very 
great  velocity.  Near  the  bottom  of  the  perpendicular  part  of 
the  tube  is  a valve  opening  upwards  ; ami  near  the  two  extre- 
mities, but  on  the  contrary  side  of  the  arms  or  cross  part  of 
the  tube,  arc  two  other  valves  opening  outwards.  These  two 
valves  arc,  hy  the  assistance  of  springs,  kept  shut  till  the 
machine  is  put  m motion,  when  the  centrifugal  velocity  of  the 
w ater  forces  them  open,  and  discharges  itself  into  a cistern  or 
resrrvoir  placed  there  for  that  purpose.  On  the  upper  part  of 
the  arms  are  two  holes,  which  are  closed  hy  pieces  screwed 
into  the  metal  of  the  tube.  Ilcfore  the  machine  can  work, 
those  holes  must  be  opened,  and  water  poured  in  through 
them,  till  the  whole  tube  be  full;  by  these  moans  all  the  air 
will  he  forced  out  of  the  machine,  and  the  water  supported  in 
the  tube  by  means  of  the  valve  at  the  bottom.  The  tube  being 
thus  tilled  with  water,  ami  the  holes  closed  hy  the  screw-caps, 
it  is  turned  round  by  means  of  the  winch,  when  the  water  in  the 
arms  of  the  tube  acquires  a centrifugal  force,  opens  the  valves 
near  the  extremities  of  the  arms,  and  flies  out  with  a velocity 
nearly  equal  to  that  of  flic. extremities  of  the  said  arms.  This 
machine  cannot  raise  water  higher  than  3*2  feet ; because  its 
action  depends  upon  the  weight  of  the  atmosphere,  and,  on 
shipboard,  is  much  inferior  to  the  chain-pump. 

Centrifuoal  Force , is  that  force  hy  w hich  a body  revolving 
about  a centre,  or  about  another  body,  has  a tendency  to  recede 
from  it. 

CENTRIPETAL  Parch,  is  that  force  by  which  a body  is 
perpetually  urged  onwards  to  a centre,  and  thereby  made  to 
revolv  e in  a curve  instead  of  a right  line. 

CENTURA7,  any  thing  divided  or  ranged  into  periods  of 
huudreds.  Thus  we  say,  such  a century  of  the  Christian  irra. 
meaning  so  many  hundred  year*  since  the  commencement  of 
that  tent,  and  which  is  necessarily  one  more  than  the  number 
of  years  mentioned  in  the  date  : the  present  is  the  19th  century, 
which  commenced  on  the  1st  of  January,  1801. 

CBPHKUS.  This  constellation  perpetuates  the  memory  of 
an  ancient  king  or  Ethiopia,  or  India,  said  to  be  the  father  of 
Andromeda,  amt  husband  of  Cassiopeia.  Hyh  (a  king)  was  the 
old  Ethiopian  name  for  this  aslcrism,  which  the  Arabians  call 
Keiphut,  and  Ckeie,  an  evident  corruption  from  the  Greek,— 
The  boundaries  and  contents  arc : north  by  the  pole  of  the 
world,  east  by  Cassiopeia  and  Turandus,  south  by  Lacerta  and 
Cygnus.  and  west  hy  Draco.  Right  ascension  8°,  and  declina- 
tion GO0  north.  It  contains  35  stars,  r is.  three  of  the  3d  mag- 
nitude, seven  of  the  4th,  Ac.  Alder  a min,  a,  having  3 It*0  33' do* 
right  useension,  and  61°  41#*  28*  north  declination,  culminates, 
at  London,  on  the  flrst  day  of  every  month,  as  shewn  in  the 
following  table  : Meridian  Altitude  7 UP  41'  32“  north. 


Month. 

CVIH. 
ho,  mi. 

Month. 

Cblv. 
h«.  mi. 

Month. 

CriM. 
ho.  mi. 

J«». 

2 M A. 

M*y 

0 14  M. 

Sept. 

10  29  A 

Feb. 

12  IP  A. 

J«o« 

4 19  M. 

Oct. 

8 44  A. 

March 

10  lt>  M. 

July 

2 IP  M. 

No  f. 

6 69  A. 

April 

8 211  M. 

Aug. 

12  29  M. 

Doc. 

4 49  A. 

CETUS,  the  Whale,  is  pretended  by  the  Greeks  to  be  the 
sea  monster  which  Neptune,  brother  to  Juno,  sent  to  devour 
Andromeda,  because  her  mother,  Cassiopeia,  had  boasted  her- 
self to  be  fairer  than  Jono  and  the  Nereides  ; and  it  was  placed 
among  the  stars,  when  Perseus,  to  save  that  princess,  struck  it 
dead,  by  presenting  to  its  view  the  head  of  MedusR.  The 
name  of  this  constellation  is  found  long  prior  to  the  time  of 
Perseus.  When  the  equinoctial  sun  in  Aries  opened  the  year, 
it  was  denominated  the  preserver  or  deliverer,  hy  the  idolaters  of 
the  East.  The  constellation  of  the  Whale  is  called  Nun  in  Chal- 
daic,  and  Anus  in  Syriac.  Now  the  head  of  Cetus  is  placed 
immediately  under  the  Ham,  and  always  rises  and  sets  with 
that  sign,  hut  the  rest  of  the  constellation  rises  before 
Aries.  On  this  account,  it  has  been  suggested,  that  the 
Ram  was  metaphorically  railed  the  son  of  that  constellation, 
• which  is  next  to  it,  and  which  rises  immediately  before  it. — The 
boundaries  and  contents  of  this  constellation  are:  north  by 
Pisces  and  Aries,  east  by  Eridanus,  Orion,  and  Taurus,  south 
by  Fornax  Chcmira  and  Oflicina  Sculptoris,  and  west  by  Aqua- 
rius. This  constellation  occupies  the  greatest  space  ol  any  in 


the  firmament.  It  contains  97  stars,  of  which  two  are  of  tbo 
2d  magnitude,  eight  of  the  third,  nine  or  the  4th,  &c.  The 
brilliant  in  this  constellation  is  Menkar,  situated  in  the  upper 
mandible,  and  of  the  2d  magnitude,  having  43°  12*  59*  north, 
right  ascension,  nod  3°  82*  50*  declination  north.  This  star 
appears  in  the  horizon,  at  I^ondon.  on  E.  by  N.  j E.  point  of 
the  compass,  and  rises  and  culminates  as  in  the  following 
table  : Meridian  Altitude  41°  61'  60*. 
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4 
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CHAFF  MACHINE,  as  represented  in  the  following  figure, 
is  used  for  cutting  straw  for  horses  and  cattle.  This  machine 
consists  of  a wooden  frame,  supported  by  four  legs,  and  on 
this  frame  is  a box  to  hold  the  straw,  about  6 feet  long  aod  10 
inches  broad.  On  the  wheel  K is  fixed  a knife  A.  and  in  every 
revolution  of  the  wheel  the  knife  passes  the  end  of  the  box, 
and  cuts  the  straw  into  chaff.  The  straw  is  fed  hy  two  rotters 
connected  with  the  machinery  in  the  side  of  the  box,  and 
worked  usually  by  a wheel,  whose  teeth  work  in  an  endless 
screw.  The  whole  is  worked  hy  the  hand,  which  grasps  the 
winch  C.  This  is  Baker's  chaff-cutter.  Pike's  is  somewhat 
different. 


CHAIN,  an  instrument  used  in  surveying,  of  which  there  are 
three  different  kinds,  but  that  which  is  most  commonly 
employed  for  this  purpose,  is  the  Gunter  chain,  so  called  from 
the  name  of  its  inventor.  This  chain  is  4 poles,  or  66  feet  long, 
and  is  divided  into  100  square  lengths,  or  links,  each  link  being 
782  Inches  in  a link.  1 square  chain  = 10000  links  = 16  poles  ; 
10  square  chains  — 100000  links  22  100  poles  = 1 acre. 

Hence  we  have  the  following  easy  method  of  converting  links 
or  chains  to  acres  : — From  the  number  of  links  point  off  five 
figures  to  the  right  hand  for  decimals,  and  those  on  the  left  will 
be  acres;  multiply  the  decimals  by  4,  and  point  off  again  five 
places  for  decimals,  and  those  on  the  left  will  be  roods;  multi- 
ply those  decimals  by  40,  and  point  off  the  decimals  as  above, 
and  the  figures  on  the  left  will  be  poles,  or  perches,  which  is 
commonly  Ibe  lowest  denominator.  See  SORveTiNO. 

CHAIN-PUMP,  a well-known  hydraulic  machine  for  raising 
water.  It  is  usually  made  from  12  to  26  feet  in  length,  and 
consists  of  two  collateral  square  barrels,  and  an  endless  chain 
of  pistons  of  the  same  form  fixed  at  proper  distances.  The 
chain  is  moved  round  a coarse  kind  of  wheelwork,  fixed  some* 
times  at  one  end,  but  often  at  both  ends  of  tho  machine.  Tho 
teeth  of  the  wheelwork  are  so  contrived  as  to  receive  one  half 
of  the  fiat  pistons,  and  let  them  fold  in ; and  they  take  hold  of 
the  links  as  they  rise.  A whole  row  of  the  pistons  (which  go 
free  of  the  sides  of  the  barrel  hy  about  a quarter  of  an  inch)  are 
always  lifting  when  the  pump  is  at  work;  and,  as  this  machine 
is  generally  worked  briskly,  the  pistons  or  pallets  bring  up  a full 
bore  of  water  in  the  pnrop.  Chain-pumps  are  wrought  some- 
times by  men  turning  winches,  sometimes  by  horses,  and  some- 
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times  by  the  impulse  of  & stream  of  water : they  are  likewise 
so  contrived,  that  by  the  continual  folding  in  of  the  pistons, 
stones,  dirt,  or  whatever  comes  in  the  way.  may  be  cleared  off ; 
they  are  therefore  often  used  to  drain  ponds,  sewers,  and  remove 
foul  water,  when  no  other  pomp  could  be  employed. 

Chain-pumps  are  not  merely  fixed  in  a vertical  position,  but 
are  often  inclined  ; and  in  the  latter  case  they  are  in  a state  of  the 
greatest  perfection,  or  raise  the  most  water,  when  the  breadth 
of  the  pallets  is  equal  to  their 
distance  from  each  other,  and 
the  plane  is  inclined  under  an 
jrle 


angle  of  24°  21'.  The  Chineso 
method  of  working  the  chain* 
pomp  resembles  the  opera* 
lion  of  the  tread-mill. 

It  is  not  unusual  for  chain- 
puaips  to  be  erected  without 
a barrel  to  receive  the  pis- 
tons, after  the  manner  repre- 
sented in  the  figure.  The 
pallets  are  converted  into 
square  boxes  8,  S,  kc.  which 
are  raised  by  means  of  hexa- 
gonal axles,  each  side  of  the 
hexagon  being  equal  to  the 
distance  from  box  to  box  ; the 
boxes  descend  with  their 
mouths  downwards,  and  sa 
enter  the  water. 

Another  contrivance  for 
raising  water,  similar  to  the 
chain-pump,  is  an  endless 
rope,  with  stuffed  cushions 
hung  upon  it,  which,  by  means 
of  two  wheels  or  drums,  are 
caused  to  rise  in  succession 
in  the  same  barrel,  and  to 
carry  water  with  them.  From 
the  resemblance  of  this  appa- 
ratus to  a string  of  beads,  it 
is  usually  called  ptUtmosUr-wtsrk.  But  in  this'  as  well  as  the 
chain-pump,  the  'magnitude  of  the  friction  is  a formidable 
practical  objection. 

CHAINS,  strong  links  or  plates  of  iron,  the  lower  ends  of 
which  arc  bolted  through  a ship’s  side  to  the  timbers:  they 
are  placed  at  short  distances  from  each  other  on  the  ship's 
outside,  as  being  used  to  contain  the  blocks,  called  dead-eyes, 
by  which  the  shrouds  of  tbo  masts  are  extended. 

CHAIN-SHOT,  a particular  kind  of  shot,  formed  by  fasten- 
ing two  cannon-balls  together  with  a short  chain,  and  designed 
to  mangle  and  ruin  a ship's  sails  and  rigging. 

CHAIN-WALES  »r  Chink  els,  broad  and  thick  planks 
projecting  horizouiftiy  from  the  ship's  outside,  beginning 


abreast  of,  and  coutiduing  somewhat  abaft  each  mast.  They 
are  formed  to  extend  the  shrouds  from  each  other,  and  from  the 
axis,  or  middle  of  the  ship,  so  as  to  give  a greater  security  and 
support  to  the  masts,  and  to  prevent  the  shrouds  from  rubbing 
against  the  gun-wale.  Every  mast  has  its  chain- wales,  which 
are  cither  built  above  or  below  the  second-deck  ports  in  a 
ship  of  the  line ; they  arc  strongly  connected  to  the  side  by 
knees  bolts,  and  standards,  besides  being  confined  thereto  by  the 
chains,  whose  upper  ends  pass  through  notches  on  the  outer 
edge  of  the  chain-wales,  so  as  to  unite  with  the  shrouds  above. 

CHALDRON,  an  English  dry  measure  of  capacity,  mostly 
used  in  measuring  coals.  The  chaldron  contains  36  bushels,  and 
weighs  about  28  cwt.  By  act  of  parliament,  the  Newcastle 
chaldron  is  to  weigh  621  cwt.,  and  this  is  to  the  London  chal- 
dron in  the  ratio  of  15  to  6,  which  givea  28  cwt.  for  the  London 
ebatdron.  as  above  stated. 

CHAMELEON,  The,  in  Astronomy,  is  a small  asterism  by 
the  roots  of  Robur  Carol!,  at  the  south  pole,  and  contains  ten 
stars,  none  of  which  exceed  the  6th  magnitude. 

CHANCES,  an  interesting  branch  of  the  modern  analysis, 
which  treats  of  the  probability  of  certain  events  taking  place, 
by  contemplating  the  different  ways  in  which  they  mky  happen 
or  fall.  The  doctrine  of  chances  is  a subject  of  which  the 


' ancients  seem  to  have  had  no  idea;  the  discovery  of  it  is 
| wholly  due  to  the  moderns  ; but,  like  most  other  theories,  it  has 
' grown  into  a science  by  such  imperceptible  degrees,  that  we 
can  scarcely  say  to  whom  wc  are  indebted  for  the  first  inven- 
tion. But  the  various  circumstances  and  limitations  under 
which  events  may  happen,  render  it  impossible  to  reduce  the 
laws  of  chance  to  a few  determined  rules  and  principles,  as  is 
done  in  various  other  branches  of  analysis  ; much  must  neces- 
sarily be  left  to  the  judgment  of  the  analyst,  and  no  subject 
requires  more  bis  care  and  attention.  We  cannot  in  this  place 
enter  upon  the  subject  furlhcr  than  to  observe,  that  the  proba- 
bility of-casting  an  ace  with  a single  die  in  one  throw  is  of 
casting  an  acc  or  dcucc  is  J,  and  so  on.  Again,  the  probability 
of  drawing  an  acc  out  of  a complete  pack  of  cards  is  A or  ^j. 
For  there  arc  four  aces  and  52  cards,  or  4 chances  for  the 
event  happening,  and  52  for  its  happening  and  failing. 

CHANGES,  in  Mathematics,  denote  the  various  arrange- 
ments that  may  take  place  in  the  order  or  situation  of  a given 
number  of  things  ; and  is  distinguished  from  the  more  general 
term  Permutations,  in  this  ; that  in  the  latter  there  may  be  any 
number  of  things,  and  any  number  taken  at  a time;  while  in 
the  former,  the  whole  number  is  always  supposed  to  enter. 
The  whole  number  of  changes  that  a given  number  of  things  » 

admits  of,  is  equal  to  tbe  continued  product  1.2.3.4 it thus 

the  number  of  changes  of ...  .6  things  = 1 .2,3. 4.5.6  zz  720 
7 things  =:  1.2,3.45.6.7  ~ 5040 
See  Permutation  and  Combination. 

CHANNEL,  in  Hydrography,  the  deepest  part  of  a river, 
harbour,  or  streight,  which  is  most  convenient  for  the  track  of 
shipping;  also,  an  arm  of  the  sea  running  between  an  island 
and  the  main  or  continent,  as  the  British  channel,  kc. 

CHARACTERS,  in  Mathematics,  arc  certain  symbols  intro- 
duced in  order  to  represent  cither  quantities  or  operations. 
Algebraical  Characters  are  those  used  to  denote  operations, 
equalities,  proportions,  Ac.  See  Algebraical  Definitions. 
Astronomical  Characters  are  those  used  to  denote  the  Aspects, 
Planets,  Signs.k c.  Geometrical  and  Trigonometrical  Charac- 
ters. .SVcGeometry  and  Trigonometry.  Numeral  Characters 
are  those  used  to  represent  numbers. 

CHARGE,  in  Electricity,  in  a strict  sense,  denotes  the  accu- 
mulation of  the  electric  matter  on  one  snrface  of  an  electric,  as 
a pane  of  glass,  Leyden  phial,  &c.  whilst  an  equal  quantity 
passes  off  from  the  opposite  surface. 

Charge,  in  Gunnery,  is  the  quantity  of  powder  and  ball,  nr 
shot,  put  into  a piece  of  ordnance,  in  order  to  prepare  it  for 
execution.  Different  charges  of  powder,  with  tbe  same  weight 
of  ball,  produce  different  velocities  in  the  ball,  which  arc  in 
the  subduplicate  ratio  of  the  weights  of  powder ; and  when 
the  weight  of  powder  Is  the  same,  and  the  ball  varied,  the 
velocity  produced  is  in  the  reciprocal  snbduplicato  ratio  of  Hve 
weight  of  the  ball:  and  thus  corresponds  both  to  theory  and 
practice.  This,  however,  is  on  a supposition  that  the  gun  is 
of  an  indefinite  length  ; whereas,  on  acconnt  of  the  limited 
length  of  guns,  some  variation  from  this  law  occurs  in  practice, 
as  well  as  in  theory ; in  consequenoe  of  which  it  appears,  that 
the  velocity  of  the  ball  increases  with  the  charge  only  to  a cer- 
tain point,  which  is  peculiar  to  each  gun,  where  the  Telocity  is 
the  greatest ; and  that,  by  farther  increasing  the  charge,  the 
velocity  is  gradually  diminished,  till  the  bore  is  quite  full  of 
powder.  The  length  of  the  charge  producing  the  greatest 
velocity,  ought  to  be  about  |tbs  of  tbe  length  of  tbe  bore.  But 
for  several  reasons,  tbe  length  of  the  charge  producing  the 
peatest  velocity  falls  short  of  this,  and  the  more  so  as  the  gun 
is  the  larger.  From  many  experiments  it  has  been  found,  that  the 
length  of  the  charge  producing  the' greatest  velocity,  io  guns 
of  various  lengths  of  bore,  from  15  to  40  calibers,  is  as  follows: 

Lrocih  of  Ch«i**  tor 
SfCilMi  V«UciUM. 

* 

* 


Length  of  Bon  to  CallBm. 

15  

20 


30 

40 


In  practice,  however,  the  charge  which  produces  the  greatest 
velocity,  is  not  that  which  produces  the  greatest  effect,  at  least 
in  battering  down  the  gates,  kc.  of  fortified  places,  ami  in 
naval  actions ; for  the  balls,  in  these  cues,  penetrate  and  pass 
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quite  through,  and  therefore  communicate  to  the  objects  the; 
strike  against,  only  a part  of  their  momentum. 

-CHARLES’S  Wain,  a name  given  by  some  old  astronomical 
writers  to  the  constellation  Ursa  Major. 

CHART,  or  Sea  Chart,  a hydrographical  or  sea  map,  for 
the  use  of  navigators ; being  a projection  of  some  part  of  the 
sea  in  piano,  shewing  the  sea-coasts,  rocks,  sands,  bearings, 
&c.  Fournier  ascribes  the  invention  of  sea  charts  to  Henry, 
son  of  John,  king  of  Portugal.  These  charts  are  of  various 
kinds,  the  plain  chart,  Mercator’s  or  Wright’s  chart,  the  globu- 
lar chart,  &c.  In  the  construction  of  charts,  great  care  should 
betaken  that  the  several  parts  of  them  preserve  their  position 
to  ouc  another,  in  the  same  order  as  on  the  earth  ; and  it  is 
probable,  that  the  finding  out  of  proper  methods  to  do  this  gave 
rise  to  the  various  modes  of  projection. 

There  are  many  ways  of  constructing  maps  and  charts ; but 
they  depend  chiefly  on  two  principles.  First,  by  considering 
the  earth  as  a large  extended  flat  surface  ; and  the  charts  made 
on  this  supposition  are  usually  called  plain  charts.  Secondly, 
by  considering  the  earth  as  a sphere;  and  the  charts  made  on 
this  principle  are  sometimes  called  globular  charts  ; Mercator’s 
charts  resemble  a cylinder  unrolled ; and  to  these  hydrogra- 
phical maps  we  more  properly  give  the  epithet  chart. 

Plain  Charts  have  the  meridian,  as  well  as  the  parallels  of 
latitude,  draw  n parallel  to  each  other,  and  the  degrees  of  longi- 
tude and  latitude  every  where  equal  to  those  at  the  equator. 
And  therefore  such  charts  must  be  deficient  in  several  respects. 
For,  first,  since  in  reality  all  the  meridians  meet  in  the  poles, 
it  is  absurd  to  represent  them,  especially  in  large  charts,  by 
parallel  right  lines.  Secondly,  as  plain  charts  shew  the  degrees 
of  the  several  parallels  as  equal  to  those  of  the  equator,  there- 
fore the  distances  of  places  lying  east  and  west  must  be  repre- 
sented much  larger  than  they  really  are.  And,  thirdly,  in  a 
plain  chart,  w hile  the  same  rhumb  is  kept,  the  Vessel  appears 
to  sail  on  a great  circle,  which  is  not  really  the  case.  Yet 
plain  charts  made  for  a small  extent,  as  a few  degrees  in  length 
and  breadth,  may  be  tolerably  exact,  especially  for  any  part 
within  the  torrid  cone ; and  even  a plain  chart  made  for  the 
w hole  of  this  zone  will  differ  but  little  from  the  truth. 

Merealor't  Chart,  like  the  plain  charts,  has  (he  meridians 
represented  by  parallel  right  lines,  and  the  degrees  of  the 
parallels,  or  longitude,  every  where  equal  to  those  at  the 
equator,  so  that  they  arc  increased  more  and  more,  above  their 
natural  sire,  as  they  approach  towards  the  pole  ; but  then  the 
degrees  of  the  meridians,  or  of  latitude,  are  increased  in  the 
same  proportion  at  the  same  part ; so  that  the  same  proportion 
is  preserved  between  them  as  on  the  globe  itself.  This  chart 
has  its  name  from  that  of  the  author,  Girard  Mercator,  who 
first  proposed  it  for  use  in  the  year  1650,  and  made  the  first 
charts  of  this  kind,  though  they  were  not  altogether  on  true  or 
exact  principles,  nor  docs  it  appear  that  be  perfectly  understood 
them.  Neither,  indeed,  was  the  thought  originally  bis  own,  of 
lengthening  the  degrees  of  tbc  meridian  in  some  proportion ; 
for  that  was  hinted  by  Ptolemy  two  thousand  years  ago.  It 
was  not  perfected,  however,  till  about  the  year  1600,  when  Mr. 
Wright  shewed  a ready  way  of  constructing  it,  by  enlarging  the 
meridian  line  by  tbe  continual  addition  of  the  secants. 

Globular  Chart,  is  a projection  so  called  from  the  conformity 
it  bears  to  the  globe  itself.  This  is  a meridional  projection,  in 
which  the  parallels  are  equidistant  circles,  having  the  pole  for 
their  common  centre,  and  the  meridians  curvilinear  and  inclined, 
so  as  all  to  meet  in  the  pole,  or  common  centre  of  the  parallels. 
By  which  means  the  several  parts  of  the  earth  have  their  pro- 
per proportion  of  magnitude,  distance,  aud  situation,  nearly  the 
same  as  on  the  globe  itself ; w liich  renders  it  a good  method 
for  geographical  maps. 

Hydrographical  Charts,  arc  sheets  of  large  paper,  on  which 
several  parts  of  the  land  and  sea  arc  described,  with  their 
respective  coasts,  harbours,  sounds,  Oats,  rocks,  shelves,  sands, 
fee. ; alio  the  points  of  the  compass,  and  the  latitudes  and 
longitudes  of  the  places. 

Selonographtc  Charts,  are  particular  descriptions  of  the 
Appearances,  spots,  and  maculae  of  the  moon. 

Topographic  Charts,  arc  draughts  of  some  small  parts  only 
of  tbe  earth,  or  of  some  particular  place,  without  regard  to  its 
relative  situation,  as  London,  York,  fee. 


CHEMISTRY,  investigates  the  effects  of  tbe  action  of  bodies 
upon  each  other,  w ith  tbe  view  of  determining  their  constituent 
principles,  aud  forming  new  compounds.  The  extensive  utility 
of  this  science  is  shewn  by  its  immediate  connexion  with  the 
arts,  subservient  to  tbe  subsistence  or  tbc  comforts  of  man. 
Dyeing,  bleaching,  tanning,  glass-making,  the  working  of 
metals,  &c.  arc  chemical  operations.  In  agriculture  its  use  is 
very  important,  because  it  explains  the  phenomena  of  the 
growth  and  nourishment  of  vegetables,  aud  the  nature  and 
action  of  manures,  &c.  The  culinary  arts,  the  arts  of  baking, 
brewing,  distilling,  &c.  owe  their  improvement  to  chemistry. 
In  medicine,  it  alTords  invaluable  assistance,  by  giving  the 
medical  man  a knowledge  of  tbe  various  substances  used  as 
medicines.  In  short,  there  is  scarcely  auy  art,  trade,  or  manu- 
facture that  does  not  depend,  cither  immediately  or  remotely, 
upon  a knowledge  of  this  science.  Besides,  it  enlarges  the 
mind,  by  affording  us  a more  extensive  and  intimate  knowledge 
of  nature,  and  procures  for  us  some  of  tbe  most  sublime  plea- 
sures and  rational  enjoyments.  Before  we  proceed  to  tbo 
theory,  we  shall  describe  the  principal  processes  employed  in 
chemical  experiments:  these  are — 

1.  Trituration.  ‘2.  Sifting.  3.  Washing.  4.  Filtration.  5.  De- 
cantation. 6.  Lixiviation.  7.  Evaporation.  8.  Distillation,  it. 
Sublimation.  10.  Crystallisation.  11.  Solution.  12.  Precipita- 
tion. 13.  Fusion.  14.  Cupellalion.  15.  Digestion.  10.  Satura- 
tion. 17.  Combustion.  Id.  Deflagration.  10.  Detonation.  20. 
Operations  in  tbe  dry  way.  21.  And  in  the  humid  way. 

M echanical Operation!  for  the  Division  of  Bodies. — Trituration, 
Pulverisation,  and  Levigation,  (or  the  reduction  of  solids  into 
powders  of  different  degrees  of  fineness,)  arc  necessary  and 
preliminary  operations,  previous  to  tbe  solids  being  chemically 
acted  upon.  Brittle  substances  are  reduced  to  powder  by 
means  of  hammers,  pestles  and  mortars,  and  stones  and  mul- 
lers.  Tbc  annexed  cut  represents  a pestle  and 
mortar.  Fibrous  substances,  as  wood,  the  horns 
of  animals,  elastic  gum,  and  metals,  which  flatten 
under  the  hammer,  cannot  he  reduced  to  powder 
by  the  foregoing  methods;  for  these,  files,  rasps, 
knives,  and  graters,  arc  used. 

Sifting.  The  separation  of  the  finer  parts  of  bodies  from  the 
coarser,  which  may  want  farther  pulverization,  is  performed  by 
sifting  or  washing.  A sieve  consists  of  a cylindrical  band  of 
thin  wood,  or  metal,  having  silk,  leather,  hair,  or  wire,  plaited 
or  woven,  and  stretched  across  it.  Sieves  are  of  different 
degrees  of  fineness. 

Washing,  is  employed  for  procuring  powders  of  an  uniform 
fineness,  more  accurately  than  by  the  sieve ; but  it  can  only  bn 
used  for  substances  that  are  not  acted  upon  by  the  fluid  w hich 
is  used  in  the  washing. 

Filtration,  is  a finer  species  of  sifting,  through  the  pores  of 
paper,  flannel,  fine  linen,  sand,  pounded  glass,  porous  stones, 
and  the  like.  It  is  used  for  separating  fluids  from  solids,  or 
gross  particles  that  may  happen  to  be  suspended  in  them,  and 
not  chemically  combined  with  the  fluids.  Thus,  salt  water 
cannot  be  deprived  of  its  salt  by  filtration;  but  muddy  water 
w ill  deposit  its  mud. 

Decantation,  separates  solid  particles  which  are  diffused 
through  liquors.  These  are  allowed  to  settle  to  the  bottom, 
and  the  clear  fluid  is  gently  poured  off.  If  the  sediment  bo 
extremely  light,  and  apt  to  mix  again  with  the  fluid  by  tbo 
slightest  motion,  a syphon  is  used  for  drawing  off  the  clear  fluid. 

Lixiviation,  is  the  separation  by  water,  or  some  other  fluid,  of 
such  substances  as  arc  soluble  in  that  fluid,  from  oilier  sub- 
stances that  are  not  soluble  in  it.  If  a mineral  consisting  of 
salt  and  sand,  or  salt  and  clay,  &c.  be  broken  to  powder  and 
throw  niuto  water,  the  salt  will  be  dissolved  and  kept  suspended, 
w hilst  the  earthy  matter  will  fall  to  the  bottom  of  tbe  vessel, 
and,  by  means  of  filtration,  may  be  separated  from  the  fluid. 

Evaporation,  separates  a fluid  from  a solid,  or  a more  volatile 
fluid  from  another  less  volatile.  Evaporation  is  used  when  tbe 
more  volatile  or  fluid  substance  is  not  to  be  preserved,  and 
various  degrees  of  heat  are  employed  for  this  purpose,  accord- 
ing to  the  nature  of  the  substances.  Evaporation  is  performed 
• in  vessels  of  wood,  glass,  metal,  porcelain,  &.c.  of  a flat  shape, 
to  expose  the  liquids  as  extensively  as  possible  to  the  action  of 
1 heat : evaporating  vessels  may  be  placed  cither  over  the  naked 
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fire,  or  in  a vessel  filled  with  sand,  called  a sand-bath;  or  they 
may  be  left  in  a warm  room. 

Distillation.  When  the  fluid  which  is  evaporated  must  he 
preserved,  the  operation  is  called  distillation,  which  i*  nothing 
more  than  evaporation  in  plosc  vc-sclr,  to  separate  two  fluids 
of  different  decrees  of  ~r*_  i r, 

volatility,  and  preserve 
the  most  volatile,  or  * 4 

both  of  them.  The 
substance  to  he  sub- 
jected to  distillation  is 
put  into  gome  vessel  1},  411 

that  will  resist  the  ^.^ullar  Hwl,'| 

action  of  heat,  called  a Nii, 

retort.  See  the  annexed  figure,  of  which  A is  the  retort,  and 
11a  vessel  for  receiving  the  product  of  distillation;  the  latter 
is  called  the  receiver,  a is  called  the  turbulure,  bavins  a class 
Stopper,  by  which  the  substance  intended  for  distillation  is 
poured  into  the  retort ; 6 is  the  neck  of  the  receiver,  into  which 
the  heak  of  the  retort  enters.  Alembics  and  stills  having  beaks 
in  the  same  way,  arc  used  for  sublimation  and  distillation. 
The  vessel  that  contains  the  liquor  to  be  distilled  is  placed  upon 
the  fire,  or  in  a 
sand  bath,  or  over 
a lamp;  the  heat 
causes  the  volatile 
fluid  to  rise  in  the 
form  of  vapour  and 
pass  into  the  re- 
ceiver, where  it  is 
again  condensed 
by  cold.  This  con- 
densation may  be 
assisted  by  making 
the  vapour  pass 
through  a tube 
which  is  immersed 
to  a vessel  contain- 
ing cold  water,  and 

called  the  refrigeratory.  The  above  represents  a still  in  action  ; 
A is  the  end  of  the  tube  from  whence  the  distilled  fluid  escapes. 

Sublimation,  When  the  materials 
which  are  evaporated  concrete  in  a solid 
form  within  the  neck  of  the  distilling 
vessels,  the  operation  is  called  sublima- 
tion, and  is  performed  in  an  alembic, 
which  the  annexed  figure  represents. 

A is  the  cucurbit  or  boiler ; U is  the  head 
or  capita] ; C is  a glass  tube  through 
which  the  sublimed  substances  pass  into 
D,  the  receiver.  The  following  beautiful 
experiment,  illustrated  by  an  engraving, 
will  amply  explain  the  operation  of  sub- 
limation. Procure  a bell-glass,  n sprig 
of  rosemary,  a flat  oircular  piece  of  iron 
or  copper,  and  two  drachms  of  Benzoic 
acid.  Heat  the  iron  nearly  to  redness, 
sprinkle  the  acid  on  It,  and  invert  tho 
bell-glass,  with  the  rosemary  sprig  in  it, 
over  the  whole.  The  acid  will  arise  or 
bo  sublimed  in  dense  fumes,  and  will  bo 
precipitated  nr  settled  on  the  cool 
branches  of  the  rosemary,  in  the  form  of 
a beautiful  boat  frost. 

Crystallisation.  When  a salt  is  dis- 
solved in  water,  or  other  fluid,  and  by 
evaporation  the  fluid  is  driven  off,  (bo 
salt  gradually  acquires  a solid  form,  and 
in  doing  this,  it  arranges  its  particles  in 
a particular  manner  ; and  they  aro  then 
said  to  be  crystallized.  Some  salts 
anangc  themselves  in  the  forms  of  pyra- 
mids, some  of  prisms  of  different  kinds, 

See.  Vessels  of  earthenware  or  glass  aro  employed  for  such 
crystallizations ; and  they  must  be  kept  perfectly  still,  and 
well  defended  from  dust  or  accidents. 
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Solution.  When  a salt  is  mixed  with  water,  it  loses 
its  state  of  solidity,  the  particles  of  salt  are  divided.  and 
unit©  themselves  to  those  ot'  the  wafer,  funning  a liquid  of 
which  all  llto  parts  are  homogeneous,  or  of  the  same  kind. 
In  this  process  neither  the  salt  nor  the  water  is  decomposer!, 
and  the  salt  may  he  reoovered  again  in  its  original  *!atr>an«l 
quantity,  by  driving  oil  the  water  by  evaporation.  Thr  same 
takes  place  when  resin  is  mixed  with  spirits  of  wine.  The 
solution  of  metals  by  aeids,  is,  however,  of  a different  nature; 
here  one  of  the  substances  is  altered,  and  different  products 
are  obtained.  Vessels  of  glass  tire  used  for  solution.  The 
liquid  used  for  dissolvin  ' a metal,  or  other  solid  substance,  is 
usually  called  a solvent. 

Precipitation,  is  the  recovery  or  separation  of  a body  from 
its  solvent,  by  the  addition  of  a third  substance,  so  that  the 
former  may  re-npper.r  in  n solid  state.  The  snbstnnec  thus 
recovered,  is  called  a precipitate,  and  the  superadded  hotly 
that  occasions  this  precipitation,  is  called  a precipitant. 

Fusion*  Thr  melting  or  causing  any  body  to  pass  from  the 
solid  to  the  liquid  slate,  by  the  uetion  of  fire,  is  called  fusion. 

The  fusion  of  metallic  substances  re- 
quires vessels  which  will  resist  de- 
struction by  fire.  Those  vessels  csdhd 
crucibles  arc  mostly,  if  not  always, 
made  of  earthenware,  or  porcelain,  or 
a mixture  ol‘ clay  and  powder  of  black- 
lead.  .Some of  these  arc  luirrcl-hhaprd. 
A **  as  A ; others  arc  indented  at  the  side, 

to  allow  their  contents  to  he  poured  out.  as  B,  and  others  have 
lidti  fitted  to  them,  to  prevent  the  sublimation  or  dispersion  of 
volatile  substances,  such  as  arsenic,  &c.  as  C. 

Furnaces  For  fusion,  we  find  it  necessary  to  employ  fur- 
naces, or  the  blow-pipe.  The  various  degrees  of  heat  required 
for  the  performance  of  chemical  operations,  render  a variety  of 
fireplaces  or  furnaces  necessary  for  n chemist.  Furnaces  are 
cither  open  at  top,  or  covered  with  what  is  called  a dome,  and 
have  a chimney  or  tube  to  carry  off  the  heated  air,  smoke,  Ac. 
They  arc  sometimes  supplied  with  air  from  the  natural  action 
of  the  fire,  which  rarefies  the  air  about  the  ignited  fuel;  and 
which  becoming  specifically  lighter,  ascends  into  the  chimney, 
whilst  the  colder  or  heavier  air  is  forced  liy  the  atmosphere  to 
enter  at  the  lower  part  of  the  furnace.  Sonic  furnaces  ate 
supplied  with  air  by  means  of  bellows,  and  those  are 'applied 
to  the  forging  of  iron,  or  foi  reducing  metals  from  their  ores  ; 

this  is  called  smelting.  Hence  furnaces 
derive  their  various  names,  and  aro 
called  simple  or  open  furnaces,  rtrerbe- 
ratory  furnaces.  Me  furnace  for  distilling 
bff  it  titHrl  beat,  the  cupelling  or  enamelling 
furnace,  and  the  wind  or  air  furnace, 
which  the  engraving  represents ; a being 
the  ash-pit,  r the  fire  containing  a cru- 
cible, d is  n moveable  cover,  to  be  taken 
off  or  put  on  at  pleasure.  There  aro 
also  blast  furnaces,  forges,  smelting  fir- 
nates,  Ac. 

X For  common  purposes,  portable  fur- 
nnccs  are  used.  They  arc  extremely 
useful  for  a variety  of  purposes  in  the 
'I-,  small  way;  as  in  distillation,  fusion, 
sublimation,  cupcllatjon,  Ac.  Ac.  In 
the  engraving  of  one  of  those  furnaces* 
B is  the  fireplace,  C the  ash-pit,  and  I> 
the  chimney. 

Blow-pipes  arc  use  d for  diverting  tho 
flame  of  a 

/T 


candle 

In  III  |«  flj'VMIft 

any  bit  of 


ifl  n 

Jrr  .'v  ore  or  other  substance,  required  to  be 
examined.  They  ought  to  have  a bulb 
upon  the  middle  of  their  stems  (accord- 
ing to  the  figure;  to  contain  the  moisture 
that  is  formed  from  the  breath.  Tho 
compound  gas  blow-pipe, which  has  Lt-cn 
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a late  discovery,  is  perhaps  the  most  generally  useful  instru- 
ment a chemist  can  possess.  See  Blow  five. 

Cupellulion,  or  the  art  of  assaying  metnls  and  ores,  is  per- 
formed in  a shallow  crucible  made  of  burnt  bones.  The  impure 
metal  or  ore  is  put  into  the  cupel  (of  which  the  an- 
vexed  is  a figure)  with  some  ox  id  i sable  metal,  such 
as  lead.  The  cupel  is  now  put  into  a inuifle,  and  the  V ' ' g 
whole  is  submitted  to  the  heat  of  u furnace.  The 
flame  passes  over  the  cupel,  oxidating  the  lead,  which  combines 
with  the  base  part  of  the  metal  to  be  assayed.  and  leaves  the 
pure  metal  (such  as  gold  or  silver)  iu  the  shqpe  of  a button  at 
the  bottom. 

Digestion.  When  a solid  substance,  in  powder  or  other- 
wise, is  left  for  a certain  time  in  n fluid,  and  the  mixture  is 
kept  exposed  to  a slow  degree  of  heat,  the  process  is  called 
digestion. 

Saturation.  When  one  substance  which  has  an  affinity  to 
another,  is  mixed  with  ns  much  of  that  other  substance  as  its 
affinity  will  enable  it  to  hold  in  combination,  then  the  former 
substance  is  said  to  he  saturated,  or  the  mixture  to  have 
attained  the  point  of  salutation.  If  the  mixture  contain  a 
greater  proportion  of  either  substance,  it  is  said  to  contain  an 
excess,  or  to  he  surcharged.  The  same  thing  must  be  under- 
stood of  the  compounds  of  more  than  two  substances. 

Combustion,  is  when  a body  is  in  the  act  of  bin  ning  jn  any 
air  or  gas  capable  of  supporting  flame. 

Deflagration,  is  when  the  combustion  is  attended  with  explo- 
sions or  cracklings. 

Detonation,  is  a pretty  loud  report. 

Operations  in  the  J>ry,and  Humid  Way. — When  Strong  degrees 
of  heat  arc  used,  chemical  operations  are  said  to  be  performed 
in  the  dry  way.  The  humid  way  is  when  fluids  arc  used  in  the 
solution  of  bodies. 

All  the  various  parts  of  this  science  arc  found  under  their 
respective  titles  in  the  work,  as  StEKtVTS  of  Bodies,  Gases, 
Metals.  Ac. 

CHERT,  or  Chirk,  is  the  name  given  by  the  miners  to  a 
siliceous  .‘late,  which  is  massive,  not  disposed  to  pass  into  thin 
layers,  but  occurring  in  thick  beds.  Colour  bluish,  passing 
into  yellowish  gray.  Fracture  splintery;  edges  translucent; 
specific  gravity  U Blocks  of  it  arc  used  in  the  porcelain 

manufactories  in  the  midland  counties  for  grinding  flint-stones 
for  the  finer  porcelain,  and  the  purity  of  the  rock  augments  the 
product  of  fine  siliceous  earth  by  Its  own  attrition  during  the 
process.  There  is  another  sort  railed  by  the  miners  White 
Chert,  which  seems  to  be  a transition  of  siliceous  slate  into 
quartz.  It  is  not  only  used  for  grinding  flints,  but  also  as 
common  millstone.  A variety  of  chert  has  been  found  to 
answer  as  well  as  the  best  buhr  stones  of  France  in  flutir-tnills, 
and  is  manufactured  for  that  purpose.  They  may  be  had  from 
60  lb.  to  several  hundred  weight  each. 

CHESS,  a game  performed  with  different  pieces  of  wood, 
on  a board  divided  into  squares  or  houses,  in  which  chance 
has  so  small  a share,  that  it  is  a matter  of  doubt  whether  a 
person  ever  lost  but  by  his  own  fault.  Each  player  has  eight 
dignified  pieces;  namely,  a king,  a queen,  two  bishops,  two 
knights,  and  two  rooks,  also  eight  paw  ns,  all  of  which  are  of 
two  different  colours,  or  white  and  black.  See  Automaton 
Chess  Player. 

CHESNUT  Trek.  Next  to  the  oak.  the  Spanish  chesnut 
timber  is  most  coveted  by  carpenters  and  joiners.  It  likewise 
makes  the  best  stakes,  pallisadoes,  vine-props,  hop-poles,  fitc. 
and  is  also  proper  for  mill-timber  and  waterworks.  It  is  like- 
wise fit  for  chests,  tables,  bedsteads,  columns.  Ac.  It  was 
anciently  very  much  used  in  the  building  of  churches  in  this 
island,  and  must  have  been  abundant,  though  now  rare.  The 
horse  chcsnut-trce  is  a very  perishable  wood*  • 

CHILIAD,  an  assemblage  of  several  things  ranged  hy 
thousands.  The  term  was  particularly  applied  to  tables  of 
logarithms,  which  were  at  first  divided  into  thousands. 

CHILI.-EDRON,  a solid  figure  of  1000  faces. 

CIIILI AGON,  in  Geometry,  a regular  plane  figure  of  1000 
sides  and  angles. 

CHIMES}  or  a Clock,  a kind  of  periodical  music  produced 
at  equal  intervals  of  time,  by  means  of  a particular  apparatus 
added  to  the  clock. 


CHIMNEY.  The  rules  for  building  chimneys  are  : I.  That 
no  timber  be  laid  wilhin  twelve  inches  of  the  forcside  of  the 
chimney  jambs.  2.  That  all  the  joists  on  the  back  be  laid  with 
a trimmer.  3.  That  no  timber  be  laid  within  the  funnel  of  aay 
chimney. 

CHIVALRY,  in  Antiquity,  an  institution  which,  according  to 
some  writers,  took  its  rise  from  the  crusades  ; but,  according 
to  others,  it  gave  occasion  to  that  enterprise;  and  which,  thoagh 
founded  in  caprice,  and  productive  of  extravagance,  had  a 
very  considerable  influence  in  refining  the  manners  of  the 
European  nations,  during  the  twelfth,  thirteenth,  fourteenth, 
and  fifteenth  century.  Chivalry  was  employed  in  rescuing 
humble  ami  faithful  vassals  from  the  oppression  of  petty  lords  ; 
tlicir  women  from  savage  lust;  and  the  hoary  heads  of  hermits 
(a  species  of  Eastern  monks,  much  reverenced  in  the  Holy 
Land,)  from  rapine  and  outrage.  In  the  mean  time,  the  courts 
of  the  feudal  sovereigns  became  magnificent  and  polite  ; and, 
as  the  military  constitution  still  subsisted,  military  merit  was 
to  be  upheld;  but  destitute  of  its  former  objects,  it  naturally 
softened  into  fictitious  images  and  courtly  exercises  of  war,  in 
“ jusls”  and  **  tournaments  where  the  honour  of  the  ladies 
supplied  the  place  of  scat  for  the  holy  sepulchre  : and  thus  the 
courtesy  of  elegant  love,  but  of  a wild  and  fanatic  species,  as 
being  ingrafted  on  spiritual  enthusiasm,  came  to  mix  itself  with 
the  other  characters  of  the  knights-errant,  adding  gentleness  to 
valour.— 'This  singular  institution,  in  which  v alour,  gallantry, and 
religion,  were  so  strangely  blended,  was  wonderfully  adapted 
to  ihe  taste  and  genius  of  martial  nobles  ; and  its  effects  w ere 
soon  visible  in  their  manners.  War  w as  carried  on  with  less 
ferocity,  when  humanity  came  to  be  deemed  the  ornament  of 
knighthood  no  less  than  courage.  More  gentle  and  polished 
mariners  were  introduced,  when  courtesy  was  recommended  as 
the  most  amiable  of  knightly  virtues.  Violence  and  oppres- 
sion decreased,  when  it  was  reckoned  meritorious  to  check 
aud  to  punish  them.  A scrupulous  adherence  to  truth,  with 
the  most  religious  attention  to  fulfil  every  obligation,  were  it* 
characteristics. 

CHLORATES,  combinations  of  the  chloric  acid  with  oxides, 
alkalies,  Ac. 

CHLORIC  Acin,  is  a combination  of  chlorine  and  oxygen, 
in  greater  abundance  than  iu  the  oxide  called  encblorine.  By 
its  combination  with  other  substances,  it  forms  the  salts  called 
chlorates,  formerly  denominated  oxy  muriates. 

CHLORIDES,  compounds  of  chlorine  with  various  other 
suhstances. 

CHLORINE,  formerly  supposed  to  be  a compoand  of 
oxygen  nml  the  muriatic  acid,  was  called  by  the  French  oxy- 
muriatlo  acid  gas,  but  Sir  H.  Davy  having  found  it  resisted  the 
most  powerful  means  used  to  decompose  it,  considered  it  a 
simple  substance,  and  this  is  now  the  received  opinion. 

Mix  in  a mortar  three  parts  of  common  sail,  and  one  of 
black  oxide  of  manganese.  Introduce  them  into  a glass  retort, 
and  add  two  parts  of  sulphuric  acid.  Gus  will  issue,  which 
must  be  collected  in  the  water-pneumatic  trough.  This  gas  is 
of  a greenish  yellow  colour,  easily  recognized  by  daylight, 
but  scarcely  distinguishable  by  artificial  light.  .Its  odour  and 
taste  are  disagreeable,  strong,  and  so  characteristic,  that  it  is 
impossible  to  mistake  it  for  any  other  gas.  Its  specific  gravity 
is  '2*4733.  In  its  perfectly  dry  state,  it  has  no  effect  on  dry 
vegetable  colours.  With  the  aid  of  a little  moisture,  it  bleaches 
them  into  a yellowish  white.  Schcclo  first  remarked  this  pro- 
perty; Bcrthollct  applied  it  to  the  art  of  bleaching  in  France, 
and  from  him  Mr.  Watt  introduced  it  into  Great  Britain.  If  a 
lighted  wax  taper  be  immersed  rapidly  into  this  gas,  it  con- 
sumes very  fast,  with  a dull  reddish  flame,  and  much  smoke. 
The  taper  will  not  burn  at  the  surface  of  the  gas.  Its  taste  is 
somewhat  astringent,  but  not  in  the  least  degree  acidulous. 
When  we  put  in  a perfectly  dark  place,  at  the  ordinary  tempe- 
rature. a mixture  of  chlorine  and  hydrogen,  it  experiences  no 
kind  of  alteration,  even  in  a great  many  days.  But  if,  at  the 
same  low  temperature,  we  expose  the  mixture  to  the  diffuse 
light  of  day,  by  degrees  the  two  gases  enter  into  chemical  com 
bination,  and  form  muriatic  acid  gas. 

Chlorine  and  Hydrogen,  by  their  union  form  the  muriatic 
acid,  called  also  the  hydrochloric  acid.  Some  substances, 
when  plunged  into  chlorine  iu  an  ignited  state,  arc  speedily 
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extinguished,  while  other*,  and  those  the  least  combustible  of  j 
nil  substances,  undergo  spontaneous  combustion.  Several  of 
the  metals,  and  gold  itself  when  plunged  into  it,  burst  into 
aotual  (lame,  and  burn  with  great  brilliancy. 

CHLORITES,  a kind  of  green  jasper,  almost  as  pellucid  as 
the  coarser  emeralds.  It  is  sometimes  amorphous,  and  some- 
times crystallized.  There  are  four  species,  m.  the  earthy 
chlorite,  common  chlorite,  the  foliated,  and  schistose  chlorite. 

CHOCOLATE,  a sort  of  cake  made  chiefly  from  the  cocoa- 
nut.  When  the  cocoa  is  properly  roasted  and  cleansed,  it  is 
pounded  in  a mortar,  and  afterwards  ground  on  a stone.  It 
is  then  put  hot  into  tin  moulds,  in  which  it  soon  congeals.  The 
Spaniards  mix  with  the  cocoa-nuts,  cloves,  cinnamon,  and  other 
ingredients  ; but  in  England,  the  chocolate  is  made  of  simple 
cocoa,  with  a little  sugar  and  vanilla. 

CHOLERA  MORBUS,  a sudden  effusion  or  overflowing  of 
the  bile  on  the  stomach  or  intestines  ; and  its  symptoms  are, 
violent  retching,  and  in  some  cases,  purging. 

CHOLOSTERIC  Acid,  is  obtained  from  cholostcrinc  by 
beating  it  with  strong  nitric  acid. 

CHOLOSTERINE.  the  name  given  to  the  pearly  substance 
of  human  biliary  calculi. 

CHORD,  in  Geometry,  is  the  right  line  joining  the  extremi- 
ties of  any  arc  of  a circle  ; such  arc  the 
lines  A B,  D C. — 1.  A line  drawn  from 
the  centre  to  bisect  a chord,  is  perpen- 
dicular to  the  chord  ; or  if  it  be  perpen- 
dicular to  the  chord,  it  bisects  both  the 
chord  and  the  arc  of  the  chord,  as  O E, 

O E.  2.  Chords  w hicb  are  equally  distant 
from  the  centre  of  a circle,  are  equal  to 
each  other ; or  if  they  are  equal  to  each 
other,  they  are  equally  distant  from  the  centre.  3.  The  chord 
of  an  arc  is  a mean  proportional  between  the  diameter  and 
versed  sine  of  that  arc. 

Lint  of  Chokds.  See  Plane  Scale  and  Sector. 

Chord,  or  Cord,  in  Music,  denotes  the  string  or  line,  from 
the  vibration  of  which  the  sensation  of  sound  is  excited  ; and 
by  whose  divisions  the  several  degrees  of  time  are  deter- 
mined. 

CFIOROGRAPHY,  the  act  of  making  a map  of  a particular 
country  or  province. 

CHORUS,  in  Music,  is  when,  at  errtain  period*  of  a song, 
the  whole  company  are  to  join  the  singer  in  repeating  certain 
couplets  or  verses. 

CHROMATICS,  that  part  of  the  science  of  optics  by  which 
the  properties  of  the  colours  of  light,  and  of  natural  bodies,  arc 
illustrated  and  explained. 

CHROMIC  Acid  has  been  obtained  from  red  oxide  of  lead, 
ore  of  Siberia,  and  from  an  arc  of  iron  from  the  department  of 
Var  in  France.  It  has  the  property  of  colouring  its  salts,  and 
hence  it  has  been  called  chromic.  If  two  parts  of  the  red  lead 
ore  of  Siberia,  in  fine  powder,  be  boiled  with  one  of  an  alkali 
saturated  with  carbonic  add.  in  forty  parts  of  water,  a carbo- 
nate of  lead  will  be  precipitated,  and  the  chromate  remain 
dissolved.  The  solutions  are  of  a lemon  colour,  and  afford 
crystals  of  a somewhat  deeper  hue.  Those  of  chromate  of 
ammonia  are  in  yellow  laminae,  having  the  metallic  lustre  of 
gold.  The  chromate  of  barytes  is  very  little  soluble,  and  that 
o£  lime  still  less.  They  are  both  of  a pale  yellow,  and  when 
heated  give  out  oxygen  gas,  as  do  the  alkaline  chromates. 

CHROMIUM,  a very  rare  metal,  found  either  iu  the  form  of 
chromate  of  lead,  or  of  chromate  of  iron.  The  emerald  of 
Peru,  and  spinel  rnby,  owe  their  colours  to  this  metal.  Chro- 
mium is  obtained  from  its  native  combinations  by  decomposing 
them  by  the  alkaline  carbonates,  precipitating  the  chromic 
acid,  and  heating  it  strongly  in  a crucible.  Chromium  is  a 
porous  mass  of  agglutinate  grains,  brittle,  of  a white  between 
tin  and  steel.  Specific  gravity  6'0.  It  is  susceptible  of  a small 
degree  of  magnetism.  It  resists  all  the  acids,  except  the  nitro- 
muriatic. 

CHRONOLOGY,  is  that  science  which  treats  of  time,  and 
shews  its  different  measures  or  computations,  as  they  have 
been  observed  by  different  nations.  By  chronology  we  arc 
enabled  truly  to  date  the  beginning  and  end  of  the  reigns 
of  princes,  the  births  and  deaths  of  eminent  persons,  the  revo- 
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lutions  of  empires  and  kingdoms,  battles,  sieges,  or  any  other 
remarkable  events.  Without  this  useful  science,  that  is  to  say, 
without  distinguishing  the  times  of  events  as  clearly  as  the 
nature  ot  the  case  will  admit,  history  would  be  little  belter 
than  a heap  of  confusion,  destitute  of  light,  order,  or  beauty. 
See  Time.  Year,  jUbas,  &c. 

CHRONOMETER, in  general, means  an  instrument  used  in 
measuring  time,  as  dials,  docks,  watches,  fee.  The  term, 
however,  is  commonly  used  for  a machine  so  contrived  as  to 
measure  a small  portion  of  time  with  great  exactness,  even  to 
the  sixteenth  part  of  a second,  and  which  is  of  great  nse  in 
astronomical  observations,  ascertaining  the  time  of  the  fall  of 
bodies,  the  velocity  of  running  waters,  kc.  The  lamp  chrono- 
meter consists  of  a chamber  lump,  or  a cylindrical  vessel  about 
three  inches  high,  and  one  inch  diameter.  To  the  stand  is  fixed 
a handle,  which  supports  a frame,  covered  with  oiled  paper, 
about  12  inches  high,  and  4 wide.  This  frame  is  divided  into 
12  equal  parts  by  horizontal  lines,  at  the  ends  of  which  are 
marked  the  hours,  and  between  the  lines  arc  diagonals  divided 
into  halves,  quarters,  Sec.  On  the  handle,  and  next  to  the  glass, 
is  fixed  a stile,  and  as  the  distance  of  this  stile  from  the  flame 
of  the  lamp  is  only  half  an  inch,  if  the  distance  of  the  frame 
from  the  stile  he  « inches,  then  while  the  float  containing  the 
light  descends  by  the  decrease  of  the  oil,  one  inch,  the  shadow 
of  the  stile  on  the  frame  will  ascend  12  inches,  and  thus  shew, 
by  its  progression,  the  increase  of  the  hours  with  the  several 
divisions.  The  oil  must  be  very  pure,  and  the  wick  o C the  same 
size  and  snbstancc. 

CHRYSALIS,  or  Ai'rrlm,  in  Nntural  History,  denotes  the 
state  of  seeming  insensibility,  in  which  butterflies,  moths,  and 
some  other  insects,  pass  through  before  they  arrive  at  their 
winged  or  perfect  state.  The  ligure*of  the  chrysalis  is  gene- 
rally conical;  and  the  creature,  when  in  this  state,  seems  to 
have  neither  legs,  wings,  nor  motion.  It  is  almost  destitute  of 
life,  for  it  takes  no  nourishment,  nor  has  it  apparently  any 
organs  for  the  purpose.  The  external  covering  of  the  chrysalis 
is  membraneous,  smooth,  and  glossy,  but  some  of  them  have 
hairs  ; and  others  are  rough  all  over  like  shagreen.  They  aie 
divided  generally  ihto  two  classes,  the  round  and  the  angular, 
and  of  these  again  there  are  several  subordinate  distinctions. 
Some  of  tli c in  are  very  beautiful.  The  time  of  the  animal  in 
the  chrysalis  state  varies  in  different  species,  some  being  no 
more  than  eight  days,  while  others  are  as  many  months. 

CHRYSOLITE,  in  Natural  History,  a gem  to  which  the 
ancients  gave  the  name  of  topaz  ; their  true  chrysolite  being 
that  which  modern  jewellers  call  tdpaz.  The  chrysolite  is 
found  in  angular  fragments  and  crystallized.  It  is  of  a green 
colour,  and  there  are  two  varieties,  1.  the  common  chrysolite, 
found  in  Ceylon,  South  America,  and  Bohemia : its  colour  is  a 
cllowisb  green.  2.  Olivo  chrysolite,  is  found  commonly  in 
asalt,  and  is  of  an  olive-green  colour. 

CHRYSOPRASE,  a mineral  found  in  Germany,  and  which 
is  always  amorphous.  It  is  of  a green  colour,  and  splintery. — 
Also,  a variety  of  chalcedony  used  in  jewellery.  It  consists  of 
IX)  silica  in  the  100. 

CHRYSOPRASUS,  in  Christian  Antiquity,  tho  tenth  of 
those  precious  stones  which  adorned  the  foundation  of  the  hea- 
venly Jerusalem:  the  colour  of  it  was  green,  inclining  to  that 
of  gold,  as  its  name  imports.  Sec  Revelation,  chap,  xxi.20. 

CHURCHWARDENS,  the  guardians  or  keepers  of  tho 
church,  arc  persons  annually  chosen  in  Easter  week,  by  the 
joint  consent  of  the  minister  and  parishioners — or  according  to 
the  custom  of  the  respective  places — to  look  after  the  church 
and  churchyard,  and  things  thereunto  belonging.  They  are 
intrusted  with  tho  care  and  management  of  tho  goods  .and 
crsonal  property  of  the  church,  which  they  are  to  order  for  the 
esl  advantage  of  the  parishioners  ; but  they  have  no  interest 
in,  or  power  over,  the  freehold  of  the  church  itself,  or  of  any 
land  or  other  real  property  belonging  to  it : these  are  the  pro- 
perty of  the  parson  or  vicar,  who  alone  is  interested  in  their 
loss  or  preservation.  The  churchwardens,  therefore,  may  pur- 
chase goods  and  other  articles  for  t!*e  use  of  the  parish  ; they 
may,  likewise,  with  the  assent  of  tho  parishioners,  sell  or  other- 
wise dispose  of  the  goods  of  the  churvh;  but  without  such  con- 
sent, they  are  not  authorised  to  alienate  any  of  the  property 
under  their  cafe. 
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All  peers  of  Ihe  realm,  clergymen,  counsellors,  attorneys, 
clerks  in  court,  physicians,  surgeons,  aud  apothecaries,  are 
exempt  from  serving  the  office  of  churchwarden,  as  is  every 
licensed  dissenting  teacher. 

CHURN,  an  implement  for  agitating  cream  or  milk,  so  as 
to  separate  the  hutyrons  particles  from  the  serous,  and  to 
effect  the  production  of  butter. 

The  inferiority  .of  the  churns  in  common  use  has  induced 
several  ingenious  mechanics  to  exert  their  skill  in  contriving 
others  that  would  render  the  process  of  making  butter  less 
tedious  and  expensive.  Of  these,  one  of  the  most  valuable  is 
Boulcr's  improved  churn,  with  which  the  Society  for  the 
Encouragement  of  Arts,  &c.  were  so  will  saiislied  as  to 
present  the  inventor  with  thirty  guineas.  Tikis  churn  renders 
the  operation  of  making  butler  far  less  fatiguing  ; and  it  has. 
besides,  some  peculiar  advantages,  which  will  appear  in  our 
description. 

This  churn  is  of  the  barrel  kind,  being  a cylinder  18  inches 
in  diameter,  and  U wide  ; the  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  oprniugs,  one  8J  inches  in  length,  nnd 
4 in  width,  through  which  the  cream  is  pound  into  the  churn, 
and  the  hand  introduced  for  cleaning  it ; the  other  a short 
pipe,  one  inch  in  diameter,  lay  which  the  buttermilk  runs  out  of 
the  churn  when  the  operation  is  finished.  The  first  of  these 
openings  has  a wooden  cover,  fnslcncd  down  by  two  screws ; l 
and  the  other  a cork  fitted  to  it,  while  the  butter  is  churning. 
There  is. further,  near  the  larger  opening,  a small  vent-hole 
with  a peg.  to  admit  the  passage  of  any  nir  that  may  he  dis- 
charged  from  the  cream  at  the  beginning  of  the  operation.  An 
axle  also  through  the  churn,  terminating  in  two  gudgeons,  on 
which  it  passes,  hangs;  its  lower  part  being  immersed  in  a 
trough,  in  order  to  bold  occasionally  either  hot  or  cold  water, 
according  to  ihc  season  of  the  year.  On  the  inside  of  the  rim 
arc  four  projecting  pieces  of  wood,  with  holes,  serving  to  1 
agitate  the  cream  by  the  motion  of  the  churn.  The  movement 
is  caused  by  a pendulum  3 feet  6 inches  long,  that  has  an  iron 
hob  weighing  Ui  lbs.  and  at  its  upper  end  a turning  pulley 
IU  inches  in  diameter,  from  which  a rope  goes  twice  round 
another  pulley  about  3 inches  in  diameter,  fixed  on  the  axis  of 
the  churn,  which  it  causes  to  make  a partial  revolution  by  each 
vibration  of  the  pendulum. 


There  are  likewise  sliding  covers  to  the  machinery,  and 
another  to  the  water  trough  ; in  order,  when  hot  water  is  used, 
to  .secure  the  steam,  and  keep  the  cream  in  a proper  degree  of 
warmth.  The  motion  of  the  pendulum  is  given,  nnd  continued, 
by  means  of  a wooden  rod  about  3 feet  0 inches  in  length,  which 
turns  on  a pin  3 inches  above  the  hob  of  the  pendulum.  If 
there  be  a transverse  handle  at  the  upper  end  of  this  wooden 
rod,  a boy  may  give  motion  to  the  churn  with 'great  facility. 


even  while  sitting;  the  action  being  then  much  like  that  of 
rowing,  one  of  the  most  advantageous  methods  of  applying 
human  force.  * 

In  the  figure.  A A is  the  body.  B,  an  opening  by  which 
the  cream  is  put  in.  C,  the  cover  of  the  large  opening:  the 
small  hole  on  the  opposite  side  of  the  churn  cannot  he  shewn 
in  this  view.  1),  the  gudgeon  on  which  the  body  of  the  chnrn 
hangs.  K,  the  upper  or  larger  pulley.  F,  the  smaller  pulley 
fixed  on  the  axis  or  gudgeon  of  the  churn.  G G,  the  rod  of  the 
pendulum  hanging  from  the  upper  pulley  E.  H,  the  boh  of 
the  pendulum.  I I.  the  handle,  moveable  on  a pin  at  a , by 
which  the  pendulum  is  movrd  to  and  fro,  makihg  a traverse  in 
form  of  the  doited  line  K K.  L.  the  trough  for  the  hot  or  cold 
water,  M,  a projecting  piece  of  wood,  with  a shoulder,  by 
which  the  handle -I  is  supported  when  the  churn  is  not  at  work. 

CIIYLE  nnd  Chyme.  See  Blood.  When  fuod  lias  been 
received  iuto  the  stomachs  of  nnimals,  by  the  action  of  the 
saliva  and  a juice  in  the  stomach  called  the  gastric  juice,  it  is 
converted  into  a milky  fluid  called  chyme.  This  fluid  after- 
wards passes  into  the  intestines,  where  it  unites  with  tho 
pancreatic  juice  and  bile,  and  is  there  separated  into  chyle,  or 
into  feculent  matter,  which  is  carried  on  nnd  discharged. 
Chy  le  is  taken  up  by  the  lacteal  absorbent  vessels,  and  finds 
its  way  into  the  blood,  which  is  circulated  over  the  whole 
system,  and  supplies  its  constant  waste. 

CIC  ATRIX,  in  Surgery,  a little  seam  or  elevation  of  callous 
flesh  rising  on  the  skin  after  the  healing  of  a wound  or  ulcer. 
It  iscommonlv  called  a scar. 

CICHORIUM,  Succory,  a genus  of  the  polygnmia  jrqualis 
order,  in  the  syngencsin  class  of  plants  ; belonging  to  the  40th 
natural  order,  romposiln*.  There  are  three  species,  1.  Cicho- 
rium  rndivia.  the  common  endive,  which  is  both  an  nnnnal  and 
biennial  plant,  and  esteemed  ns  a salad.  2.  Cichorium  intihos, 
or  wild  succory,  grows  naturally  by  the  side  of  roads,  and  in 
shady  lanes.  It  is  good  in  scorbutic  complaints.  3.  Ciclio- 
rium  spinosiim,  with  a prickly  stalk,  grows  in  Sicily,  and  the 
islands  of  tbc  Archipelago. 

CIDER,  a drink  made  of  the  juice  of  apples.  In  this  pro- 
cess the  Devonshire  method  is  preferred,  which  is.  to  gather 
all  the  apples  that  have  dropped  from  the  trees,  from  time  to 
time,  into  a heap,  where  they  arc  suffered  to  lie  about  ten 
days ; secondly,  such  as  are  to  he  gathered  from  the  trees, 
having  acquired  some  degree  of  maturity,  are  laid  in  a heap 
l-v  themselves  for  about  a fortnight ; and  lastly,  the  hard  fruit 
which  are  to  he  left  on  the  trees  till  frost  is  apprehended,  are 
laid  in  separate  heaps  for  a month  or  six  weeks.  These  heaps 
arc  to  he  made  in  an  open  part  of  the  orchard,  without  any 
regard  to  the  weather.  After  having  lain  the  proper  time,  tho 
apples  arc  ground  in  a mill  resembling  that  for  grinding  hark, 
and  the  pumice  received  in  a large  open  vessel,  capable  of 
containing  as  much  as  is  sufficient  for  one  making,  or  chccso 
as  it  is  termed.  This  pumice  should  remain  no  longer  in  the 
vat  than  till  there  is  enough  broken  for  one  pressing.  The 
stooming  or  stumming  of  cider  is  done  by  horning  a match  in  a 
clean  hogshead,  moist  from  recent  rinsing,  and  racking  tho 
cider  on  the  fret  into  it.  If  murhon  the  fret,  when  the  cider  is 
half  racked  into  the  scented  cask,  burn  another  match  in  each 
cask,  rolling  the  same  well  about  for  a couple  of  hoars.  Slum 
is  the  rich  must  of  good  cider,  blended  with  tho  vapour  of  the 
burning  match,  which  prevents  its  fermenting;  and  when  dis- 
posed to  fret,  must  he  racked  into  another  cask,  well  matched. 
Siam  is  used  to  mend  declining  cider,  to  make  it  ferment 
afresh,  and  give  to  it  new  life  and  sweetness.  Boiled  cider 
makes  the  best  stum  for  keeping. 

Cider  WVw. — The  method  of  preparing  this  liquor  in  Ame- 
rica, where  it  is  much  used,  is  as  follows : the  fresh  apple  juice 
is  evaporated  in  a brewing  copper  till  half  of  it  bo  wasted  , the 
remainder  is  then  put  into  n wooden  cooler,  and  afterwards 
into  a cask,  with  an  addition  of  yeast,  and  so  fermented  in  the 
ordinary  w ay.  This  process  has  lately  been  adopted  in  some  of 
our  cider  counties : hut  from  the  impregnation  of  the  copper  in 
the  liquor,  the  public  ought  to  he  guarded  against  the  use  of  it. 

CIMEX,  or  Bug.  a genus  of  hemipterous  injects,  of  which 
there  arc  above  121  species.  The  larva*  of  bugs  only  differ 
from  the  perfect  insect  by  the  want  of  wings;  they  run  over 
plants,  and  change  to  chrysalies  without  undergoing  any 
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material  change.  The  cimex  lectolarius,  or  house-bug,  is 
acceptable  to  spiders,  and  even  sought  after  by  the  wood-bug. 
Various  methods  have  been  recommended  for  destroying  this 
pernicious  insect,  as  oil  of  turpentine,  camphor,  he.  One  of 
the  best  methods  for  extirpating  these  insects  from  bedsteads, 
is  by  thoroughly  washing  all  the  parts  w here  they  arc  likely  to 
lodge,  with  a solution  of  corrosive  sublimate.  Great  raution 
should  be  bad  in  the  use  of  this  mixture,  as  it  is  one  of  the 
most  deadly  poisons  known. 

C1MOLIA  Alsa,  the  earth  of  which  tobacco  pipes  are  made. 
It  is  dense,  compact,  heavy,  of  a dull  colour,  and  of  a very 
elose  texture.  It  is  found  in  the  Isle  of  Wight,  Dorsetshire. 
Devonshire,  and  Staffordshire.  Cimolia  A'ryrra,  is  of  a dark 
lead  colour,  hard,  dry,  and  heavy.  It  bums  perfectly  white, 
and  is  found  in  Northamptonshire,  where  it  is  used  for  making 

pipes. 

CINCTURE,  or  Ccincturk,  in  Architecture,  a ring  or  list 
at  the  top  and  bottom  of  the  shaft  of  a column. 

CINNABAR,  in  Natural  History,  is  either  native  or  facti- 
tious. The  native  is  an  ore  of  quicksilver  moderately  com- 
pact, very  heavy,  and  of  a striated  colour.  Factitious  cinnabar, 
is  a mixture  of  mercury  and  sulphur  sublimated,  and  reduced 
to  a fine  red  substance.  The  principal  use  of  it  is  in  painting, 
when  it  passes  under  the  name  of  vermilion.  In  medicine,  it 
is  recommended  as  a sedative  and  antisp&smodic ; also  as  a 
mercurial  fumigation  in  venereal  cases. 

CINNAMON,  the  bark  of  two  species  of  laurus.  The  true 
sort  is  from  the  laorus  cinnaroomurn,  and  the  base  kind  from 
the  laurus  cassia.  Cinnamon  is  an  astringent  in  the  prim* 
vur,  but  in  the  remoter  seats  of  action  it  is  an  aperient  and  an 
alexipharmic.  It  is  useful  in  diarrhtras  and  flatulencies.  The 
oil  of  cinnamon  is  made  now  in  England,  and  is  much  better 
than  what  was  formerly  imported  from  Holland.  Cinnamon 
water  is  made  by  distilling  the  bark  first  infused  in  spirit  of 
wine  or  brandy. 

CINQUE  PORTS,  five  havens  that  lie  on  the  east  part  of 
England,  towards  France,  which  have  a particular  policy,  and 
arc  governed  by  a keeper,  with  the  title  of  the  lord  warden  of 
the  Cinque  Ports,  which  office  belong*  to  the  constable  of 
Dover;  and  their  representatives  are  called  Barons  of  the 
Cioqoe  Ports.  These  five  ports  are,  Dover,  Hastings.  Rom- 
ney. Hythe,  and  Sandwich;  to  which  WincbcJsca  and  Rye 
have  been  since  added. 

CIPHER,  or  Cypher,  one  ot  the  Arabic  characters  used  in 
arithmetic.  It  is  also  a kind  of  conjunctive  character,  con- 
sisting of  letters  interwoven  : these  are  generally  the  initials  of 
a person's  name.  Cipher  also  denotes  certain  secret  charac- 
ters disguised  and  varied,  used  in  writing  letters  for  the  pur- 
pose of  secrecy.  The  properties  necessary  in  this  kind  of 
writing  are,  that  the  cipher  be  easy  to  read  by  the  person  for 
whom  it  is  intended,  and  clear  of  suspicion  by  any  stranger 
into  whose  hand*  the  same  may  fall. 

CIRCINUS.  the  Comp« sect,  is  a small  constellation  south- 
east of  Centaurus,  containing  only  four  stars,  and  one  only  of 
these  measures  the  4th  magnitude. 

CIRCLE,  a plane  figure  continued  by  one  line,  which  is 
ealeld  the  circumference,  and  is  such 
that  all  straight  lines,  drawn  from  a 
certain  point  within  the  figure,  to  the 
circumference,  are  equal  to  one  another, 
and  this  point  is  railed  the  centre  of  the 
circle.  The  diameter  passes  through 
the  centre,  as  A K ; and  a radius  is  one- 
half  a diameter,  as  DC.  or  D B.  The 
third  book  of  Euclid's  Geometry  con- 
tains the  theory  of  the  circle,  and  the  4tl 
problems  of  and  belonging  to  the  circle. 

1.  To  find  the  erntre  of  a circle. 

Draw  any  right  line  AB  within  the  cir- 
cle ; bisect  this  line  in  K,  and  through 
the  point  K draw  C D perpendicular,  or 
at  right  angles,  to  A B.  and  bisect  C D in 
E ; the  point  E is  the  centre  of  the 
circle. 

2.  To  describe  a circle  through  three 
given  pointj,  A,  B,  C.  Join  the  poiutx 
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A B,  B C ; bisect  A B,  B C.  in  the  points 
D and  E by  the  perpendiculars  DO. 
E O ; and  the  point  of  intersection  O 
will  be  the  centre,  and  O A,  or  O B,  or 
O C,  the  radius  required. 

3.  To  divide  a given  circle  into  aoy 
number  of  co-eentrir.  parts,  equal  to 
each  other.  Draw  the  radius  A B,  and 
on  it  describe  the  semicircle  ArrfB. 
Divide  A B into  the  proposed  number  of 
equal  parts  1.2.  Ac.  and  erect  the  per- 
pendiculars Id,  2e,  Ac.  meeting  the 
semicircle  in  d.  #,  kc.  From  the  centre 
B.  and  radii  Brf,  Be,  kc.  describe  cir- 
cles ; so  shall  tbe  circle  be  divided  into 
the  proposed  number  of  equal  co-centric 
parts. 

4.  To  divide  a circle  into  any  number 
of  parts,  equal  both  in  area  and  peri- 
phery, as  in  the  following  figure.  Divide 
the  diameter  A B into  the  proposed  num- 
ber of  equal  parts  at  the  points  S,  T,  V, 
Ac. ; then  on  one  side  of  tbe  diameter 
describe  tbe  semicircles  on  the  diame- 
ters AS.  AT.  AV;  and  on  tbe  other 
tide  of  the  diameters  BV,  BT.  BS; 
so  shall  the  parts  1 7,  3 6,  6 3,  7 I, 
be  all  equal,  both  in  area  and  peri- 
pbery. 

Quadrature  and  Kectijfeation  of  the  Circle. — This  is  a problem, 
which,  of  all  others,  baa  must  engaged  the  attention  of  mathema- 
ticians, at  least  amongst  tbe  ancients ; for  being  the  most  regular 
and  best  known  of  any  curvilinear  figure.it  soon  became  a ques- 
tion to  determine  its  area ; and  as  no  reason  could  be  seen 
why  this  should  not  be  found,  tbe  greater  part  of  the  ancients 
seem  to  have  attempted  the  solution  of  it,  as  have  likewise 
several  of  the  moderns.  In  the  present  day,  however,  though 
the  problem  has  not  been  demonstrated  to  be  absolutely  impos- 
sible. yet  few  trials  are  now  made,  and  tbe  solution  is  given  up 
as  hopeless.  But  though  neither  the  rectification  nor  quadra- 
ture of  tbe  circle  has  been  completely  determined,  yet  approxi- 
mations to  them  have  been  found,  and  some  of  these  to  such  a 
degree  of  accuracy,  that  in  a circle  whose  diameter  is  erjual  to 
that  of  the  orbit  of  Saturn,  we  should  not,  in  assigning  its  cir- 
cumference. differ  from  the  truth,  in  the  breadth  of  a single  hair. 

We  cannot,  in  tbe  present  article,  enter  into  investigations 
of  the  several  approximating  rules  that  have  been  given  for 
finding  the  circumference  and  area  of  a circle  ; and  in  the  pre- 
sent instance,  we  must  content  ourselves  with  merely  stating 
tbe  several  results,  without  entering  at  all  into  the  methods 
made  use  of  in  determining  them. 

The  simplest  and  most  ancient  approximation  is  as  follows  j 
As  7 to  22,  so  is  the  diameter  to  the  circumference.  This  is 
the  ratio  given  by  Archimedes.  Other  approximations,  nearer 
than  tbe  above,  bnt  in  larger  numbers,  are  as  follows : c is. 
as  100  : 333  -v 

> so  is  diameter  to  tbe  circumference. 
1702  : 0347  i 
1816  : 6703  J 

which  are  each  more  accurate  than  the  preceding  one. 

Circle  of  Curvature,  in  Geometry,  that  circle,  the  curvature 
of  which  is  equal  to  that  of  any  curve  at  a certain  point.  It  is 
also  called  the  circle  of  equi-curvature. 

Circles  of  the  Sphere,  such  as  eut  the  mnndane  sphere,  and 
have  their  circumference  in  its  sorface.  They  are  either 
moveable  or  fixed.  The  first,  are  those  whose  peripheries  are 
in  tbe  moveable  surface,  and  which  therefore  revolve  with  its 
diurnal  motion ; as  the  meridians.  See.  Tbe  latter,  having  their 
periphery  in  the  immoveable  surface,  do  not  revolve  5 as  the 
ecliptic,  equator,  and  its  parallels,  Ac.  The  circles  of  the 
sphere  are  either  great  or  litUe.  A great  Circle  of  the  sphere, 
is  that  which  divides  it  into  two  equal  parts  or  bemis;ih(-rcs, 
having  the  same  centre  and  diameter  with  it;  as  the  horison, 
meridian,  Ac.  A little,  or  less  Circle  of  the  sphere,  divides  the 
sphere  into  two  unequal  parts,  having  neither  the  same  centre 
nor  diameter  with  the  sphere ; its  diameter  being  only  some 
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chord  of  the  sphere  less  than  its  axis,  such  as  the  parallels 
of  latitude,  8cc. 

Circles  of  Declination,  are  great  circles  intersecting  each 
other  in  the  poles  of  the  world. 

Diurnal  Circlks,  arc  parallels  to  the  eauinoctial.  supposed 
to  be  described  by  the  stars,  and  other  points  of  the  bcuvens, 
in  their  apparent  diurnal  rotation  about  the  earth.  It  may 
here  be  observed,  that  most  circles  of  the  sphere  are  transferred 
from  the  heavens  to  the  earth;  and  have  thus  a place  in  geo* 
graphy,  as  well  as  in  astronomy  ; all  the  {mints  of  each  circle 
being  conceived  as  let  fall  perpendicularly  on  the  surface  of 
the  terrestrial  globe,  and  hence  tracing  out  circles  perfectly 
similar  to  them.  Tims  the  terrestrial  equator  is  a circle  con- 
ceived precisely  under  the  equinoctial  line,  which  is  in  the 
heaveos : and  so  of  the  rest. 

Circles  of  Excursion,  arc  circles  parallel  to  the  ecliptic,  and 
at  such  a distance  from  it,  as  that  the  excursions  of  the  planets 
towards  the  poles  of  the  ecliptic  may  be  included  within  them  ; 
usually  fixed  at  ten  degree*. 

Circles.  Horary,  in  Dialing,  arc  the  lines  which  shew  the 
hours  on  dials  ; though  these  be  not  drawn  circular,  but  nearly 
straight.  Circle,  horary,  on  the  Globe,  a brazen  circle  fixed 
to  the  north  pole,  and  furnished  with  an  index,  shewing  the 
difference  of  meridians,  and  serving  for  the  solution  of  many 
problems.  On  globes  of  late  structure,,  this  circle  is  often 
placed  on  the  equator,  and  the  index  is  made  to  slide  on  n 
brass  wire  running  parallel  to  the  equator,  and  above  it. 

Chicle  of  Illumination,  a circle  passing  through  the  centre  of 
the  earth  or  moon,  perpendicular  to  a line  drawn  from  the  sun 
to  the  respective  bod*.  This  is  supposed  to  separate  the  illu- 
minated part  of  the  globe  from  the  darkened  part;  which  it 
docs  very  nearly. 

Circles  of  Ixititude,  or  Secondaries  of  the  Eehptie.  arc  great 
circles  perpendicular  to  the  plane  of  the  ecliptic,  passing 
through  the  poles  thereof,  and  through  every  star  and  planrt. 
They  are  so  called,  because  they  serve  to  measure  the  latitude 
of  the  stars,  which  is  nothing  but  an  nrch  of  one  of  these  circles 
intercepted  between  the  star  and  the  ecliptic. 

Circles  of  Longitude,  are  several  less  circles, parallel  to  the 
ecliptic  ; still  diminishing,  in  proportion  as  they  recede  from  it. 
On  the  arches  of  these  circles  the  longitude  of  the  stars  is 
reckoned. 

Circle  of  perpetual  Apparition,  one  of  the  less  circles, 
parallel  to  the  equator;  described  by  any  point  of  the  sphere 
touching  the  northern  point  of  the  horizon  ; and  carried  about 
with  the  diurnal  motion.  All  the  stars  included  within  this 
circle  never  set,  but  are  ever  visible  above  the  horizon. 

Circle  of perfyetual  Occupation,  is  another  circle  at  a like 
distance  from  the  equator ; and  contains  all  those  stars  which 
never  appear  in  our  hemisphere.  The  stars  situated  between 
these  circles  alternately  rise  and  set  at  certain  times. 

Polar  Circles,  are  immoveable  circles,  parallel  to  the  equa- 
tor, and  at  a distance  from  the  poles  equal  to  the  greatest 
declination  of  the  ecliptic. 

Circles,  Druidieal,  a name  given  to  certain  ancient  enclo- 
sures. formed  by  rude  stones  circularly  arranged.  These,  it  is 
supposed,  were  temples,  or  places  for  solemn  assemblies,  for 
councils,  or  spats  of  judgment. 

CIRCUIT,  in  Lnw,  a longer  course  of  proceedings  than  is 
needful  to  recover  the  thing  sought  for.  Circuit  also  signifies 
the  journey  or  progress,  which  the  judges  take  twice  every 

ear,  through  the  several  counties  of  England  and  Wales,  to 

old  courts  ami  administer  justice,  where  recourse  cannot  be 
had  to  the  King's  courts  at  Westminster;  bencc  England  is 
divided  into  six  circuits,  nr.  the  Home  circuit,  Norfolk  circuit, 
Midland  rircuit.  Oxford  circuit,  Western  circuit,  aud  Northern 
circuit.  In  Wales,  there  are  but  two  circuits.  North  and 
South  Wales.  Two  judges  are  assigned  by  the  king's  commis- 
sion  to  every  circuit.  In  Scotland  there  are  three  circuits, 
mix.  the  Southern,  Western,  and  Northern,  which  arc  likewise 
made  twice  every  year.  vis.  in  spring  and  autumn. 

CIRCULAR,  any  thing  relating  to  the  circle  ; as  Circular 
Arcs,  Instruments,  Lines , Parts,  Ring,  kc. 

Circular  Ring,  is  the  measure  or  space  included  between 
two  concentric  circles,  and  the  area  of  it  is  consequently  equal 
to  the  difference  of  the  areas  of  the  two  circles.  Or  the  area 


may  be  found  thus:  Multiply  the  sura  of  the  two  diameters  by 
the  difference  of  them,  and  that  product  again  by  ‘7864,  which 
will  give  the  area  required. 

Circular  Sailing,  the  method  of  moving  a ship  upon  a great 
circle  of  the  globe. 

Circular  numbers,  a name  sometimes  applied  to  numbers 
whose  powers  terminate  in  the  same  digits  as  their  roots;  an 
oM  and  useless  distinction. 

Circular  Parts  (Napier’s),  are  five  parts  of  a right-angled, 
or  a quadrantal  spherical  triangle  ; they  are  the  legs,  the  com- 
plement of  the  bypothenuse,  and  the  complements  of  the  two 
oblique  angles. 

Circular  Instruments,  or  Reflecting  or  Multiplying  Circles, 
are  instruments  which  possess  all  the  advantages  of  accuracy 
attending  large  instruments,  in  diminishing  the  errors  of  divi- 
sion and  eccentricity  at  pleasure,  by  means  of  reflection,  though 
the  instruments  themselves  are  small  and  portable.  Circular 
instruments  may  be  considered  as  improvements  of  Hadley's 
octant,  and  the  marine  sextant,  which  are  for  the  same  purpose  ; 
viz.  for  observing  the  altitudes,  distances,  &c.  of  the  heavenly 
bodies,  extremely  useful  for  navigators  in  finding  the  moou's 
distance,  and  other  nautical  purposes. 

CIRCULATING  Decimals,  or  Recurring  Decimals,  are  those 
that  consist  of  a repetition  of  a small  number  of  digits,  as 
*646404.  &c.  *41*271271*27.  &c. ; in  fact,  every  decimal  that  is  not 
finite,  is  a circulating  decimal,  or  is  such,  that  if  continued  far 
enough  the  same  figures  will  again  recur;  but  it  is  only  those, 
of  which  the  periods  of  circulation  consist  of  a few  figures,  that 
receive  generally  the  definition  of  circulating  decimals. 

When  the  circulation  consists  of  the  same  digit  repeated,  it 
is  called  a Simple  Circulate,  and  is  distinguished  by  a point 

placed  oser  it:  thus  *111,  See.  r=  *j  ; *333  z:  *3.  kc.  When 
the  period  of  circulation  consists  of  more  than  one  digit,  it 
is  called  a Compound  Circulate,  and  is  distinguished  thus, 

*234234234.  kc.  234-  A Mixed  Circulate  is  that  which  has 
other  figures  in  it  that  are  not  repeated,  as  *7848184,  Jtc. ; aud 

these  arc  represented  thus,  *784. 

All  operations,  as  multiplication,  division,  Ac.  of  these  num- 
bers. may  be  performed  by  the  same  rules  as  common  decimals  ; 
and  in  Tact,  there  are  very  few  cases  in  which  those  rules  ara 
not  to  he  preferred,  though  some  authors,  as  Hrown,  Conn, 
Malcolm,  Emerson,  Donn,  and  particularly  Henry  Clarke,  have 
treated  at  considerable  length  the  theory  of  circulating  deci- 
mals; as  also  Dr.  Wallis,  who  seems  to  have  been  the  first 
author  that  distinguished  them  under  a separate  head. 

Reduction  of  Circulating  Decimals, — Case  1.  To  teduce  a 
Simple  or  Compound  Circulate  to  its  equivalent  Fraction.— 
Rule . Take  the  figures  in  the  given  decimal,  considered  as  a 
whole  number,  for  the  numerator ; and  as  many  It's  as  there 
are  places  in  the  circulate  for  the  denominator;  observing 
only,  that  when  there  are  any  integral  figures  in  the  circulate, 
ns  many  ciphers  must  bo  annexed  to  the  numerator,  as  the 
highest  place  in  the  repetend  is  distant  from  the  decimal  point 
thus. 

Examples 1.  The  circulate  *6  = J = ] 

2  -36  = fi  = A 

3  66  = ^ = it 

4  2 063  =2*  =3At 

Case  2.  To  reduce  a Mixed  Circulate  to  its  equivalent  Frac- 
tion. 'Rule.  Subtract  the  finite  part  of  the  expression,  consi- 
dered ns  a whole  number,  from  the  whole  mixed  repetend, 
taken  in  the  same  manner  for  the  numerator:  and  to  as  many 
D's  as  there  are  repeating  places  in  the  circulate,  annex  as 
many  ciphers  as  there  are  finite  decimal  places  for  a denomi- 
nator ; thus, 

Examples. — 1.  The  circulate  138  r:  = is 

..  418—24 

2.  Again....  2*418  = 2 2^-  2ft 

And  so  on  in  other  examples.  Having  thus  shewn  how  to  reduce 
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any  circulate,  simple,  compound,  or  mixed,  to  its  equivalent 
fraction  ; all  the  rules  of  addition,  subtraction,  multiplication, 
div  ision,  Ike.  of  circulating  decimals,  may  bo  performed  by  the 
rules  that  are  given  for  the  same  operations  in  fractions ; which 
see  under  their  respective  heads. 

CIRCULATION  or  the  Blood,  the  natural  motion  of  the 
blood  in  a living  animal,  whereby  that  fluid  is  alternately 
carried  from  the  heart  to  all  parts  of  the  body  by  the  arteries, 
and  returned  from  the  same  parts  to  the  heart  by  the  veins. 

CIRCULUS.  a chemical  instrument,  consisting  of  an  iron 
ring,  which  being  heated  red-hot,  is  applied  to  the  necks  of 
glass  vessels  to  make  the  necks  come  evenly  olT. 

CIRCUMFERENCE,  Circu  meekest)  a.  in  a general  sense, 
denotes  the  line  or  lines  bounding  any  figure;  but  it  is  com- 
monly used,  in  a more  limited  sense,  to  denote  the  periphery 
of  a circle,  which  is  every  where  equally  distant  from  a certain 
point  within,  called  the  centre.  See  Circle. 

CIRCUMFERENTOR,  an  instrument  used  by  surveyors  in 
aking  angles;  it  consists  of  a brass  circle  and  index,  in  one 
»icce,  commonly  about  seven  inches  in  diameter,  an  index 
ibout  fourteen  inches  long,  and  one  and  a half  inches  broad. 
)n  the  circle  is  a card  or  compass,  divided  into  300  degrees; 
he  meridian  line  of  which  answers  to  the  middle  of  the  breadth 
»f  the  index.  There  is  also  soldered  on  the  circumference  a 
>rass  ring,  on  which  screws  another  ring  with  a flat  glass  in  it, 
so  as  to  form  a kind  of  box  for  tho  needle,  suspended  on  the 
needle  in  the  centre  of  the  circle.  There  arc  also  two  sights  to  j 
screw  on,  and  slide  up  and  down  the  index,  as  also  a ball  and 
socket  screwed  on  the  under  side  of  the  circle,  to  receive  the 
leg  of  the  three-legged  stall'. 

The  above  description  answers  to  the  most  simple  form  of 
the  circumferentor ; but  an  improved  instrument  of  this  kind  is 
sold  by  Jones,  of  Holborn,  which  in  some  measure  answers  the 
purpose  of  a theodolite. 

CIRCUMGYRATION,  the  whirling  motion  of  a body  about 
a centre. 

CIRCUM-Polar  Stan,  are  those  situated  near  the  north 
pole  of  the  heavens,  or  those  which  revolve  about  it  without 
setting. 

CIRCUMSCRIBED  Florae,  is  that  which  is  circumscribed 
or  drawn  about  another  figure,  so  as  to  touch  it  on  every  side. 

A right-lined  figure  is  said  to  be  circumscribed  about  anoihcr, 
when  all  the  angles  of  the  latter  fait  in  the  sides  of  the  former.  < 
A right-lined  figure  circumscribes  a curvilinear  one,  when  the 
periphery  of  the  latter  touches  all  the  sides  of  the  former.  A . 
circle,  or  other  curvilinear  figure,  circumscribes  a right-lined 
one,  when  all  the  angles  of  the  latter  arc  in  the  periphery  of  the 
former. 

Circumscribed  HyjterboJa,  one  of  Newton’s  hyperbolas,  of 
the  second  order,  which  cuts  its  asymptotes,  and  contains  the 
part  cut  off  within  itself. 

CIRCUMVALLATION,  in  military  affairs,  is  a fortification 
of  earth,  consisting  of  a parapet  and  trench  made  round  a town 
intended  to  be  besieged,  when  opposed  to  any  army  that  may 
come  to  its  relief. 

CIRRI,  in  botanical  language,  denotes  the  fine  strings  or 
filaments  by  which  creeping  plants  adhere  to  walls  and  trees. 
In  ichthjology,  the  term  is  applied  to  appendages  hanging 
from  the  mouths  of  fishes,  and  called  by  sonic,  beards. 

CISSOID  of  Diocles.  in  the  higher  Geometry,  is  a curve 
line  of  the  second  order,  invented  by  Diocles,  an  ancient  Greek 
geometrician,  fur 
the  pnrpos  c of  find- 
ing two  continued 
mean  pro  portionals 
between  two  other 
given  lines.  T he 
generation  of  this 
curve  is  as  follows: 

At  the  extremity  B 
of  the  diameter  A U of  the  circle  A O B,  draw  perpendicular  to 
it  the  indefinite  line  C R I),  to  which  from  the  other  extremity 
A draw  several  lines  cutting  the  circle  it)  I,  O,  N.  Ike.  and  upon 
Ihcso  lines  set  off  the  corresponding  equal  distances,  viz. 
HN=  A I,  FO  = A O,  CL~  A N.  &c.;  then  the  curve  line 
drawn  through  all  the  points  M,0,  L,  &c.  is  the  cissoid.  Other 


methods  of  constructing  this  curvo  may  be  seen  in  Newton’s 
**  Univeisal  Arithmetic,"  and  Emerson  on  "Curve  Lines.” 

CISTERN,  on  board  of  ships,  is  a large  wooden  trough, 
placed  in  the  well  just  below  the  orlop,  and  having  a leaden 
pipe,  which  goes  through  the  ship’s  side,  whereby  it  is  occa- 
sionally filled  with  sea  water,  which  is  thence  pumped  up  to  wash 
the  decks,  kc. 

CISTUS.  the  Rock  Rote,  a genus  of  the  monogynia  order,  in 
the  poly  ami  rin  class  of  plants,  ranking  in  the  natural  method 
under  the  ‘iOth  order,  rotaccie.  There  are  66  species,  mostly 
natives  of  the  southern  parts  of  Europe.  They  are  very  beau- 
tiful evergreen  shrubs,  and  very  ornamental  in  gardens.  The 
flowers  arc  white,  pnrplc,  and  yellow  ; they  are  propagated  bv 
seeds  or  cuttings.  Gum  labdanum  is  obtained  from  the  species 
in  the  Levant- 

CITADEL,  a place  fortified  with  four,  five,  or  six  bastions, 
on  a convenient  hill,  near  a city  which  it  commands. 

CITATION,  in  ecclesiastical  courts,  is  the  same  with  a 
summons  in  the  civil. 

CITRUS,  the  citron,  orange,  and  lemon  tree,  a genus  of  the 
polyadelphia  class,  and  icosandria  order  of  plants.  Calyx 
quinquefid  ; petals  oblong,  and  five  ; anther*1  twenty,  filaments 
unite  into  various  bodies  ; fruit  nine-celled.  There  are  five 
species,  and  many  varieties.  1.  Citrus  aurantium,  the  orange, 
of  which  the  varieties  are,  the  Seville  orange,  a handsome  tree, 
and  the  hardiest  of  any.  The  fruit  is  large,  rough-rimlcd  and 
sour.  2.  The  China  orange,  which  has  a smooth,  thiu  rind,  and 
sweet  fiuit.  3.  The  forbidden  fruit-tree,  very  much  resembles 
the  common  orange-tree,  but  the  fruit  is  large  ; the  flavour  is 
delicious.  4.  The  horned  orange,  is  a tree  of  moderate  sixe, 
producing  fruit  which  divide,  and  the  rind  has  divisions  like 
horns.  6.  The  hermaphrodite  orange  produces  fruit  formed 
partly  like  that  of  the  orange,  and  partly  like  a citron.  <».  The 
dwarf  orange  tree,  or  nutmeg  orange,  grows  to  the  height  of 
two  or  three  feet,  and  Ihe  fruit  is  very  small.  II.  C «ron 
medics,  the  nitron  tree,  of  which  there  ate  six  varieties.  The 
lemon  tree  is  accounted  a variety  of  the  citron,  and  of  this  there 
arc  not  less  than  eleven  suits.  Besides  these  varieties  o»  u.. 
citrus  there  arc  several  others,  ns,  I.  The  citrus  trifoliata,  a 
thorny  shrub,  which  grows  in  Japan.  2.  Citrus  decuman*,  uf 
shaddock,  which  is  a native  of  the  East  and  West  Indies. 
3.  Citrus  Japonica,  the  fruit  of  which  is  about  the  size  of  a 
cherry,  and  very  pleasant  to  the  taste. 

CIVET,  is  collected  betwixt  the  anus  and  the  organs  of  gene- 
ration of  a fierce  carnivorous  quadruped,  met  with  in  China, 
and  the  East  and  West  Indies,  called  a civet  cat;  but  bearing 
a greater  resemblance  to  a fox  or  marten  than  a cal : it  is  a 
species  of  Viverra.  Several  of  these  animals  have  been 
brought  into  Holland,  and  afford  a considerable  branch  of 
commerce,  particularly  at  Amsterdam.  The  civet  is  squeezed 
out  in  summer  every  other  day;  in  winter  twice  a week  : the 
quantity  procured  at  once,  is  from  two  scruples  to  a drachm, 
or  more.  The  juice  thus  collected  is  much  purer  and  finer 
than  that  which  the  animal  sheds  against  shrubs  or  stones  in 
its  native  climates.  Good  civet  is  of  a clear  yellowish  or 
brownish  colour,  not  fluid,  nor  hard,  hut  about  the  consistence 
uf  butter  or  honey,  and  uniform  Ihrouchout ; of  a very  strong 
smell;  quite  offensive,  when  undiluted;  hut  agreeable,  when 
only  a small  portion  is  mixed  with  other  substances. 

CIVIL  Day,  like  the  astronomical  or  natural,  consists  of 
twenty-four  hours,  but  begins  differently  in  different  nations. 
The  ancient  Babylonians,  Persians,  Syrians,  and  most  of  the 
eastern  nations,  began  their  day  at  sun-rising.  The  ancient 
Athenians,  the  Jews.  See.  began  their  day  at  sun-setting,  which 
castnm  is  followed  by  the  modern  Austrians,  Bohemians,  Sile- 
sians, Italians,  Chinese,  Ac.  The  Arabians  begin  their  day  at 
noon,  like  the  modern  astronomers.  The  ancient  Egyptians, 
Romans.  8tc.  began  their  day  at  midnight,  and  this  method  is 
followed  by  the  English,  French.  Germans,  Dutch,  Spanish,  and 
Portuguese. 

CIVILIAN,  a term  applied  to  the  doctors  and  professors  of 
Ihe  civil  law.  In  London  they  have  a college,  called  Doctors' 
Commons. 

CIVIL  LAW,  is  properly  the  pccnliar  law  of  a state,  coun- 
try, or  city,  hut  is  ’now  applied  exclusively  to  a body  ot 
laws  compiled  out  of  the  best  Roman  and  Grecian  systems  of 
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jurisprudence,  agreeable  to  what  is  denominated  the  law  of 
nature  and  nations,  and  which  were  generally  observed 
throughout  the  Roman  dominions  above  1*200  years.  In  our 
country,  the  civil  law  is  used  in  the  ecclesiastical  courts  and 
the  admiralty,  but  is  subservient  to  tbe  common  law. 

CIVIL  Year.  See  Year. 

CLAMPS,  in  Naval  Architecture,  thick  planks  on  the  inner 
part  of  a ship's  side,  used  to  sustain  the  ends  of  the  beams,  and 
extending  from  stem  to  stern,  including  tbe  whole  interior 
range  of  the  side.  They  arc  placed  close  under  each  deck,  so 
as  to  be  securely  fayed  to  all  tbe  timbers,  to  which  they  arc 
fastened  by  nails  through  the  clamp,  and  penetrating  two-thirds 
of  the  thickness  of  the  timbers. 

The  clamps  of  tbe  lower  and  second  decks  ought  to  be 
equal  in  thickness  to  half  the  corresponding  timbers  in  that 
part,  and  as  broad  as  can  be  procured.  In  their  disposition  it 
is  essentially  necessary  to  avoid  their  being  wounded  by  the 
ports,  as  tbe  strength  and  firmness  of  a ship  greatly  depend  on 
the  substance  and  solidity  of  those  pieces  which  lie  horizontally 
in  her  frame. 

Clamps  are  also  smooth  crooked  plates  of  iron  fore-locked 
upon  tbe  trunnions  of  the  cannon,  to  keep  them  fast  upon  their 
carriages : these,  however,  are  more  properly  termed  cap- 
squares.  Clamps  of  the  latter  kind  are  likewise  frequently 
used  to  fasten  the  masts  or  bowsprits  of  small  vessels,  and  of 
boats. 

CLAN,  a term  used  in  Scotland  to  denote  a number  of  fami- 
lies of  the  same  name,  under  a feudal  chief,  who  protected 
them,  and  in  return  for  that  protection  commanded  their 
services  as  his  followers,  and  led  them  to  war,  and  on  military 
excursions. 

CLARENCIEUX,  the  second  king  at  arms,  so  called  from 
Iioncl  Duke  of  Clarence,  to  whom  the  title  originally  apper- 
tained. His  office  is  to  marshal  the  order  of  procession  in  tbe 
funerals  of  the  inferior  nobility.  See. 

CLARIFICATION,  in  Chemistry,  tbe  clearing  and  fining 
any  fluid  from  heterogeneous  matter. 

CLARO  OBSCUKO,  in  Painting,  the  art  of  distributing 
advantageously  the  light  and  shadow  of  a piece  with  regard  to 
the  ease  of  tbe  eye,  and  the  effect  of  the  whole.  It  also  denotes 
a design  consisting  of  only  two  colours,  usually  black  and 
white,  or  black  and  yellow. 

CLASS,  a term  given  to  tbe  general  divisions  of  a subject : 
thus  in  the  Linmean  system,  animals  and  plants  are  divided 
into  classes. 

CLAY,  a kind  of  earth,  which  was  formerly  denominated 
argillaceous,  but  is  now  found  to  be  a mixture  of  alumina  and 
silica  in  various  proportions.  Clay  also  contains  carbonate  of 
lime,  of  magnesia,  barytes,  oxide  of  iron,  fcc.  It  adheres 
slightly  to  the  tongue ; feels  greasy ; and  falls  to  powder  in 
water.  When  pure,  it  is  white  with  a tinge  of  blue  or  yellow. 
Potters’  clay  stains  tbe  fingers,  and  acquires  a polish  by  rub- 
bing. When  properly  moistened,  it  is  very  ductile.  Tobacco 
pipe  clay  is  a variety  of  this  species.  The  structure  of  schis- 
tose day  is  slaty,  and  of  a gray  colour.  It  is  usually  found 
in  coal  mines. 

CLAY  SLATE,  is  a mineral  extensively  distributed,  forming 
part  of  primitive  and  transitive  mountains.  Its  constituents 
are  48'6  silica,  236  alumina,  1*6  magnesia,  11*3  peroxide  of 
iron,  0*5  oxide  of  manganese.  4*7  potash,  6*3  carbon,  0*1  sul- 
phur, and  7*6  water  and  volatile  matter. 

CLBATS,  pieces  of  wood  of  different  shapes,  used  occa- 
sionally in  a ship,  to  fasten  ropes  upon:  some  have  one,  and 
some  two  arms;  others  are  without  arms,  being  hollowed  in  the 
middle  to  tie  any  thing  to,  and  are  called  belaying  cleats,  a 
deck  cleat,  and  a thumb  cleat. 

CLEF,  or  Curr,  in  Music,  a mark  set  at  the  beginning  of  a 
song,  denoting  the  key  in  which  the  same  is  to  be  performed, 
or  it  is  a letter  marked  on  a line,  to  explain  the  rest. 

CLEOSTRATUS.  a celebrated  astronomer,  born  inTenedos, 
was,  according  to  Pliny,  the  first  who  proposed  the  signs  of  the 
zodiac  ; others  say,  that  he  only  invented  the  signs  Aries  and 
Sagittarius.  He  also  corrected  the  errors  of  the  Grecian  year, 
about  the  306th  before  Christ. 

CLEPSY  DR  A,  an  instrument  or  machine  serving  to  measure 
time  by  the  fall  of  a certain  quantity  of  water,  though  there 


have  likewise  been  clepsydra*  made  with  mercury.  The  Egyp- 
tians, by  this  machine,  measured  the  course  of  the  sun.  Tycho 
Brahe,  in  later  days,  made  use  of  it  to  measure  the  motion  of 
the  stars.  &e.  ; and  Dudley  used  the  same  contrivance  in 
making  all  his  maritime  observations.  The  use  of  clepsydra 
is  very  ancient;  they  were  invented  in  Egypt,  under  tbe  Ptole- 
mies ; as  were  also  son-dials.  Their  use  was  chiefly  in  tbe 
winter,  as  the  sun-diats  served  iu  the  summer:  but  they  had 
two  great  defects  ; the  one.  that  the  water  ran  out  with  a 
greater  or  less  facility,  as  tbe  air  was  more  or  less  dense ; the 
other,  that  the  water  ran  more  readily  at  the  beginning  than 
towards  the  conclusion. 

The  ('on  struct  ion  of  a common  Clepsydra. — To  divide  any 
cylindrical  vessel  into  parts,  to  be  emptied  in  each  division  of 
time  ; the  time  wherein  the  whole,  and  that  wherein  any  part  is 
to  be  evacuated,  being  given:  Suppose  a cylindrical  vessel, 
whose  charge  of  water  flows  out  in  twelve  hours,  were  required 
to  be  divided  into  two  parts,  to  be  evacuated  each  hour.  1.  As 
the  part  of  time  1 is  to  tbe  whole  time  12,  so  is  the  same  time 
12  to  a fourth  proportional  144.  2.  Divide  the  altitude  of  the 
vessel  into  144  equal  parts : here  the  last  will  full  to  the  last 
hour  ; the  three  next  above  to  tbe  last  part  but  one  ; the  five 
next  to  the  tenth  hour  ; lastly,  the  twenty-three  last  to  the  first 
hoar.  For  since  the  times  increase  in  the  series  of  the  natural 
numbers  1, 2,  3, 4,  ft,  &c.  and  the  altitudes,  if  the  numeration  be 
in  a retrograde  order  from  the  twelfth  hour,  increase  in  the 
series  of  the  unequal  numbers  1, 3,  5,  7.  6,  &c.  the  altitudes 
computed  from  the  twelfth  hour  will  be  as  the  squares  of  the 
times  I,  4,  9,  16,  2ft,  &c.  Therefore  the  squares  of  the  whole 
time,  144.  comprehend  all  the  parts  of  tbe  altitude  of  the  vessel 
to  be  evacuated,  liut  a third  proportional  to  I and  12  is  tbe 
square  of  12,  and  consequently  it  is  the  number  of  equal  parts 
in  which  the  altitude  is  to  be  divided,  to  be  distributed  accord- 
ing to  the  series  of  the  unequal  numbers,  through  the  equal 
interval  of  hours.  There  were  many  kinds  of  cle  psydra  among 
the  ancients  ; but  they  had  all  this  in  common,  that  the  water 
ran  generally  through  a narrow  passage,  from  one  vessel  to 
auolbcr,  and  in  the  lower  was  a piece  of  cork  or  light  wood, 
whicb,  as  tbe  vessel  filled,  rose  up  by  degrees,  and  shewed  the 
hour. 

Clepsydrae  bave  been  much  improved  of  late  years  In 
their  construction;  bnt  as  their  ose  is  now  superseded  by  tbe 
accuracy  of  our  modern  timepieces,  we  shall  not  dwell  longer 
upon  them  here. 

CLERK,  a word  originally  applied  to  a clergyman,  from  the 
Greek  xXirpof,  chosen,  whence  it  was  afterwards  used  to  denote 
a mau  of  learning.  In  our  law,  it  is  still  the  designation  of 
every  person  in  holy  orders  under  the  episcopal  dignity.  The 
word  clerk  is  now  variously  applied  to  persons  in  numerous 
offices  in  the  law  and  the  government,  as  well  aj  to  those 
employed  in  keeping  merchants’  books. 

CLICKS  are  small  pieces  of  iron  falling  into  a notched 
wheel  attached  to  the  winchcrs  in  cutters,  flic,  and  thereby 
serving  the  office  of  pauls. 

i CLIMATE,  or  Clime,  in  the  ancient  Geography,  a part  of 
j the  surface  of  the  earth,  or  zone,  bounded  by  two  lesser 
circles  parallel  to  the  equator  ; and  of  such  a breadth,  as  that 
tbe  longest  day  in  the  parallel  nearer  the  pole  exceeds  the 
longest  day  in  that  next  the  equator,  by  some  certain  space,  as 
half  an  hour  or  an  hour..  V ulzarly,  the  term  climate  is  bestowed 
on  Any  country  or  region  differing  from  another,  either  in 
respect  of  the  seasons,  the  quality  of  the  soil,  or  even  the  man- 
ners of  thr  inhabitants,  without  any  regard  to  the  length  of  the 
longest  day. 

CLINCH,  a particular  method  of  fastening  large  ropes  by  a 
kind  of  knot  and  seizings,  instead  of  splicing;  and  is  chiefly 
used  to  fasten  tbe  cable  to  the  ring  of  the  anchor,  and  the 
breechings  of  guns  to  the  ring-bolts  in  the  ship’s  side. 

CLINCHER-WORK,  tbe  disposition  of  the  planks  in  tbe 
side  of  any  boat  or  vessel,  when  the  lower  edge  of  every  plank 
overlajs  that  next  below  it,  like  slates  on  tbe  roof  of  a bouse. 

Clischeh-bi'ILT.  made  of  clincher-work. 

CLINCHING,  in  sea  language,  is  the  driving  a Utile  oakum 
into  the  scams  to  keep  out  the  water. 

CLI  SICAL,  in  Medicine,  is  appUcd  to  the  practice  of 
visiting  and  treating  patients. 
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CLOCK,  a machine  now  constructed  in  such  a manner,  and 
so  regulated  by  (he  uniform  motion  of  a pendulum,  as  to  mea- 
sure time,  and  all  its  subdivisions,  with  great  exactness.  Before 
the  invention  of  the  pendulum,  a balance,  not  unlike  the  fly  of 
a kitchen  jack,  was  used  instead  of  it.  Clocks  were  at  first 
called  nocturnal  dials,  to  distinguish  them  from  sun-dials, 
which  shewed  the  hour  by  the  shadow  of  the  sun.  The  inven- 
tion of  clocks  with  wheels  is  ascribed  to  Pncificus.  archdeacon 
of  Verona,  in  the  9th  century,  on  the  credit  of  an  epitaph 
quoted  by  Ughelli.  and  borrowed  by  him  from  Panvinius. 
Others  attribute  the  invention  to  Boethius,  about  the  year  510 ; 
and  some  to  Archimedes.  But  wo  know  for  certain,  that 
Edward  III.  gave  permission  to  three  artists  to  come  over  from 
Holland  to  England,  and  practise  their  calling  here,  A modern 
clock,  as  in  the  figure,  consists  of  a variety  of  parts,  which  may 
be  thus  explained:  P is  a weight  which  is  suspended  by  a 
cord  that  winds  about  the  cylinder  or  barrel  C,  which  is  fixed 
upon  the  axis  a,  a ; the  pivots  bt  b,  go  into  holes  made  in  the 
plates  TS,  TS,  ill  which  they  turn  freely.  These  plHtes  are  ! 
made  of  brass  or  iron,  and  are  connected  by  means  of  four  | 
pillars,  7.  7;  the  whole  together  br  ing  called  the/ramc.  The  ! 
weight  P,  if  not  restrained,  would  necessarily  turn  tbe  barrel  , 
C.  w ith  an  uniformly  accelerated  motion,  iu  the  same  manner 
as  if  the  weight  were 
falling  freely.  But 
tbo  band  is  furnish- 
ed with  a ratchet- 
wheel,  K.K,  the  right 
side  of  whose  teeth 
strikes  against  the 
dick,  which  is  fixed 
with  a screw  to  the 
wheel  D I),  as  repre- 
sented in  the  second 
figure:  so  that  the 
action  of  ihcweight  is 
communicated  to  the 
wheel  D D,  the  teeth 
of  which  act  upon 
the  teeth  of  the  small 
wheel  cl.  which  turns 
npon  the  pivots  e,  r. 

The  communication 
or  action  of  one  w heel 
with  nnothcr,is called 
the  pitching  ,*  a small 
wheel  like  d is  catted 
a pinion,  and  its  teeth 
are  called  ham  of 
the  pinion.  Several 
things  arc  requisite 
to  form  a good  pitch- 
ing, the  advantages 
of  which  ore  obvi- 
ous in  all  machinery 
where  teeth  and  pi- 
nions are  employed. 

The  teeth  and  pinion-leaves  should  be  of  a proper  shape,  and 
perfectly  equal  among  themselves  : the  size  also  of  the  pinion 
should  he  of  a just  proportion  to  the  wheel  acting  into  it. 

The  wheel  E E is  fixed  upon  the  axis  of  the  pinion  d ; and  the 
motion  communicated  to  the  wheel  It  I)  by  the  weight  is 
transmitted  to  the  pinion  d,  consequently  to  the  wheel  E K,  as 
likewise  to  the  pinion  e and  wheel  F F,  which  moves  the  pinion 
f ; upon  the  axis  of  which  the  crown  or  balance-wheel  G II  is 
fixed.  The  pivots  of  the  pinion  f play  in  holes  of  the  plates 
L M,  which  are  fixed  horizontally  to  the  plates  T S.  In  a word, 
the  motion  begun  by  tbe  weight  is  transmitted  from  the  wheel 
0 H to  the  palettes  I K,  and  by  means  of  the  fork  U X riveted 
on  the  palettes,  communicates  motion  to  tbe  pendulum  A B. 
which  Is  suspended  upon  the  hook  A.  The  pendulum  A B 
describes,  round  the  point  A,  an  arc  of  a circle  alternately 
going  and  returning.  If,  then,  the  pendulum  be  once  pot  in 
motion  by  a push  of  the  hand,  the  weight  of  the  pendulum  at  B 
will  make  it  return  upon  itself,  and  it  will  continue  to  go  alter- 
natclv  backward  and  forward  till  the  resistance  of  the  air  upon 
10 


the  pendulum,  and  the  friction  at  the  point  of  suspension  at  A, 
destroys  the  original  impressed  force.  But  as  at  every  vibra- 
tion of  the  pendulum  the  teeth  uf  the  Imlance-whccl  G H act 
so  upon  the  palettes  I K (the  pivots  upon  the  axis  of  these 
palettrs  play  in  two  holes  of  the  potcncc  st.)  that  after  one 
tooth  H has  communicated  motion  to  the  palette  K.  that  tooth 
escapes;  then  the  opposite  tooth  G acts  upon  the  palette  I, 
and  escapes  in  the  same  manner;  and  thus  each  tooth  of  the 
wheel  escapes  the  palettes  I K,  after  having  communicated 
their  motion  to  the  palettes  in  such  a manner  that  the  pendu- 
lum, instead  of  being  stopped,  continues  to  move.  The  wheel 
EE  revolves  in  an  hour;  the  pivot  e of  this  wheel  passes 
through  tbe  plate,  and  is  continued  to  r : npon  the  pivot  is  a 
wheel  N N,  with  a long  socket  fastened  in  the  centre ; upon 
the  extremity  of  this  socket  r,  the  minute-hand  is  fixed.  The 
wheel  N N acts  upon  the  wheel  O ; the  pinion  of  which  p acts 
upon  the  w heel  t/ff,  fixed  upon  a socket  which  turns  along  with 
the  wheel  N.  1 his  wheel  g g makes  its  revolution  in  12  hours, 
upon  the  socket  of  which  the  hour-hand  is  fixed. 

From  the  above  desrriplion  it  is  easy  to  see,  I.  That  the 
weight  P turns  nil  the  wheels,  ami  at  the  same  lime  continues 
the  motion  of  the  pendulum.  2.  That  the  quickness  of  tbo 
motion  of  tbe  wheels  is  determined  by  that  of  the  pendulum. 
X That  tbe  wheels  point  out  tbe  parts  of  lime  divided  by  the 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  which  the  weight  is  suspended  is 
entirely  run  down  from  off  the  barrel,* it  is  wound  up  again  by 
means  of  a key,  which  goes  on  at  the  square  end  of  the  arbor  at 
Q.  by  turning  it  in  a contrary  direction  from  that  in  which  the 
weight  descends.  For  this  purpose  the  inclined  side  of  the 
teeth  of  tbe  wheel  K (as  in  the  annexed  figure)  removes  the 
click  C.  so  that  the  ratchet-wheel  R 
turns  while  the  wheel  D is  at  rest;  but 
as  soon  as  the  cord  is  wound  up.  the 
click  falls  in  between  the  teeth  of  the 
wheel  D,  and  the  right  side  of  the  teeth 
again  act  upon  the  end  of  the  click, 
which  obliges  tbe  wheel  D to  turn  along 
with  the  barrel ; and  the  spring  A keeps 
tbe  click  betw  een  tbe  teeth  of  tire  ratchet- 
tv  wheel  R. 

We  shall  now  explain  how  time  is  measured  by  tbe  motion 
of  the  pendulum  ; and  how  the  wheel  E,  upon  the  axis  of  which 
tbe  minute-hand  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a pendulum  are  performed  in  a shorter 
or  longer  time  in  proportion  to  the  length  of  the  pendulum 
itself.  A pendulum  of  39}  inches  in  length  makes  3600  vibra- 
tions in  an  hour;  {.«,  each  vibration  is  performed  in  a second 
of  time,  and  for  that  reason  it  is  called  a second  pendulum.  But 
a pendulum  of  9ft  inches  makes  7200  vibrations  in  an  hour,  or 
two  vibrations  in  a second  of  time,  and  is  called  « half-second 
pendulum.  Hence,  in  constructing  a wheel  whose  revolution 
must  he  performed  in  a given  time,  the  lime  of  the  vibrations  of 
the  pendulum  which  regulates  its  motion  must  be  considered. 
Supposing,  then,  that  the  pendnlnm  A B makes 7200  vibrations 
in  an  hour,  let  us  ronridrr  how  the  wheel  E shall  take  up  an 
hour  in  making  one  revolution.  This  entirely  depends  on  tbe 
number  of  teeth  in  the  wheels  and  pinions.  If  the  balance- 
wheel  consists  of  30  teeth,  it  will  turn  once  in  the  time  that  tbe 
pendulum  makes  GO  vibrations  ; for  at  every  tarn  of  the  wheel 
the  same  tooth  acts  once  on  the  palette  I,  and  once  on  the 
palette  K,  which  occasions  two  separate  vibrations  in  the  pen- 
dulum ; and  the  wheel  having  30  teeth,  it  occasions  twice  30,  or 
GO  vibrations.  Consequently  this  wheel  must  perform  120  revo- 
lutions in  an  hour;  because  GO  vibration*,  which  it  occasions 
at  every  revolution,  are  contained  120  times  in  7200,  the  num- 
ber of  vibrations  performed  by  tbe  pendulum  in  an  hour.  Now, 
in  order  to  determine  the  number  of  teeth  for  tbe  wheels  E F, 
and  their  pinions  ef,  it  mast  be  remarked,  that  one  revolution  of 
the  wheel  E must  turn  the  pinion  e as  many  times  as  tbe  num- 
ber of  teeth  in  the  pinion  is  contained  in  the  number  of  teeth  in 
the  wheel.  Thus,  if  the  wheel  K contains  72  teeth,  and  the 
pinion  e 6,  the  pinion  will  make  12  revolutions  in  tbe  time  that 
the  wheel  makes  1 ; for  each  tooth  of  the  wheel  drives  forward 
a tooth  of  the  pinion,  and  when  the  G teeth  of  the  pinion  are 
moved,  a complete  revolution  is  performed ; but  the  wheel  8 
^ Y 
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baa  by  that  time  only  advanced  6 teeth,  and  ha*  still  G6  to 
advance  before  its  revolution  be  completed,  which  will  occasion 
II  more  revolutions  of  the  pinion.  For  the  same  reason,  the 
wheel  F having  00  teeth,  and  the  pinion  f 6,  the  pinion  will 
make  10  revolutions  while  the  wheel  performs  1.  Now  the 
wheel  F being  turned  by  the  pinion  e,  makes  12  revolutions  for 
one  of  the  wheel  E ; and  the  pinion  / makes  10  revolutions  for 
ono  of  the  wheel  F ; consequently  the  pinion  / performs  10  times 
12,  or  120  revolutions,  in  the  time  the  wheel  E performs  one. 
But  the  wheel  G,  which  is  turned  by  the  pinion/,  occasions  00 
vibrations  in  the  pendulum  each  time  it  turns  round ; conse- 
quently the  wheel  G occasions  00  times  120,  or  7200,  vibrations 
of  the  pendulum  while  the  wheel  E performs  one  revolution  ; 
but  7200  is  the  number  of  vibrations  made  by  the  pendulum  in 
an  hour,  and  consequently  the  wheel  E performs  but  one  revo- 
lution in  an  hour;  and  so  of  the  rest. 

From  this  reasoning,  it  is  easy  to  discover  how  a clock  may 
be  made  to  go  for  any  length  of  time  without  being  wound  up. 
1.  By  increasing  the  number  of  the  teeth  in  the  wheels.  2.  By 
diminishing  the  number  of  teeth  in  the  pinions.  3.  By  increas- 
ing the  length  of  the  cord  that  suspends  the  weight.  4.  By  in- 
creasing the  length  of  the  pendulum.  And,  6.  By  adding  to 
the  number  of  wheels  and  pinions.  But  in  proportion  as  the 
time  is  augmented,  if  the  weight  continues  the  same,  the  force 
which  it  communicates  to  the  last  wheel  GH  will  be  diminished. 

It  only  remains  to  take  notice  of  the  number  of  teeth  in  the 
wheels  which  turn  the  hour  and  minute  bands.  The  wheel  E 
performs  one  revolution  in  an  hour;  the  wheel  N N,  which  is 
turned  by  the  axis  of  the  wheel  K.  must  likewise  make  only  ono 
revolution  in  the  same  lime;  and  the  minute-hand  is  fixed  to 
the  socket  of  this  wheel-  The  wheel  N has  30  teeth,  and  acts 
upon  the  wheel  O,  which  has  likewise  30  terth,  and  the  same 
diameter;  consequently  the  wheel  O takes  an  hour  to  a revolu- 
tion : now  the  wheel  O carries  the  pinion  p,  which  has  0 teeth, 
and  which  acts  upon  the  wheel  qa  of  72  teeth  ; consequently  the 
pinion  p makes  12  revolutions  while  the  wheel  qq  makes  one, 
and  of  course  the  wheel  qq  takes  12  hours  to  ono  revolution; 
and  upon  the  socket  of  this  wheel  the  hour-band  is  fixed. 
Much  that  has  been  said  here  concerning  revolutions  of  wheels, 
fitc.  is  equally  applicable  to  watches  as  to  clocks. 

But  to  speak  of  the  striking  part,  in  which,  indeed,  as  well 
as  the  other  part  of  a clock,  there  is  room  for  a great  variety 
and  choice  in  the  construction  ; the  w heels  composing  (his  part 
arc,  the  great  or  first  wheel,  moved  by  the  weight  or  spring  at 
the  barrel,  in  sixteen  or  thirty  hour  clocks ; this  has  usually 
pins, and  is  called  the  pin-wheei:  in  eight-day  pieces  the  second 
wheel  is  commonly  the  pin-wheel  or  striking-wheel,  which  is 
moved  by  the  former.  Next  to  the  striking-wheel  is  the  detent- 
wheel,  or  boop-wbeel,  having  a hoop  almost  round  it,  wherein 
is  a vacancy  at  which  the  clock  locks.  The  next  is  the  third 
or  fourth  wheel,  according  to  its  distance  from  the  rest,  called 
the  vttrning-tckeei.  The  last  is  the  Hying  pinion,  with  a fly  or 
fan.  to  gather  air,  and  so  bridle  the  rapidity  of  the  clock's 
motion.  To  these  must  be  ndded  the  pinion  of  report,  which  j 
drives  round  the  locking- wheel,  called  also  the  count -w-Ae el, 
ordinarily  with  eleven  notches  in  it,  unequally  distant,  to  make 
the  clock  strike  the  hours.  Uesidrs  the  wheels,  to  the  clock 

ftart  belongs  the  rash  or  ratch  ; a kind  of  wheel  with  twelve 
arge  fangs,  running  conecntrical  to  the  dial-wheel,  and  serving 
to  Ufl  up  the  detents  every  hour,  and  make  the  clock  strike ; 
the  detents  or  stops,  which  being  lifted  up  and  let  fall,  lock 
and  unlock  the  clock  in  striking ; the  hamnn-r,  which  strikes 
the  bell ; the  hammer  tails,  by  which  the  striking  pins  draw 
back  the  hammers ; latches,  whereby  the  work  is  lifted  up  and 
unlocked ; and  lifting-pieces,  which  lift  up  and  unlock  the 
detents.— For  the  other  parts  of  a clock,  tec  Balance,  Pendu- 
lum, and  Scapemfnt. 

J.  H.  G.  Dyar,  of  Vermont,  in  America,  has  invented  a clock, 
the  principles  and  movements  of  which  entirely  differ  from  those 
at  present  in  use.  The  pendulum  moves  in  a cycloidal  arch,  and 
performs  long  and  short  vibrations  in  equal  times;  while  the 
pendulum  of  the  common  clock  swings  in  the  arc  of  a circle, 
making  unequal  vibrations  in  unequal  times.  In  other  respects 
its  construction  is  peculiar ; the  hammer,  which  is  balanced  and 
tarns  on  a pivot,  strikes  the  internal  limb  of  the  bell ; and  the 
machinery  of  the  whole  is  surprisingly  simple,  but  two  wheels 


being  required  to  continue  the  operation  of  eight  days,  without 
reoewing  the  power:  three  wheels,  it  is  said,  will  do  this  for  a 
year  ; and  four,  we  are  told,  will  perpetuate  the  motion  for  a 
century.  They  may  be  seen  at  some  of  the  elockmaker*  in 
London. 

Prior's  contrivance  for  the  striking  part  of  a eight  day  dock, 
consists  of  a wheel,  on  the  face  of  which  are  cut  six  turns  of  a 
spiral  line  for  counting  the  hours  ; the  pins  below  this  spiral 
elevate  the  hammer,  and  those  above  are  for  the  use  of  the 
detent.  This  single  wheel  serves  the  purpose  of  count-wheel, 
pin-wheel,  detent-wheel,  and  the  fly-wheel,  and  has  six  revo- 
lutions in  striking  the  12  hours.  The  flies  of  clocks  turn  round, 
at  a mean,  above  sixty  tiroes  for  every  knock  of  the  hammer, 
but  this  turns  round  only  three  times  for  the  same  purpose  ; 
and  suppose  the  pivots  were  of  equal  diameters,  the  influence 
of  oil  on  them  would  be  as  the  number  of  revolutions  in  each. 

In  some  parts  of  the  kingdom,  Glasgow  to  wit,  the  dials  of 
public  clocks  have  been  illuminated  by  gas;  and  certainly 
nothing  is  more  necessary  than  this  addition  to  our  night 
watch.  A dial'plnte  might  be  made  to  revolve  on  the  axis  of 
the  fixed  dial.  The  figures  shewing  the  hours  being  cut  in 
contrary  succession,  and  the  span  illuminated  by  a strong 
gas  light. 

One  on  the  following  plan  might  be  adopted,  exactly  as  it  has 
been  suggested  by  the  editor  of  the  “ Register  of  the  Arte  autl 
Scienctt."  A is  the  dial-plate  of  a common  clock,  with  the 
hours,  &c.  marked  upon  it, 
as  usual ; B is  (he  proposed 
addition  to  it,  for  the  pur- 
pose of  exhibiting  the  time 
distinctly  during  the  night; 
C is  a light  cog-wheel, 
placed  immediately  behind 
the  day  dial,  having  its 
centre  fitted  in  the  arbor  of 
the  hour-hand,  and  revolv- 
ing with  it.  The  night  dial  B 
wc  propose  to  be  made  of  a 
plate  of  glass,  w ilh  the  hours 
painted  upon  it  in  black,  and 
to  revolve  on  an  axis  In  its 
centre.  The  index,  repre- 
sented by  an  arrow,  is  fixed. 
The  periphery  of  the  glass 
plate  is  encompassed  by  a 
rim  or  brass,  having  cogs  in 
Its  outer  edge,  which  tit  into 
the  cogs  of  the  wheel  C;  consequently  they  move  together; 
and  being  of  equal  diameters,  they  perform  their  revolutions  in 
equal  time.  The  time  represented  in  our  engraving  is  a quar- 
ter past  ten  ; when  the  hour-hand  has  moved  on  to  XI,  (for 
instance.)  the  transparent  dial  B will  have  moved  an  equal 
space  past  the  fixed  index,  and  denote  the  same  precise  time 
Both  dials  must,  by  this  simple  contrivance,  invariably  agree 
in  tbeir  respective  indications  of  the  time.  During  the  day 
the  time  is  observed  on  the  large  dial,  as  usual ; amt  at  night 
a lighted  lamp  placed  behind  the  transparent  dial  will  always 
exhibit  the  time  as  distinctly. 

CLOSE  H AULED,  the  arrangement  or  trim  of  a ship’s  sails 
when  she  endeavours  to  make  a progress  in  the  nearest  direc- 
tion possible  towards  that  point  of  the  compass  from  which  Un- 
wind blows ; in  this  manner  of  sailinr,  the  keel  of  square-rigged 
vessels  commonly  makes  an  angle  of  six  points  w ith  the  line  of 
the  wind,  but  cutters,  luggers,  and  other  fore-and-aft  rigged 
vessels,  will  sail  much  nearer.  All  vessels,  indeed,  are  sup- 
posed to  mnko  nearly  a point  of  Ice-way  when  close-hauled, 
even  when  they  have  the  advantage  of  a good  sailing  breeze 
and  smooth  water.  The  angle  of  the  lee  way,  however,  enlarges 
in  proportion  to  the  increase  of  the  wind  and  sen.  In  this  dis- 
position of  the  sails  they  are  all  extended  sideway  s on  the  ship, 
so  that  the  wind,  as  it  crosses  the  ship  obliquely  towards  the 
stern  from  forwards,  may  fill  their  cavities.  But  as  the  current 
of  wind  also  unites  the  cavities  of  the  sails  in  an  oblique  direc- 
tion. the  effort  of  it.  to  make  the  ship  advance,  is  considerably 
diminished  : she  will,  therefore,  make  the  least  progress  when 
sailing  in  this  manner.  The  ship  is  said  to  be  close-hauled. 
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because  at  this  time  her  tacks,  or  lower  corners  of  the  princi-  ; 
pal  sails,  are  drawn  close  down  to  her  side  to  windward;  the 
sheets  hauled  close  aft ; and  all  the  bowlines  drawn  to  their  ’ 
greatest  extension,  in  order  to  keep  the  sails  ready. 

CLOSE  QUARTERS,  certain  strong  barriers  of  wood  • 
stretching  across  a merchant  ship,  in  several  places ; they  arc 
used  as  a place  of  retreat  when  a ship  is  boarded  by  her  adver- 
sary, and  arc  therefore  fitted  with  loop-holes  through  which  to  j 
fire  the  small  anus  ; they  are  likewise  furnished  with  caissons,  i 
or  powder-chests,  fixed  upon  the  deck,  which  may  be  fired  at 
any  time  from  the  close  quarters  upon  the  boarders.  An 
English  merchant  ship  of  16  guns,  by  being  properly  fitted  with 
close  quarters,  has  been  known  to  defeat  the  united  efforts  of 
three  French  privateers  who  boarded  her,  after  having  engaged 
at  some  distance  nearly  a day  and  a half,  with  very  few  inter- 
vals of  rest  Two  of  the  cruisers  were  equipped  with  12  guns 
each,  and  the  other  with  8.  The  French  sailors  were,  after 
boarding,  so  much  exposed  to  the  continued  fire  of  musketry, 
and  cohorns  charged  with  grenadocs.  that  a dreadful  scene  of 
carnage  ensued,  in  which  the  decks  were  soon  covered  with  the 
dead  bodies  of  the  enemy,  several  of  which  the  boarders,  In 
their  hurry  to  escape,  had  left  behind. 

CLOUD,  a visible  aggregate  of  minute  drops  of  water  sus- 
pended in  tbo  atmosphere.  The  same  aggregate,  which  in  this 
situation  is  called  a cloud,  obtains  the  name  of  mist,  when  seen 
to  arise  from  the  earth  or  waters;  and  fog,  when  it  envelopes 
and  covers  the  observer.  Yet  the  two  latter,  viewed  from  a 
greater  distance  or  elevation,  present  all  the  appearances  of 
clouds  ; while  those,  in  their  turn,  become  mists  and  fogs,  in 
proportion  as  we  approach  and  penetrate  them.  It  is  con- 
cluded, from  numerous  observations,  that  the  particles  of  which 
a cloud  consists,  are  always  more  or  less  electrified  ; and  this 
fluid  has  hence  been  considered  as  the  cause  of  the  formation 
of  all  clouds  whatever,  whether  of  thunder,  hail,  rain,  or  snow. 
See  Meteor. 

The  hypothesis  which  assumes  the  existence  of  vesicular 
vapour,  and  makes  the  particles  of  clouds  to  be  hollow  spheres, 
which  unite  and  descend  in  rain  when  ruptured,  however  sanc- 
tioned by  the  authority  of  several  eminent  philosophers,  does 
not  seem  necessary  to  the  science  of  meteorology  in  its  present 
state ; it  being  evident  that  the  buoyanoy  of  the  particles  is 
not  more  perfect  titan  it  ought  to  be,  if  we  regard  them  as  mere 
drops  of  water.  In  fact,  they  always  descend,  and  the 
water  is  elevated  again  only  by  being  converted  into  invisible 
vapour. 

The  height  of  the  donds  is  supposed  to  be  from  abont  a 
quarter  of  a mile  to  a mile.  It  is  common  for  persons  by 
climbing  very  high  mountains,  to  get  above  the  clouds,  and  see 
them  swim  beneath  them.  The  wonderful  variety  in  the  colour 
of  the  douds  is  owing  to  their  particular  situation  with  regard 
to  the  sun,  and  tire  different  reilectiona  of  his  light.  The  dif- 
ferent figures  of  tho  clouds  result  from  their  loose  and  volnhle 
texture,  revolving  into  any  form  according  to  the  varied  force 
of  the  winds.  Those  small  clouds,  sometimes  seen  very  high, 
and  heaped  upon  one  another,  presage  rain  very  soon.  When 
the  horizon,  at  the  rising  or  setting  of  the  sun,  appears  pale 
and  yellowish,  it  is  a sign  of  the  air  being  full  of  vapours,  and 
threatens  bad  weather.  But  when  it  is  of  a light  red  at  those 
times,  there  are  bat  few  vapours  in  the  air,  and  fine  weather 
may  be  expected.  The  quantity  of  vapour  evaporated  at  any 
degree  of  heat  or  wind,  depends  on  the  quantity  of  vapour 
already  in  the  atmosphere. 

COAL,  a solid  inflammable  substance  commonly  used  for 
fuel.  There  are  various  species,  1.  Pit  Coal,  is  a black,  com- 
pact, brittle  mass,  which,  according  to  Kirwan,  consists  of* 
petrol  or  asphaltum  mixed  with  argillaceous  earth : seldom  with 
calcareous  ; and  frequently  also  with  pyrites.  3.  Culm  Coal , 
this  ha*  a greater  portion  of  argillaceous  earth  and  vitriolic 
acid,  with  a moderate  portion  of  petrol.  It  burns  with  a flame 
without  being  consumed.  3.  Slate  Coal,  contains  so  much 
earth,  that  it  looks  like  common  slate;  but  burns  with  a flame. 
There  are  large  quarries  of  it  at  Purbeck,  in  Dorsetshire.  4. 
Cannel  Coal,  or  ampelites,  is  of  a dull  black  colour,  and  barns 
with  a bright  flame,  but  is  apt  to  fly  to  pieces  in  the  fire.  This 
kind  is  used  for  making  various  toys,  which  appear  like  jet. 
6.  Kilkenny  Coal , is  the  lightest  of  all,  and  contains  the  largest 


quantity  of  asphaltum  ; burns  with  less  smoke  and  flame,  and 
more  intensely,  though  more  slowly,  than  cannel  coal.  6 Sul- 
phuront  Coal,  has  a considerable  portion  of  pyrites,  whence  it 
is  apt  to  moulder  and  break  when  exposed  to  the  air,  after 
which  water  will  act  upon  it.  There  are  in  it  yellow  spot* 
resembling  metal.  7.  Jtlovey  Coal,  is  of  a dark  brown  colour, 
and  of  a yellow  lamina  and  texture.  The  lamins  are  flexible 
when  first  dug,  but  harden  when  exposed  to  the  air.  It  con- 
sists of  wood  penetrated  with  petrol  or  bitumeo,  and  freqaeutlv 
contains  pyrites,  alum.  &c.  8.  Jet.  This  substance  is  found 
in  France.  Spain,  Germany,  Britain,  and  other  countries.  It 
is  found  in  detached  kidney-formed  masses  of  various  lises, 
and  is  of  a very  deep  glossy  black  colour,  opaque  and  hard. 

Coal,  Small,  a sort  of  charcoal  prepared  from  the  spray  and 
brush-wood  stripped  off  from  the  branches  of  coppice  wood, 
sometimes  formed  in  bavins  for  that  purpose,  and  sometimes 
charred  without  binding.  It  is  used  by  artificers  to  temper 
and  anneal  their  works. 

COAL  GAS,  is  of  the  highest  importance,  from  the  bcautifa' 
light  which  it  yields.  When  coals  are  burning  on  the  fire,  we 
see  the  stream  shooting  out,  and  inflaming  when  a light  is 
held  near  it:  this  is  coal  gas.  To  obtain  gas,  the  coals  are 
enclosed  in  iron  retorts,  which  are  heated  red-hot ; the  ooal  is 
literally  dissolved,  and  the  gas  rising  up  in  the  retort,  is  made 
to  pass  through  water  and  other  substances,  to  free  it  from 
impurities.  It  is  collected  in  a gasometer,  from  which  it  is 
transmitted  by  pipes  to  whatever  distance  it  may  be  required, 
with  the  same  facility  as  if  it  were  water  from  a reservoir; 
indeed,  with  greater  ease,  as  the  level  of  a reservoir  of  water 
must  always  be  higher  than  the  place  to  which  water  is  con- 
ducted ; but  from  the  buoyancy  and  lightness  of  gas,  it  will 
ascend  to  any  height  to  which  it  may  be  desirable  to  con- 
duct it.  The  gas  produced  from  coal  is  chiefly  tho  carbu- 
retted  hydrogen  gas.  which  consists  of  carbon  and  hydrogen, 
chemically  combined.  This  is,  however,  by  no  means  in  a state 
of  purity,  bat  is  only  the  predominant  gas  in  the  mixture. 

COASTING,  is  that  part  of  navigation  which  Is  carried  on 
near  the  coast  or  shore,  without  losing  sight  of  land,  except 
occasionally  for  a short  period. 

COAT  of  Akms,  in  Heraldry,  was  a habit  worn  by  the 
ancient  knights,  over  their  armour,  reaching  as  low  ns  their 
navel.  The  term  is  nsed  for  the  hearing  of  a person  or  family. 

COATING,  the  application  of  clay  or  some  other  substance 
about  a glass  vessel,  to  keep  it  from  breaking  by  the  violence 
of  the  fire. 

COBALT,  in  Chemistry,  n metal,  when  pare,  of  a white 
colour,  ioclining  to  bluish  or  steel  gray.  At  the  common  tem- 
perntnre  its  specific  gravity  is  more  than  8*5.  It  is  attracted 
by  the  magnetic  needle,  and  is  itself  capable  of  polarity.  For 
fusion,  it  requires  nearly  the  same  intensity  of  heat  as  cast  iron. 
Cobalt  ocours  in  nature  alloyed  with  other  metals,  and  mine- 
ralised by  oxygen,  and  by  arsenic  acid.  The  white  cobalt 
ore  is  an  alloy  of  cobalt  and  arsenic,  with  a little  sulphur,  trod 
in  some  specimens  a little  iron,  the  two  latter  being  probably 
accidental.  Tbc  gray  cobalt  ore,  as  it  has  been  named,  is  an 
alloy  of  cobalt  with  arsenic  and  iron;  sometimes,  also,  as 
has  been  affirmed,  with  small  portions  of  nickel  and  bismuth. 

Cobalt  combines  with  many  of  the  metals.  Its  alloys  are 
generally  brittle,  and  none  of  them  have  been  applied  to  anv 
use;  nor  have  they  been  much  examined.  The  principal,  or 
indeed  almost  the  sole  use  of  cobalt,  is  in  communicating  n 
blue  colour  to  glass,  enamel,  and  porcelain.  Smalt  and  azure 
bine  are  merely  cobaltio  glass  in  fine  powder.  Zaffre  is  a flint 
powder,  and  an  impure  oxide  of  cobalt  prepared  by  calcination 
of  the  ores. 

COBITIS,  the  Louche,  a genus  of  fishes,  of  the  order  of 
abdominales,  of  which  there  are  five  species,  natives  of  the 
rivers  in  Europe.  The  loachc  generally  keeps  at  the  bottom  on 
the  gravel,  whence  it  is  called  the  groundling. 

COBOOSE,  the  place  where  the  victuals  are  cooked  on  board 
merchant  ships. 

COCCULUS  INDICUS,  a poisonous  berry,  too  frequently 
mixed  with  malt  liquors  to  make  them  intoxicating.  It  is  the 
fruit  of  the  monospermum  cocculas. 

COCCUS,  a genus  of  insects  belonging  to  toe  order  of 
hemiptera.  The  coccus  cacti,  a native  of  the  warmer  parts  of 


17fi 


COD 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


COO 


America,  is  the  famous  cochineal  animal.  The  female,  which 
alone  is  valuable  for  its  colour,  is  slothful  ami  ill-shaped.  The 
male  is  scarce,  and  sufficient  for  three  hundred  females.  It  is 
small,  slender,  and  active.  The  cochineal  insect  resembles 
the  silkworm  in  the  manner  of  deposiliug  its  eggs.  The  insects 
destined  for  this  purpose  arc  taken  and  put  into  a box  lined 
with  a coarse  cloth,  where  they  lay  their  eggs,  and  then  die. 
The  box  is  kept  close  shut  till  the  time  of  placing  the  egg  on  the 
foliage  of  the  cactus  cochenilifcr  or  Indian  tig,  called  by  the 
Spaniard*  nopal.  At  Oaxaca,  in  Mexico,  the  cochineal  insect* 
are  gathered  in  large  quantities,  and  the  cultivation  of  them  is 
the  employment  of  the  Indians.  In  trade  there  are  four  sorts  of 
cochineal  - mastique,  campeschane.  tctraschalc.  and  Sylvester. 
The  first  is  the  best,  and  the  last  the  worst.  The  cochineal  is 
cstocmcd  in  medicine  as  a cordial,  sudorific,  and  febrifuge;  but 
it  is  chiefly  used  byr  dyers  and  painters.  Coccus  lacca,  or 
gum  lac  animal,  is  a native  of  the  Hast  Indies.  This  species 
fix  themselves  upon  the  succulent  extremities  of  the  young 
branches  of  the  trees  they  inhabit,  and  are  as  it  were  glued 
thereto  by  a red  liquid,  which  gradually  accumulating,  forms  a 
complete  cell,  and  i*  what  is  called  gum  lac.  Out  of  this  pro- 
ceed the  young  insects,  leaving  the  exuviae  behind,  which  is 
that  white  membranous  substance  found  in  the  cells  of  the  stick 
lac.  The  gum  lac  brought  to  this  country  is  principally  found 
on  the  mountains  on  both  sides  the  Ganges,  and  is  of  a deep 
red  colour.  Coccus  Polouicus,  or  the  scarlet  grain  of  Poland, 
is  usually  met  with  at  the  root  of  the  plant  called  polygonum 
eoccifcrum. 

COCHINEAL,  was  nt  first  supposed  to  he  a grain,  which 
name  it  still  retains  by  wav  of  eminence  among  dyers,  but 
naturalists  soon  discovered  that  it  was  an  insect,  a species  of 
the  coccus.  Fine  cochineal,  which  has  been  well  dried  and 

roper  ly  kept,  ought  to  he  of  a gray  colour  inclining  to  purple. 

he  gray  is  owing  to  a powder  which  covers  it  naturally,  a part 
of  which  it  still  retains:  the  purple  tinge  proceeds  from  the 
colour  extracted  by  the  water  in  which  it  has  been  killed. 
Cochineal  will  keep  a long  time  in  a dry  place.  Hellot  says, 
that  he  tried  some  \M  years  old,  and  found  it  to  produce 
the  same  effect  as  new. 

COCHLEA,  the  same  as  screw : being  thus  called  in  conse- 
quence of  its  resemblance  to  the  spiral  shell  of  a snail,  called 
by  the  Latins  eoehlea. 

COCKBOAT,  a small  boat  used  on  rivers  near  the  shore. 
In  ancient  days  a cock  was  the  general  name  of  a yawl. 

COCKPIT,  in  a ship,  is  near  the  apartments  of  the  surgeon 
and  his  mates,  being  the  place  where  the  wounded  men  arc 
dressed.  It  is  situated  near  the  after  hatchway,  and  under  the 
lower  gun-deck. 

Fore  Cocilpit,  a place  leading  to  the  magazine  passage,  and 
the  boatswain's,  gunner's,  and  carpenter's  store  rooms  ; in 
large  ships,  and  during  war  time,  the  boatswain  and  carpenter 
generally  have  their  cabins  in  the  fore  cockpit,  instead  of 
being  under  the  forecastle. 

COCOS,  in  Botany,  a genus  belonging  to  the  natural  order 
of  palmar,  and  of  the  monocria  hexandria  class.  There  are 
five  species.  The  priocipal  is,  cocos  nucifcra,  or  cocoa-nut 
tree.  It  frequently  grows  to  the  height  of  sixty  feet,  and  is 
smaller  in  the  middle  than  at  top  and  bottom.  Owing  to  the 
load  of  nuts  which  it  bears,  it  leans  to  one  side.  The  colour  is 
of  a pale  brow  n,  and  the  bark  smooth.  The  leaves  are  often 
fourteen  or  fifteen  feet  long,  and  about  twenty-eight  in  num- 
ber. The  nuts  hang  at  the  top  of  the  trunk  in  clusters  of  a 
dozen  each.  The  nut  has,  next  the  stem,  three  holes  closely 
stopped.  When  the  kernei  begins  to  grow,  it  incrusts  the  inside 
with  a substance  like  jelly  ; this  hardens  and  increases  till  it 
becomes  while.  The  quantity  of  liquor  in  a full-grown  nut  is 
about  a pint,  and  is  pleasant  to  the  taste.  The  husky  tegu- 
ment of  the  nut  consists  of  tough,  stringy  filaments,  like  coarse 
oakum.  The  leaves  aro  made  into  brooms,  mats,  sacks,  and 
other  useful  articles. 

CODE,  a collection  of  the  laws  and  constitutions  of  the 
Homan  emperors,  made  by  order  of  Justinian. 

CODEX,  a book  or  tablet,  used  by  the  ancients. 

CODICIL,  a writing,  added  by  way  of  supplement  when  a 
tiling  has  been  omitted,  that  the  testator  wishes  to  appear  in 
his  last  will. 


CO-EFFICIENTS,  in  Algebra,  are  numbers  or  letters  pro- 
fixed  to  other  letters,  or  unknown  quantities,  into  which  they 
arc  supposed  to  be  multiplied  ; and,  therefore,  with  such  letters, 
or  the  quantities  represented  by  them,  making  a product,  or 
co-eflirient  product.  See  AlcI'KR*. 

COFFEA,  or  the  COPPEI  Turk,  a genus  of  the  inonogynia 
order,  in  the  pcnlandiia  class  of  plants,  ranking  in  the  natural 
method  under  the  47th  order  stellatae.  There  are  10  species, 
the  principal  of  which  is  a native  of  Arabia  Felix,  which  rise* 
about  lfi  or  18  feet  in  bright : the  main  stem  growing  upright, 
is  covered  with  a light  brown  bark ; the  branches  are  produced 
horizontally  and  opposite,  crossing  each  other  at  every  joint. 
The  leaves  also  stand  opposite,  and  when  full  grown,  arc  about 
four  or  five  inches  long,  and  two  broad  in  the  middle,  decreas- 
ing towards  each  end : the  bodies  are  waved,  and  the  surface 
is  of  a lucid  green.  The  flowers,  which  are  w hite,  are  produced 
in  clusters  at  the  root  of  the  leaves,  sitting  close  to  the  branches. 
The  fruit  resembles  a cherry.  It  grows  in  clusters  along  the 
branches,  under  the  axilla*  of  the  leaves.  It  is  at  first  of  a green 
colour,  and  when  of  u deep  red,  is  gathered  for  use.  The 
coffee  tree  is  cultivated  in  Arabia.  Persia,  the  East  Indies,  and 
America.  It  is  also  raised  in  botanic  gardens,  in  several 
parts  of  Europe.  Coflee  is  said  to  assist  digestion,  and  in 
good  in  relieving  the  headache:  and  for  very  weak  constitu- 
tions, should  be  drank  immediately  after  dinner.  It  is  taken 
in  large  quantities  by  the  Turks  and  Arabs. 

COFFER,  in  Fortification,  is  a hollow  lodgment  across  a dry 
raout,  on  which  are  raised  pieces  of  timber,  and  hurdles  filled 
with  earth,  serving  as  a parapet  with  embrasures.  The  use 
is  for  the  besieged  to  defend  the  ditch,  and  to  repulse  the 
besiegers. 

COFFER  DAM,  a term  applied  liv  engineers  to  denote  the 
enclosures  formed  for  laying  the  foundation  of  piers  and  other 
works  in  water,  to  exclude  the  surrounding  fluid,  and  thus 
forming  a protection  both  to  the  work  and  workmen. 

COGNATION,  in  Civil  Law.  a term  for  that  line  of  consan- 
guinity between  males  and  females,  both  descended  from  one 
father. 

COGNISOR,  in  Law,  one  that  passetb  or  acknowledge!!!  a 
fine  of  lands  or  tenements  to  another. 

COGNOVIT  Actionf.m,  in  Law,  is  an  acknowledgment  by  a 
defendant,  or  confession,  that  the  plaintiff's  cause  of  action  is 
just,  and  therefore  suffers  judgment  to  go  against  him. 

COG  WHEEL.  Wheels  acting  upon  each  other  are  the  in- 
struments by  which  the  transmission  of  mechanic  force  from  one 
part  of  a system  of  machinery  to  another  is  commonly  and  con- 
veniently effected.  The  due  connexion  of  the  moving  parts  is 
accomplished  either  by  the  mutual  action  of  properly  formed 
teeth,  in  some  instances  called  Cage,  by  straps  or  endless  bands, 
or,  by  the  friction  of  one  face  of  a wheel  against  another. 

Among  the  ingenious  inventions  of  the  present  day,  for  the 
communication  of  motion  in  machines,  in  lieu  of  the  ordinary 
cog  or  toothed  wheels,  the  invention  of  Lewis  Gompertz,  Esq. 
of  the  Kenningtou  Oval.  Surry,  is  so  perfectly  original  as  to 
require  the  most  extensive  publicity.  The  following  is  its  de- 
scription in  the  words  of  the  inventor's  specification  of  the 
patent  which  he  obtained  for  this  improvement  in  the  arts, 
dated  April  27th,  1814. 

“One  of  the  wheels  I call  the  pin  wheel,  because  it  is  provid- 
ed with  pins,  marked  B C D E.  sec  Plate,  figs.  1, 2,  and  5.  which 
pins  may  be  furnished  with  friction  rollers,  and  which  project 
perpendicularly  from  its  plane,  and  communicate  motion  to  the 
other  wheel,  called  the  curve  wheel,  (or  vie*  versa,)  by  entering 
curved  grooves  G H I K,  made  in  the  surface  of  it,  as  shewn  in 
the  perspective  view.  fig.  6.  The  axes,  and  consequently  tbe 
planes  of  the  two  wheels,  are  so  inclined  to  each  other,  that 
the  ends  of  the  pins  B C are  beneath  ihe  surface  of  the  curve 
wheel,  and  therefore  enter  into  the  grooves.  But,  in  conse- 
quence of  the  inclination  of  the  wheels  as  the  pins  approach 
the  point  I),  or  come  to  the  line  between  the  centre  of  the 
wheels,  their  ends  come  to  tbe  surface  of  the  wheel,  so  as  to 
leave  the  grooves;  and  as  they  proceed  towards  K,  they  are  so 
completely  above  the  wheel  as  to  pass  over  without  touching 
it  The  manner  of  action  is  this:  the  pin  C is  engaged  in  tho 
groove  G,  and  the  pin  B is  on  the  point  of  entering  H ; by  the 
revolution  of  tbe  pin  wheel  its  pins  B and  C act  in  the  grooves. 
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and  prefixing  in  their  carves,  turn  the  curve  wheel  round  upon 
its  centre;  and  as  the  pins  in  succession  quit  the  grooves  in 
the  same  manner  as  the  pin  D is  supposed  to  have  quitted  the 
groove  K,  the  other  pius  very  soon  after  enter  the  next  groove 
but  one,  in  the  same  manner  as  B is  entering  into  H,  and  by 
this  means,  before  any  pin  leaves  its  groove,  the  succeeding 
pin  has  just  entered,  and  a constant  action  of  the  pins  in  the 
groove  is  kept  up.  The  law  of  the  action  depends  upon  the 
nature  of  the  curves,  which  may  be  varied  at  pleasure,  so  that 
they  will  turn  each  other  with  an  equal  velocity,  and  with  a 
perfect  regular  motion;  or  by  an  irregular  one,  or  the  curves 
may  be  made  to  turn  with  twice  or  three  times  the  velocity,  or 
in  almost  any  ratio  required,  also  to  turn  each  other  in  either 
direction;  thus,  in  figs.  1 and  6,  both  the  wheels  tarn  round  in 
the  same  direction  ns  shewn  by  the  arrows,  bat  in  fig.  2 the 
grooves  are  differently  curved,  and  they  turn  contrary  ways  to 
each  other.  A manner  of  finding  the  curves  for  these  grooves 
is  explained  in  fig.  4.  First  describe  the  circle  F /,  for  the 
size  of  the  eurve  wheel;  then  draw  a circle,  A B C D,  for  the 
pin  wheel,  and  divide  it  into  the  number  of  pins  it  is  intended 
to  have,  for  example  twelve;  subdivide  the  spaces  between 
each  of  the  pins  D C and  C B into  any  number,  eight  for  ex- 
ample, and  figure  the  divisions,  as  shewn  next;  on  the  centre 
F draw  a circle  through  each  of  the  said  divisions,  also  a circle 
ART  passing  through  the  centre  of  the  pin  wheel.  Now, 
divide  (be  circumference  of  this  circle  into  as  many  parts  as 
the  wheel  is  to  have  curves,  this  will  depend  upon  the  ratio 
the  velocities  of  the  wheels  are  to  bear  to  each  other;  thus,  if 
it  is  to  turn  twice  for  once  of  the  pin  wheel,  there  must  be  half 
as  many  curves  as  there  are  pins;  therefore  in  the  drawing, 
the  circle  A K T is  to  be  divided  into  6,  and  each  sixth  is  sub- 
divided into  ns  many  equal  paxls  as  the  spaces  C and  D were 
n'?.  eight.  These  spaces  are  to  be  numbered  as  shewn.  Wiih 
this  preparation  proceed  to  set  out  the  curves,  by  taking  the 
radius  A D in  the  compasses,  and  setting  one  point  in  the  divi- 
sion marked  3,  between  T and  A ; make  a mark  at  , upon  the  j 
external  circle,  also  numbered  3,  towards  that  side  where  the 
curve  wheel  is  to  be  elevated,  (by  side,  is  not  meant  side  of  the  : 
wheel,  bat  side  of  the  position  of  the  wheel,  or  of  absolute 
space,  as  the  wheel  changes  in  turning,  and  what  is  high  in  one 
instanco  is  low  in  the  next.)  because  it  passes  through  the  divi-  : 
»ion  3,  between  B and  C.  This  mark  will  be  the  first  point  of 
one  of  the  curves.  Then,  from  the  division  4.  mark  the  circle 
4 for  tire  second  point;  next  from  tire  point  6 to  the  circle  5; 
and  so  on  through  the  whole  number  of  circles.  This  will  find 
a number  of  points,  forming  a curve  O C z,  which  will  be  the 
centre  line  of  the  intended  groove.  And  to  find  it*  breadth, 
discribc  small  circles  round  each  of  these  points,  rather  larger 
limn  the’ pins,  as  drawn.  The  edges  of  the  grooves  may  then  j 
be  drawn  ns  tangents  to  these  circles.  The  succeeding  curves  | 
II  and  I are  found  in  exactly  the  same  manner  from  the  suc- 
ceeding aivisions  on  the  great  circle,  beginning  on  the  division 
3.  between  A K,  and  so  on  all  round.  On  the  opposite  side  of 
the  circle  are  shewn  curves  g h i,  proper  for  giving  the  curve 
wheel  aa  equal  velocity  with  the  pin  wheel,  and  there  will 
therefore  be  twelve  of  these  curves  in  the  whole.  The  prepa- 
ration is  exactly  the  same,  but  the  great  circle  instead  of  six 
is  divided  into  twelve,  as  at  the  points  a r and  f,  and  each  of 
these  arc  subdivided  into  eight  (or  the  same  number  as  between 
d and  C ;)  then  the  corves  are  set  out  from  these  points  exactly 
as  before:  in  both  these  cases  the  wheels  are  considered  a* 
revolving  in  the  same  direction,  as  shewn  by  the  arrows  figs.  1 
and  5.  If  it  is  required  that  they  should  turn  each  other  iu 
opposite  directions,  the  carves  must  be  reversed,  as  shewn  in 
fig.  2.  To  set  out  these  corves,  the  same  lines  and  division* 
as  in  fig.  4 are  used;  but  tbe  division  between  T A and  A R 
must  be  figured  the  contrary  way,  namely,  beginning  at  R and 
roceediug  to  A;  then  setting  one  foot  of  the  compasses  at  5, 
etwera  A and  R.  and  the  other  leg  in  the  first  circle  (marked 
3)  towards  that  side  where  it  is  meant  to  be  elevated,  and  as 
one  leg  is  moved  towards  T,  move  the  other  leg  towards  the 
centre;  and  for  tho  next  curve  begin  with  the  next  same  num- 
ber towards  T,  and  so  on,  and  mark  as  before.  A reverse 
curve  will  here  be  produced,  as  shewn  dotted  at  / C m,  and  a 
wheel,  constructed  with  these  curves,  as  in  fig.  2,  will  turn  in 
a contrary  direction  to  the  pin  wheel,  as  shewn  by  the  arrows. 
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“Fig.  3 represents  a curve  wheel,  with  six  carves,  which 
therefore  revolve  twice  for  once  of  the  pin  wheel ; but  the  curves 
are  so  arranged,  that  for  two-thirds  of  its  revolution  the  curve 
wheel  revolves  at  the  rate  of  four  to  one  of  the  pin  wheel,  vis. 
while  the  pins  ore  acting  in  the  curves  G and  K.  the  four  re- 
maining curves  ILM  H are  close  together,  and  the  action  of 
the  pin*,  when  in  them,  only  advances  the  curve  wheel  double 
the  space  of  the  pin  wheel;  but  the  motion  of  the  curve  wheel, 
even  while  the  pin*  are  acting  in  these  grooves,  may  be  mado 
irregular,  to  almost  any  required  law;  thus,  at  the  external 
parts  I L M,  where  the  pins  first  enter,  the  grooves  are  curved 
the  same  as  fig. 2,  and  therefore  tbe  pins  will  in  these  positions 
turn  the  curve  wheel  twice  as  fast  as  they  move  themselves, 
but  on  entering  and  moving  through  the  returned  parts  i l m of 
the  curves,  the  pin  communicates  a recoiling  motion  to  the 
curve  wheel,  which  continues  till  the  pin  enters  the  last  por- 
tions t r u\  and  at  the  same  time  a succeeding  pin  enters  the 
next  curve ; this  again  actuates  the  curve  wheel,  as  in  the  first 
instance. 

“This  wheel  is  set  out  on  tbe  same  principle  as  the  others, 
see  fig.  6,  w hich  is  prepared  exactly  as  before,  except  the  divid- 
ing of  the  gicat  circle,  which  mast  in  all  cases  be  done  accord- 
ing to  tbe  motion  the  curve  wheel  is  intended  to  have  given  to 
it;  in  the  present  instance  it  is  first  divided  in  3, at  AKS,  and 
each  of  these  subdivided  into  eight;  then  from  No.  3,  between 
R and  A.  mark  on  the  outside  circle  3;  from  4 to  the  circle  4; 
and  so  on  till  the  curve  G is  brought  as  far  as  the  next  circle 
marked  3,  from  which  place  only  move  the  leg  in  the  large  cir- 
cle half  a division;  then  set  out  K.  by  following  the  same  pro- 
cess on  another  part  of  the  great  circle,  excepting  that  the  leg 
in  the  large  circle  is  continually  to  be  moved  a whole  division. 
To  obtain  the  four  other  curves,  take  the  space  from  fig.  3 m 
to  3 q,  which  is  one-third  of  the  whole  circle,  and  divide  it  into 
four,  rix.  at  m » o p q;  then  each  of  these  spaces  being  sub- 
divided into  four,  as  shewn  by  the  figures  40,  60,  and  GO,  pro- 
duce the  curves  thus : begin  at  m,  and  mark  on  the  external  cir 
tie  for  the  first  division  of  II,  then  from  40  mark  on  the  circle  4, 
and  continuing  this  till  six  circles,  towards  the  centre,  are 
marked,  and  the  carve  H is  finished;  this  will  have  brought 
the  compasses  to  one  division  beyond  n;  for  the  returned  part 
A mark  the  two  next  circles  towards  the  centre,  and  by  return- 
ing one  division  for  each  in  the  large  circle,  this  brings  the 
compasses  back  to  GO,  and  advancing  from  that  point,  begin 
the  interior  part  ir.  and  al*o  tbe  part  M of  the  next  curve,  which 
is  completed  by  a repetition  of  the  same  process  on  the  suc- 
ceeding part  of  the  circle,  as  is  likewise  L and  I i;  but  the  in- 
terior end  x of  the  latter  most  be  set  out  from  the  great  divi- 
sions of  the  circle  R S ; thus,  when  the  part  t is  ended  from  60 
next  to  7 3,  advance  the  compasses  to  the  points  4,6,  G.  and  7, 
for  marking  the  successive  circles  till  flee  curve  is  completed. 

“This  is  given  only  as  an  example  of  the  manner  of  making 
a wheel  to  turn  with  any  required  degree  of  irregularity  in  its 
motion;  but  I claim  all  varieties  of  curves  which  may  be  mado 
to  act  on  the  principle  I have  described,  to  communicate  re- 
gular or  irregular  motion  from  tbe  pins  of  a wheel." 

COHESION,  that  species  of  attraction,  which,  uniting  par- 
ticle to  particle,  retains  together  the  component  parts  of  tho 
same  mass ; being  thus  distinguished  from  adAenon,  or  that 
species  of  attraction  which  takes  place  between  the  surfaces  of 
similar  or  dissimilar  bodies. 

Whatever  may  be  the  cause  of  cohesion,  its  effects  are 
evident  and  certain,  and  the  different  degrees  of  it  is  what 
constitute  bodies  of  different  forms  and  properties;  at  least, 
tins  is  the  opinion  of  Sir  Isaac  Newton,  and  other  eminent 
philosophers. 

Various  experiments  have  been  made  by  different  authors,  to 
ascertain  the  power  of  cohesion,  in  bodies  of  different  textures ; 
as  woods,  metals,  glass,  6tc.  These  experiments  have  generally 
been  made  on  cylindiic  bars,  an  inch,  or  certain  parts  of  an 
inch,  in  diameter  ; and  as  it  has  been  proved,  that  the  direct 
cohesive  strength  of  a body  is  in  the  joint  ratio  of  its  primitive 
elasticity,  toughness,  and  area  of  its  section,  it  follows,  that 
having  ascertained  the  cohesive  power  with  any  given  section, 
the  same  may  be  found  for  the  same  substance  for  any  other 
section,  and  thus  the  experiments  of  different  authors  com- 
pared with  each  other. 
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The  following  table  shew#  the  weight*  which  were  necessary 
to  tear  asunder  rods  of  different  substance*,  whose  bases  were 
each  a square  inch,  the  weights  being  applied  In  the  direction 
of  their  length. 


METALS  lb*  Ar'tirdvpoU.  ’ 

WOODS  I Ik.  Arowdipoi*. 

Alder, 13000 

Cost  iron 60100 

Elm 13*200 

Silver,  ditto 41300 

Willow 12600 

Gold,  ditto 22000 

Ash 12000 

Tin,  ditto 4000 

Plum, 11800 

Zinc, 2600 

Fir, 8330 

Antimony 1000 

Lead,  cast, 000 

Pitch,  pine, 7656 

Cypress, 6000 

Poplar, 6600 

Cedar 4830 

Other  experiments  have  been  made  to  ascertain  the  strength 
of  cohesion  in  bodies,  when  placed  horizontally,  and  loaded 
with  weights  in  different  parts;  but  as  wc  shall  have  occasion 
to  return  to  tikis  subject  under  the  article  Strength  of  Mate- 
rial*, we  shall,  in  ibis  place,  merely  state  the  result  of  Muschen- 
b rock’s  experiments  on  a few  of  the  most  common  woods.  Fur 
this  purpose  he  fixed  pieces  of  wood,  by  one  end,  iuto  a square 
hole  in  a metal  plate,  and  hung  weights  towards  the  other  end, 
till  they  broke  at  the  hole.  The  weights,  and  their  distances 
from  the  point  of  support,  arc  shewn  in  the  following  tabic 


WOODS. 

Dm.  la  Inch**. 

Weight  Hi  m. 

Fir, 

40* 

Beech 

7 

56J 

Elm 

44* 

Oak 

84  

Elder, 



In  the  above  table  the  rods  were  rectangular  parallclopipc- 
dons,  and  the  side  of  their  square  section  *'26  of  an  inch. 

Coulomb  found  the  lateral  cohesion  of  brick  and  stone 
only  fa  more  than  the  direct  cohesion ; which,  for  stone,  was 
*216 lb.  for  a square  inch;  for  good  brick,  from  280  to  300.  [ 
Count  Rumford  found  the  cohesive  strength  of  a cylinder  of 
iron,  an  inch  in  diameter,  03400,  or  03173  lb. ; the  mean,  033*20 ; 
which  is  only  fa  more  than  Emerson’s  result.  Sickingen  [ 
makes  the  comparative  cohesive  strength  of  gold,  160056;  of  | 
silver,  190771 ; of  platina,  *202361  ; of  copper,  304696;  of  soft 
iron,  302927 ; of  hard  iron,  569880.  Guyton  makes  platina  a 
little  stronger. 

COILING,  is  a sort  of  serpentine  winding  the  ropes,  by 
which  they  occupy  a small  space,  and  arc  not  liable  to  be 
entangled  amongst  one  another  in  working  the  sails.  Each 
winding  of  this  sort  in  a cable  is  called  a fake,  and  one  range 
of  fakes  is  railed  a tier ; there  are  generally  from  five  to  seven 
fakes  in  a tier,  and  threeor  four  tiers  in  a cable’s  length  : the 
small  ropes  arc  frequently  coiled  by  hand,  and  hong  upon 
cleats  to  prevent  their  being  entangled  amongst  one  another, 
in  traversing,  contracting,  or  extending  the  sails. 

COINING,  the  art  of  making  money,  is  performed  either  by 
the  hammer,  or  the  mill  and  steam-engine.  By  either  of  these 
methods  the  pieces  of  metal  are  stamped  or  struck  with 
punches  or  dies,  on  which  are  engiaven  the  sovereign,  effigies, 
arms,  legend,  flic.  The  puncheon  consists  of  a highly  tempered 
piece  of  steel,  upon  which  the  eoin  is  sunk  in  relievo,  and 
again  upon  the  matrix,  which  is  another  piece  of  steel  some 
four  inches  long,  formed  square  at  the  bottom,  and  rounded  at 
its  top.  The  moulding  of  the  border  and  letters  is  added  on 
the  matrix  with  small  and  sharp  steel  puncheons,  and  when  it 
Is  thus  finished,  it  is  called  the  die.  In  coining  with  the  mill, 
the  bars  or  plates  of  gold  or  silver,  after  having  been  moulded, 
and  taken  out  of  the  mould,  are  scraped  and  brushed,  and 
passed  several  times  through  the  mill  to  flatten  them,  and  bring 
them  to  the  just  thickness  of  the  specie  to  he  coined.  But  the 
plates  of  gold  are  heated  again,  and  quenched  in  water  before 
they  pass  through  the  mill,  which  renders  them  more  dnctile  : 
those  of  silver  pass  the  mill  just  as  they  arc,  without  auy  I 


heating ; and  when  afterwards  heated,  they  are  left  to  cool. 
The  plates  thus  reduced  as  nearly  as  possible  to  their  thick- 
ness,  are  cut  into  round  pieces  the  size  of  the  intended  speoie. 
The  cutting  instrument  has  its  upper  end  formed  into  a screw  ; 
which  being  turned  by  an  iron  handle,  lets  the  steel,  well 
sharpened,  in  form  of  a punch-cutler,  fall  on  the  plates  ; and 
thus  a piece  is  punched  out  These  pieces  are  now  adjusted, 
and  brought,  by  filing  or  rasping,  to  the  weight  of  the  regulated 
standard ; what  remains  of  the  plate  between  the  circles  is 
melted  again.  The  pieces  are  adjusted  in  a fine  balance  ; and 
those  too  light  are  separated  from  those  which  are  too  heavy  ; 
the  first  to  he  again  melted,  and  the  second  to  be  filed  down. 
The  mill  through  which  the  plates  pass  can  never  be  so  just 
but  there  will  be  some  inequality  - 

The  pieces  are  cnllcd  blanks,  and  are  carried  to  the 
blanching  or  wAi/fiuN^-Acnur,  where  the  gold  pieces  have  their 
colour  given  them,  and  the  silver  ones  arc  whitened.  This  is 
done  by  heating  them  in  a furnace,  and  when  taken  out  and 
cooled,  boiling  them  successively  in  two  copper  vessels,  with 
water,  common  salt,  and  tartar,  and  after  that  scouring  them 
well  with  sand,  and  washing  them  with  common  water,  drying 
them  over  a wood  fire,  in  a oopper  sieve,  into  which  they  are 
put  when  taken  out  of  the  boilers.  In  England,  the  standard 
for  gold  is  eleven  parts  of  pure  metal  and  one  of  alloy ; for 
silver,  11  oz.  2dwts.  of  pure  silver,  and  lOdwts.  alloy,  making 
together  1 lb.  troy  weight 

In  the  machinery  invented  for  coining,  by  the  late  Messrs. 
Boulton  and  Watt,  and  lately  introduced  into  the  Royal  Mint, 
London,  the  screw  presses  for  cutting  out  the  circular  pieces 
of  metal,  are  worked  with  great  facility,  and  both  ibe  edges 
and  the  faces  of  tbe  money  are  coined  at  the  same  time,  with 
such  superior  excellence,  and  cheapness  of  workmanship,  as 
will  prevent  clandestine  imitation,  except  in  a very  limited 
degree  indeed.  By  means  of  this  machinery,  four  boys  can 
strike  30,000  pieces  of  money  in  an  bonr : the  machine  acting 
at  the  same  time  as  a register  in  keeping  an  unerring  account 
of  the  number  of  pieces  that  bate  been  struck ! — See  Mint. 

COKE,  a preparation  of  fossil  coaJ,  whereby  it  is  deprived 
of  tbe  naptha,  bitumen,  or  asphaltum,  it  may  contain,  so  that 
when  applied  to  certain  purposes,  it  may  not  communicate  a 
bad  flavour  or  bad  qualities.  Coke  is  made  in  very  large 
ovens,  principally  from  tbe  refuse  of  bruah-roal,  with  which 
some  pits  abound ; the  coal  in  them  being  extremely  brittle, 
and  rarely  coming  away  in  large  pieces.  In  great  tow  ns  which 
are  lighted  with  gas,  coke  is  obtained  in  great  abundance 
from  tbe  gas-works,  being  left  io  the  retorts  after  the  gas  is 
driven  off  by  the  heat. 

COLD,  in  common  language,  denotes  the  sensation  which  is 
felt,  or  the  effect  which  is  produced,  by  the  abstraction  of  beat ; 
that  is.  heat  and  cold  are  opposite  to  each  other,  sod  the 
existence  or  increment  of  the  one,  is  equal  to  the  want  or  decre- 
ment of  the  other ; so  that  the  same  degree  of  temperature 
may  be  called  hot  or  cold,  according  as  it  is  compared  with  a 
oolder  or  hotter  temperature.  Thus  the  climate  of  Great  Bri- 
tain is  a cold  climate,  in  comparison  with  that  of  the  West 
India  islands  ; and  a hot  olimate,  in  comparison  with  that  of 
Siberia.  If  a man  warms  one  of  bis  bands  near  a fire,  whilst 
he  cools  his  other  hand  by  means  of  ice ; and  if  afterwards  he 
plunges  both  his  hands  in  a basin  of  water  of  tbe  common 
temperature  of  the  atmosphere,  that  water  will  feel  cold  to  the 
hand  that  has  been  heated,  and  hot  to  the  other  hand.  From 
this  it  appears,  that  cold  is  not  any  thing  real,  but  merely  a 
privation  of  heat ; so  that  instead  of  saying,  that  a body  has 
been  cooled  to  a certain  degTee,  it  may  with  equal  truth  and 
propriety  be  said,  that  the  body  ha*  been  deprived  of  beat  to 
that  certain  degree.  See  Freezing. 

Notwithstanding  the  simplicity  of  this  theory,  and  the  con- 
viction which  seems  to  accompany  it,  philosophers  have  often 
entertained  doubts  concerning  it ; and  they  have  endeavoured 
to  inquire  into  the  real  state  of  Die  matter,  by  devising  experi- 
ments capable  of  demonstrating  whether  the  cause  of  heat  was 
any  thing  real,  and  that  of  cold  only  a privation  or  diminution 
of  the  former ; or.  trice  versa,  whether  the  cause  of  cold  was  any 
thing  real,  and  that  of  beat  a diminution  ; or.  lastly,  whether 
the  production  of  heat,  and  the  production  of  cold,  were  not 
owing  to  two  distinct  principles  or  elements.  Ou  the  supposi- 
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lion  that  the  cause  of  one  of  those  effects  only  is  real,  it  is  much 
more  natural  to  suppose,  that  the  cause  of  heat  is  the  real  prin- 
ciple or  element ; since  its  effects,  rir.  eolarg ement  of  the  bulk 
of  bodies,  the  separation  of  their  parts,  Ac.  are  such  as  must 
be  produced  by  the  introduction  of  something  real;  and  the 
abstraction  of  this  principle  may  naturally  produce  the  effects 
of  cold,  suoh  as  contraction  of  the  bulk  of  bodies,  agglutination, 
ito. ; whereas  it  would  be  unnatural  to  suppose,  that  a body 
contracts  its  bulk,  as  its  parts  come  into  closer  contact,  because 
something  else  has  been  iutroduced  amongst  them.  With 
respect  to  the  last  supposition,  rir.  whether  the  effects  of  heat 
and  those  of  cold  be  not  owing  to  two  distinct  principles,  a few 
arguments,  and  thn  equivocal  result  of  a few  experiments, 
have,  at  times,  been  adduced  in  support  of  it.  But  the  general 
and  prevailing  opinion  among  the  philosophers  is,  that  a single 
element,  called  caloric,  produces  beat,  or  the  effects  of  expand- 
ing bodies  separating  their  parts.  See. ; and  that  cold  is  only  a 
relative  expression ; that  is,  meaning  only  the  decrement  of 
beat ; so  that  real  or  absolute  cold  consists  only  in  the  total 
abstraction  of  caloric ; and,  that  such  a point,  rir.  the  aero  of 
heat,  may  be  determined,  has  been  shewn  by  the  experiments, 
the  discoveries,  and  tins  calculations  of  Irvine,  Black,  Craw- 
ford, and  others ; but  it  is  impossible,  in  this  place,  to  enter 
into  an  investigation  of  the  methods  made  use  of  in  deter- 
mining this  remarkable  point.  Set  Ice. 

COLEU PT ERA,  the  beetle  tribe  of  insects,  comprehending 
all  those  w ith  four  wings,  the  external  pair  of  which  are  hard, 
rigid,  and  opaque,  forming  a kind  of  covering  for  the  inner. 
There  are  66  genera  of  this  order. 

COLIC,  a severe  pain  in  the  lower  venter,  so  called  because 
the  disorder  wax  thought  formerly  to  be  in  the  colon.  There 
are  different  kinds,  as  the  windy  colic,  the  bilious,  the  hysteric, 
tho  nervous,  and  the  Devonshire  colic. 

COLLAR,  an  ornament  consisting  of  a chain  of  gold,  with 
devices  and  ciphers,  worn  by  the  knights  of  the  different 
orders.  Collar  of  a thip,  is  a rope  fastened  about  the  beak- 
head,  into  which  the  dead-man's  eye  is  seised  that  holds  the 
main-stay ; also  the  rope  wouud  about  the  head  of  the  main- 
mast, 

COLLATERAL,  those  relations  which  proceed  from  the 
same  stock,  but  not  in  the  same  ascending  or  descending  line. 

COLLATION,  is  the  giving  or  bestowing  of  a benefice  on  a 
clergyman  by  tho  bishop,  who  is  the  patron  thereof. 

COLL1MATION,  Line  or,  on  a telescope,  is  a line  passing 
through  the  intersection  of  those  wires  that  are  fixed  in  the 
focus,  and  the  centre  of  the  object-glass. 

COLLISION,  in  Mechanics  and  Physics,  is  the  meeting  and 
mutual  striking  of  two  or  more  bodies,  one  of  which,  at  least, 
is  in  motion.  The  most  simple  of  the  problems  relating  to 
collision  was  that  of  a body  proceeding  to  strike  against 
a no  titer  at  rest,  or  moving  before  it  with  less  velocity,  or 
approaching  towards  it  In  tho  mutual  percussion  of  several 
bodies,  the  absolute  quantity  of  motion  of  the  centre  of  gravity 
is  the  same  after  as  before  the  shock.  Farther,  when  the  bodies 
are  elastic,  the  relative  velocity  is  tho  same  after  as  before 
percussion.  All  this,  however,  is  upon  the  supposition,  that 
bodies  are  either  perfectly  hard,  or  perfectly  elastic  ; but  as 
there  do  not  exist  in  nature  any  bodies  which  wc  know  of. 
either  the  one  or  the  other  of  these  kinds,  the  usual  theories  are 
of  little  or  no  service  in  practical  mathematics. 

COLLYRIUM,  a topical  remedy  for  inflammations  of  the 
eyes.  The  best  is  a small  poition  of  brandy  and  spring  water. 

COLONNADE,  in  Architecture,  a peristyle  of  a circular 
figure,  or  a series  of  columns  disposed  in  a circle,  aud  insulated 
withinside. 

COLOUR,  in  Natural  Philosophy,  is  that  property  of  bodies 
which  affects  the  sight  only ; or  that  property  possessed  by 
the  elementary  rays  of  light,  separated  by  any  means  whatever, 
of  exciting  in  us  different  sensations  according  to  their  different 
refrangibility.  Thus  colour  may  he  considered  in  two  respects, 
as  it  regards  bodies  in  general,  and  as  it  is  produced  by  solar 
light.  St*  Optics. 

Before  the  time  of  Newton,  the  ideas  of  mankind  concerning 
colour  were  very  vague  and  unsatisfactory.  The  Pythagoreans 
called  colour  the  superficies  of  bodies:  Plato  said  that  it  was 
a tiurne  issuing  from  them  : according  to  Zeno,  it  was  the  first 


configuration  of  matter  : and  Aristotle  said  it  was  that  which 
made  bodies  actually  transparent. 

Dr.  Hooke  imagined,  that  colour  is  canscd  by  the  sensation 
of  the  oblique  or  uneven  pulses  of  light ; which  being  capable 
of  no  more  than  two  varieties,  he  concluded  there  could  bo  on 
more  (ban  two  primary  colours.  It  was  also  an  opinion,  that 
tbe  solar  light  was  simple  and  uniform,  without  any  difference 
or  variety  in  its  parts,  and  that  the  different  colours  of  objects 
were  made  by  refraction,  reflection,  or  shadows.  But  Newton 
taught  them  the  errors  of  their  former  opinions  ; he  taught  them 
to  dissect  a single  ray  of  light  with  the  minutest  precision,  and 
demonstrated  that  every  ray  was  itself  a composition  of  several 
rays  all  of  different  colours,  each  of  which  when  separate  held 
to  its  own  nature,  simple  and  unchanged  by  every  experiment 
that  could  be  tried  upon  it.  Or,  to  be  more  particular.  light 
is  not  all  similar  and  homogcueal,  but  compounded  of  hetero- 
gcneal  and  dissimilar  rays,  sonic  of  which,  in  like  instances, 
being  more  refrangible,  and  others  less  refrangible,  and  those 
which  are  most  refrangible  are  also  most  reflexiblc;  and 
according  as  they  differ  in  refrangibility  and  rrflcxibility,  they 
are  endowed  wilh  the  power  of  exciting  in  us  sensations  of 
different  colours. 

Newton’s  theory  of  light  and  colours  is  striking  and  beautiful 
in  itself,  and  dcdoccd  from  clear  and  decisive  experiments. 
1st.  That  lights  which  differ  in  colour,  differ  also  in  degrees  of 
refrangibility.  2d.  That  tho  light  of  the  son,  notwithstanding 
its  uniform  appearance,  consists  of  rays  differently  refrangible. 
3d.  That  those  rays  which  are  more  refrangible  than  others, 
are  also  more  reflcxihle.  4th.  That  as  the  rn\s  of  light  differ 
in  dearer*  of  refrangibility  and  reflexihility,  so  they  also  differ 
in  their  disposition  to  exhibit  this  or  that  particular  colour ; 
and  that  colours  are  not  qualifications  of  light  derived  front 
refractions  or  reflections  of  natural  bodies,  as  was  generally 
believed,  but  original  and  connate  properties,  which  are 
different  in  different  rays,  some  rays  beiog  disposed  to  exhibit 
a red  colour  and  no  other,  and  some  a green  and  no  other,  anti 
so  of  the  rest  of  the  prismatic  colours.  &th.  That  the  light  ol 
the  sun  consists  of  violet- making,  indigo-making,  blue-making, 
green-making,  yellow-making,  orange-making,  and  red-making 
rays;  and  all  of  these  arc  different  in  their  degrees  of  refran- 
gihility  and  reflexibility ; for  the  rays  which  produce  red 
colours  arc  the  least  refrangible,  and  those  that  mako  the  violet 
the  most ; and  the  rest  are  more  or  less  refrangible  as  they 
approach  either  of  these  extremes,  in  the  order  already  men- 
tioned; that  is,  orange  is  least  refrangible  next  to  red.  yellow 
next  to  orange,  and  so  on  ; so  that  to  the  same  degree  of  refran- 
gibility there  ever  belongs  the  same  colour,  and  to  the  same 
colour  the  same  degree  of  refrangibility.  6tb.  Every  homogc- 
neal  ray,  considered  apart,  is  refracted  according  to  one 
and  the  same  rule,  so  that  its  sine  of  incidence  is  to  its  sine  of 
refraction  in  a given  ratio ; that  is,  every  different  coloured  ray 
has  a different  ratio  belonging  to  it.  7th.  The  species  of  colour, 
and  degree  of  refrangibility  and  reflexibility,  proper  to  any 
particular  sort  of  rays,  is  not  mutable  by  reflection  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  cause  that  has  been 
yet  observed.  When  any  one  kind  of  rays  has  been  separated 
from  those  of  other  kinds,  it  has  obstinately  retained  its  oolonrs, 
notwithstanding  all  endeavours  to  bring  about  a change.  8th. 
Yet  seeming  transmutations  of  colours  may  be  made,  where 
there  is  any  mixture  of  divers  sorts  of  rays;  for,  in  such  mix- 
tures, the  component  colours  appear  not,  bat,  by  their  mutually 
alloying  each  other,  constitute  on  intermedialeoolour.  9th.  There 
are  therefore  two  sorts  of  colour,  the  one  original  and  simple, 
tbe  other  compounded  of  these  ; and  all  the  colours  in  the  uni- 
verse are  either  the  colours  of  homogeneal,  simple  light,  or 
compounded  of  these  mixed  together  in  certain  proportion* 
The  colours  of  simple  light  are,  as  we  observed  before,  violet, 
indigo,  blue,  green,  yeliow,  orange,  and  red.  together  with  an 
indefinite  variety  of  intermediate  gradations.  The  colours  of 
compounded  light  arc  differently  compounded  of  these  simple 
rays,  mixed  in  various  proportions : thus  a mixture  of  yellow  - 
making  and  blue-making  rays  exhibits  a green  colour,  and  a 
mixture  of  red  and  yellow  makes  an  orange;  and  in  any  colour 
the  same  in  specie  with  the  primary  ones,  may  be  produced  by 
the  composition  of  the  two  colours  next  adjacent  in  the  series 
of  colours  generated  by  the  prism,  whereof  the  one  is  next 
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more  refrangible,  and  the  other  next  less  refrangible.  But  | 
this  is  nut  the  case  with  those  which  are  situated  at  too  (treat  a 
distance  ; orange  and  indigo  do  not  produce  the  intermediate  ! 
green,  nor  scarlet  and  green  tire  intermediate  yellow.  10th. 
The  most  surprising  and  wonderful  composition  of  light  is  that 
of  whiteness  ; there  is  no  one  sort  of  rays  which  can  alone 
exhibit  that  colour:  it  is  ever  compounded,  and  to  its  composi- 
tion all  the  aforesaid  primary  colours  are  requisite.  1 1th.  As 
whiteness  is  produced  by  a copious  reflection  of  rays  of  all 
sorts  of  colours,  w hen  there  is  a due  proportion  in  the  mixture  , 
so,  on  the  contrary,  blackness  is  produced  by  a suffocation  and 
absorption  of  the  incident  light,  which  being  stopped  and  sup- 
pressed in  the  black  body,  is  not  reflected  outward,  but 
reflected  and  refracted  within  the  body  till  it  be  stifled  and 
lost. 

This  method  of  accounting  for  the  different  colours  of  bodies, 
from  their  reflecting  this  or  that  kind  of  rays  most  copiously,  is 
so  easy  and  natural,  lhat  his  system  quickly  overcame  all 
objections,  and  to  this  day  continues  to  be  almost  universally 
believed.  It  is  now  commonly  acknowledged,  that  the  light  of 
the  sun,  which  to  us  seems  perfectly  homogeneal  and  white,  is 
composed  of  no  fewer  than  seven  different  colours,  rir.  red, 
orange,  yellow,  green,  blue,  purple,  and  violet  or  indigo.  A 
body  which  appears  of  a red  colour,  has  the  property  of 
reflecting  the  red  rays  more  powerfully  than  any  of  the  others; 
and  so  of  the  orange,  yellow,  green,  ike.  A body  which  is  of  a 
black  colour,  instead  of  reflecting,  absorbs  all,  or  the  greatest 
part  of  the  rays  that  fall  upon  it;  and,  on  the  contrary , a body 
which  appears  white,  reflects  the  greatest  part  of  (he  rays 
indiscriminately,  without  separating  the  one  from  the  other. 

Colours  used  tn  Drawing  and  Painting. — Red  Colours  art: 
Lakes.  This  term  denotes  those  colours  which  are  formed  by 
the  combination  of  alumine,  or  the  oxide  of  tin,  with  the  colour- 
ing matters  of  vegetables.  The  lakes  chiefly  used  nrc  red 
colours,  of  different  qualities,  according  to  the  basis  and 
colouring  matter  employed ; and  arc  known  by  the  names  of 
Carmine,  Floreruelakr,  and  Madder  dak*.  . 

Carmine,  n very  rich  bright  crimson  colour,  stands  well  in 
water.  For  the  preparation  of  carmine,  take  four  ounces  of 
finely-pulverized  cochineal,  which  pour  into  four  quarts  of  rain 
or  distilled  water,  boiled  previously  in  a pewter  kettle,  and  boil 
the  whole  for  six  minutes ; add,  during  the  boiling,  two  drachms 
of  pulverized  crystals  of  tartar.  Eight  scruples  of  Roman 
alum,  in  powder,  must  be  then  added,  and  the  whole  be  kept 
on  the  tire  one  minute  longer.  As  soon  as  the  gross  powder 
has  subsided,  and  the  decoction  become  clear,  decant  it  into 
large  cylindrical  glasses  covered  over,  and  kept  undisturbed 
till  a fine  powder  is  observed  to  have  settled  at  the  bottom. 
Then  pour  off  the  liquor  front  this  powder,  which  is  to  be 
gradually  dried.  From  the  liquor  still  coloured,  the  rest  of  the 
colouring  matter  may  be  separated  by  the  solution  of  tin,  when 
it  yields  a carmine  little  inferior  to  the  former. 

Florentine -lake,  the  kind  in  general  use.  and  known  by  the 
name  of  lake,  is  used  in  water,  and  also  in  oil,  but  does  not 
stand ; it  is  a very  beautiful  colour  at  first,  and  there  is  no 
substitute  that  will  completely  answer  the  purposes  of  lake. 
The  best  sort  is  prepared  from  the  sediment  of  cochineal  that 
remains  in  the  kettle  after  making  carmine,  adding  a small 
quantity  of  cochineal  or  brazil-wood,  and  precipitating  the 
colouring  matter  with  a solution  of  tin. 

Madder-lake,  a colour  lately  brought  into  use.  is  not  so 
bright  and  rich  a colour  as  the  last-mentioned  lakes.  It  has 
this  valuable  advantage,  it  stands  much  better,  and  answers 
many  of  the  purposes  of  Florence-lake. 

Rose-lake,  generally  called  rose-pink,  is  made  by  a basis 
of  chalk,  coloured  by  Brazil  or  Campcnchy  wood.  It  does 
not  stand,  and  is  only  used  for  house-painting  and  paper- 
hanging. 

Vermilion,  is  a bright  scarlet  pigment,  formed  from  sulphur 
and  quicksilver  ; its  brightness,  and  inclining  to  a crimson  hue. 
denotes  its  goodness.  It  is  a very  useful  colour  in  oil,  and 
stands  well ; but  as  a water-colour  it  is  apt  to  turn  black. 

Red  lead  or  minium,  is  lead  calcined  till  it  acquires  a red 
colour,  by  exposing  it  with  a large  surface  to  the  fire.  It  is 
also  made  from  litharge . a calx  or  oxide  of  lead  ; but  it  is  not 
•o  good  as  when  made  directly  from  metallic  lead.  This  colour 


is  apt  to  become  block,  both  in  water  and  oil.  It  is  therefore 
seldom  used,  but  for  very  coarse  purposes. 

Indian  red,  is  sometimes  used  instead  of  lake,  and  it  might 
be  useful,  had  it  not  the  property  of  appearing  stronger  after 
some  time.  Never  use  it  as  a water  colour.  In  oil,  this  effect 
does  not  take  pluce. 

Venetian  red.  is  a native  red  ochre,  rather  inclining  to  the 
scarlet  than  the  crimson  hue  ; it  differs  little  from  the  common 
Indian  red.  It  is  fouler,  and  chiefly  used  by  house-painters. 

Spanish  brown,  an  earthy  substance,  found  in  the  same  state 
in  w hich  it  is  used  ; is  nearly  of  the  same  colour  as  Venetian- 
red,  but  coarser.  It  is  only  used  for  the  commonest  purposes, 
though  it  does  not  change. 

Light  red,  or  burnt  ochre,  is  common  yellow  ochre,  heated 
red-hot,  till  the  colour  changes  from  a yellow  to  a red.  It  is 
an  excellent  colour,  both  in  water  and  oil,  having  the  quality 
of  standing  well. 

Red  chalk,  the  same  substance  used  for  drawing  on  paper, 
iu  the  manner  of  a crayon,  is  very  much  like  light  red,  and  is 
used  instead  of  it,  for  some  purposes.  It  stands  well,  and  is 
used  both  in  water  aod  oil. 

Burnt  Terra  di  Sienna,  made  by  calcining  raw  terra  di 
Sienna  till  it  acquires  a red  colour,  a very  rich  tint,  and  much 
used  in  water  and  oil,  as  it  stands  well  in  both. 

Rlue  Colours.  —Ultramarine,  is  prepared  from  lapis  laiuli,  by 
calcining  and  washing  it  very  clean.  When  genuine,  it  is  the 
brightest,  the  most  beautiful  of  all  colours,  and  stauds  well.  It 
is  much  valued,  and  used  in  oil,  and  means  have  been  found  to 
levigate  it  sufficiently  for  water-colour  drawings. 

Ultramarine  ashes,  the  residuum  alter  washing  the  lapis 
lazuli,  in  which  a portion  of  the  ultramarine  still  remains,  is 
very  subject  to  be  adulterated,  and  not  so  bright  as  ultrama- 
rine, being  like  that  colour  with  a tint  of  red  and  white  in  it, 
yet  when  genuine  it  stauds  well. 

Prussian  blue,  is  iron  combined  with  prussic  acid.  It  ia 
made  in  the  following  manner: — Two  parts  of  purified  potash 
arc  intimately  blended  with  three  parts  of  dried  and  finely 
pulverized  bullock’s  blood.  The  mass  is  first  calcined  in  a 
covered  crucible,  on  a moderate  fire,  till  no  more  smoke  or 
flame  uppear;  after  this,  it  is  brought  to  a complete,  yet 
moderate  ignition.  Or  equal  parts  of  potash  and  finely  pow- 
dered coals,  prepared  from  bones,  horns,  claws,  See.  are 
mingled,  and  heated  in  a covered  crucible  to  a moderate 
redness.  Either  of  these  two  calcined  masses  is,  after  cooling 
lixiviated  with  boiling  water,  and  the  lixivium  filtered.  Nothing 
remains  now  but  to  make  a solution  of  one  part  of  green  vitriol 
and  two  parts  of  alnm ; and  to  add  to  it,  while  yet  hot,  the 
above  lixivium,  little  by  little  however,  and  to  separate  the 
greenish-blue  precipitate,  which  then  forms,  by  means  of  a 
filtrc.  If  afterwards  a slight  quantity  oi  diluted  muriatic  acid 
be  off  used  upon  this  precipitate,  it  assumes  a beautiful  dark 
blue  colour.  The  operation  is  terminated  by  edulcorating 
and  drying  the  pigment  thus  prepared.  Prussian  blue  is  an 
extremely  beautiful  colour  when  properly  prepared,  and  stands 
tolerably  well.  Common  Prussian  blue  is  apt  to  contain  some 
iron,  which  causes  it  to  turn  greenish  or  olive. 

Vcrditer,  a blue  pigment,  obtained  by  adding  chalk  or 
whitening  to  the  solution  of  copper  in  aquafortis,  is  prepared 
by  the  refiners,  who  employ  for  this  purpose  the  solution  of 
copper,  which  they  obtain  in  the  process  of  parting,  by  preci- 
pitating silver  from  aquafortis  by  plates  of  copper.  Common 
vcrditer  is  made  in  Sheffield  and  Birmingham,  from  the  sulphate 
of  copper.  Vcrditer  is  only  used  for  coarse  purposes,  and 
chiefly  by  paper-stainers.  It  has  been  sometimes  called 
Sanders  blue,  from  the  term  entires -blues,  or  blue  ashes. 

Indigo,  extracted  from  a plant  called  the  anil,  that  grows  in 
the  East  and  West  Indies,  is  not  so  bright  as  Prussian  blue, 
hut  it  lias  the  advantage  of  being  more  durable.  It  is  the  blue 
generally  used  in  drawings.  It  cannot  be  dissolved  by  water, 
hut  may  by  the  sulphuric  acid  ; it  then  forms  Stott's  Uquid 
blue,  used  for  colouring  silk  stockings,  Ac. 

Smalt  is  a glass  covered  with  cohalt,  and  ground  to  a fine 
powder.  Its  coarseness  prevents  its  being  used  much  for 
painting  in  oil  or  water.  It  is  employed  sometimes  by  strew- 
ing it  upon  a ground  of  oil  paint.  It  is  also  used  in  enamel 
pointing  and  the  colouring  ot  porcelain,  as  it  standi  well. 
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Bice,  is  smalt  more  finely  levigated. 

Yellow  Colour s — Indian  yellow,  the  brightest  of  all  yellows 
for  water-colours,  is  not  durable.  It  is  said  to  be  procured 
from  the  urine  of  the  buffalo.  In  India,  it  is  a common  and 
cheap  colour;  the  natives  using  it  for  colouring  their  calicoes, 
which  they  do  without  any  mordant,  so  that  the  colour  is  washed 
out  agmn  when  the  cloth  is  dirty. 

King’s  yellow,  is  orpiment  refined,  a substance  dug  out  of 
the  earth,  and  consisting  of  sulphur  joined  to  arsenic;  it  may 
also  be  prepared  by  subliming  sulphur  with  arsenic.  It  is  of  a 
bright  yellow,  but  does  not  stand  well ; it  is  a strong  poison,  j 
and  great  caution  must  he  used  in  employing  it. 

Naples  yellow,  a very  durable  and  bright  yellow,  comes 
from  Naples.  It  is  prepared  from  lead  and  antimony. 

Yellow  oebre,  an  earth  naturally  coloured  by  oxide  of  iron, 
is  a cheap  colour,  and  not  very  bright,  but  valuable,  because 
it  stands  well.  Koman  oebre  is  a superior  yellow  ochre,  of  a 
rich  tint. 

Dutch  pink,  formed  of  chalk,  coloured  with  the  juico  of 
French  berries,  or  other  vegetables  affording  a yellow  colour, 
does  not  stand,  and  is  chielly  used  for  common  purposes. 

Gamboge,  a gum  brought  from  the  East  Indies,  dissolves 
readily  in  water,  and  is  a line  serviceable  yellow.  It  is  used 
only  in  water. 

Musticot,  an  oxide  of  lead,  prepared  from  calcining  white 
lead,  is  very  little  used,  the  colour  not  being  bright. 

Gall  stones.  This  is  a bard  substance,  formed  in  the  gall* 
bladders  of  oxen ; or  it  may  be  obtained  from  the  gall  of  other 
animals.  It  is  a rich  colour,  but  does  not  stand. 

Raw  Terra  dl  Sienna,  a native  oehreous  earth,  brought  from 
Italy,  is  a fine  warm  colour,  and  stands  well. 

French  berries.  A liquor  may  he  extracted  from  these, 
useful  as  a stain  for  coarse  purposes  ; but  it  does  not  keep  its 
colour. 

Turmeric  root  and  saffron,  may  be  used  for  similar  purposes. 

Oraugc-lake,  is  the  tinging  parts  of  arnatto,  precipitated 
together  with  the  earth  of  alum.  It  docs  not  stand. 

lirown  pink,  is  the  tinging  part  of  a vegetable  substance 
precipitated  upon  the  earth  of  alum.  It  is  a rich  greenish 
yellow,  but  does  not  stand. 

Given  Colours. — There  arc  few  colours  so  usefol  as  green ; 
and  it  is,  therefore,  the  practice  with  artists  to  form  their  greens 
by  the  mixture  of  blue  and  yellow,  and  by  varying  these,  avast 
variety  of  green  tints  are  obtained. 

Sap  greeu,  is  the  concreted  juice  of  the  buckthorn  berries. 
It  is  used  only  in  water,  and  is  employed  chiefly  in  flower* 
painting,  colouring  prints,  Stc. 

Verdigris,  is  an  imperfect  oxide  of  copper,  combined  with 
a small  portion  of  aceiitc,  carbonic  acid,  and  water.  It  is 
prepared  in  larpjo  quantities,  chiefly  in  France,  near  Montpel- 
lier, by  stratifying  copperplates  with  the  husks  of  grapes,  yet 
under  various  fermentation,  which  soon  grow  acid,  and  corrode 
the  copper.  After  the  plates  have  stood  in  that  situation  for  a 
sufficient  time,  they  are  moistened  with  water,  and  exposed  in 
heaps  to  the  air.  The  verdigris  is  scraped  off  from  their  sur- 
face as  it  forms.  Verdigris  is  of  a bluish-green  colour,  it  has 
no  body,  does  not  stand,  and  is  only  used  for  coarse  purposes  ; 
it  answers  best  in  varnishes. 

Distilled  verdigris,  sometimes  called  erystilis  verdigris,  is 
prepared  from  common  verdigris,  by  dissolving  it  in  vinegar. 
It  is  of  a very  bright  green,  and  is  used  chiefly  for  varnishes, 
and  in  colouring  maps,  See. 

Brown  Colours. — Bistre,  is  the  finer  part  extracted  from  the 
soot  of  burnt  wood.  It  is  osed  alone  for  sketches  in  water- 
colours, being  a transparent  water  colour, 

Koman  bistre,  is  a very  excellent  but  scarce  kind  of  bistre, 
imported  from  Rome. 

Cologne  earth,  a mineral  substance  of  a dark  blackish  brown 
colour,  is  a very  useful  pigment : what  is  generally  sold  in  the 
•hops  for  Cologne  earth  is  an  artificial  mixture. 

Raw  umbre,  a native  ochrcous  earth,  of  a light  brown, 
stands  well. 

Burnt  umbre,  is  only  the  last  mentioned  colour  calcined  in 
the  fire.  It  then  acquires  a rich  deep  brown,  and  is  of  great 
use,  being  a fine  colour,  that  stands  well. 

Axphaltum,  used  in  oil,  is  of  a very  rich  deep  brown.  It  is 
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a transparent  or  glaring  colour  that  will  not  work  in  water, 
but  when  dissolved  in  turpentine,  it  becomes  an  useful  sub- 
stance for  giving  deep  and  spirited  touches  to  drawings.  The 
linens  in  which  the  Egyptians  wrapped  their  mummies  were 
dipped  in  aspbaltnm. 

White  Colours. — Flake  white,  is  an  oxide  of  lead,  formed  by 
corroding  lead  with  vegetable  acids,  or  vinegar. 

White  lead  is  the  same  as  flake  white,  but  of  an  inferior 
quality.  It  is  the  only  white  used  in  oil  painting,  and  is  there- 
fore a very  useful  colour  ; in  water  it  always  tarns  black. 

Egg-shell  white,  and  oyster-shell  while,  arc  only  egg-shells 
or  oyster-shells  calcined  ; the  animal  gluten  is  thus  destroyed, 
leaving  the  lime  behind,  which  soon  attracts  the  carbonic  acid 
again  from  the  atmosphere.  Well-w ashed  Spanish  white,  or 
common  whitening,  answers  the  same  purpose. 

Permanent  white,  is  a white  sold  in  the  shops  under  this 
name,  and  it  will  not  change ; but  great  care  must  be  employed 
in  using  it,  as  it  is  made  from  barytes,  a deadly  poison. 

Block  Colours.—  Lamp  black,  the  soot  of  oil,  collected  after 
it  is  formed  hj  burning,  is  very  generally  used,  both  in  oil  and 
water,  and  stands  pcricctly  well.  Ivory  black,  the  charcoal  of 
ivory  or  bone,  formed  by  giving  them  a great  beat,  while  they 
are  deprived  of  all  access  of  air : it  is  used  both  in  oil  and 
water.  Blue  black,  the  coal  from  burning  vine-stalks  in  a 
close  vessel,  is  like  ivory  black,  with  a tint  of  blue. 

Indian  Ink. — The  Indian  ink  is  used  in  China  for  writing 
with  a brush,  and  for  painting  upon  the  soft  Chinese  paper. 
It  has  been  ascertained,  both  from  experiment  and  information, 
that  tbe  cakes  of  this  ink  are  composed  of  lamp  black  and 
sise,  with  the  addition  of  some  perfuming  substances,  not 
essential  to  it  as  an  ink.  The  fine  soot  obtained  by  holding  a 
plate  over  tbe  flame  of  a candle  or  lamp,  and  mixed  up  with 
clean  siae,  makes  an  ink  in  every  respect  eqoal  to  the  Chinese. 

Colouring  Prints. — Persons  who  wish  to  colour  prints  should 
wash  them  first  with  alum  water,  which  will  prevent  the  colour 
from  sinking,  besides  giving  a lustre  and  brightness  to  them. 
For  this  purpose,  boil  lour  ounces  of  alum  ia  a quart  of  clear 
water,  till  the  alum  is  dissolved. 

Colour,  in  Physics,  a property  inherent  in  light,  by  which 
it  excites  different  vibrations  in  the  optic  nerve,  and  which 
being  sent  to  the  sensorium,  affect  the  mind  with  different 
sensations. 

COLOURING,  in  Painting,  the  art  of  disposing  the  tints  so 
as  to  produce  either  an  imitation  of  the  natural  colours  of  tbe 
objects  represented,  or  of  force  and  brightness  of  effect. 

COLUBER,  a genus  of  serpents,  of  which  there  are  ninety- 
seven  species. 

COLUMBA,  the  Pigeon,  a genus  belonging  to  the  order  of 
passeres,  of  which  there  are  about  seventy  species,  natives  of 
different  countries. 

COLUMBA  NOACHI,  Book’s  Dove,  is  one  of  the  new  con- 
stellations, situated  still  more  to  the  south,  directly  below 
Lrpus;  and  it  lies  on  the  west  of  Argo  Navis  and  Canis  Major, 
whence  its  place  in  the  heavens  may  be  easily  found.  There 
are  twenty-six  stars  in  this  aslerism  ; one  of  these  is  of  the  2d 
magnitude,  one  of  the  3d.  two  of  the  4th,  &c. 

COLUMN,  in  Architecture,  a round  pillar,  made  to  support 
and  adorn  a building,  and  composed  of  a base,  shaft,  and 
capital. 

Column,  in  tbe  Military  Art,  a long  and  deep  file  of  troops  or 
baggage. 

COLURES,  in  Astronomy,  are  two  great  circles  passing 
through  the  poles  nf  the  world  : one  of  them  passes  through 
the  equinoctial  points,  Arirs  and  Libra;  the  otner  through  the 
solstitial  points.  Cancer  and  Capricorn  ; hence  they  arc  called 
the  equinoctial  and  sulstitlal  colures.  They  divide  the  ecliptic 
into  four  equal  parts,  and  mark  the  four  seasons  of  the  year. 

COLYMBUS,  the  Diver,  in  Ornithology,  a genus  of  anseres, 
of  which  there  arc  several  species. 

COMA,  a preternatural  propensity  to  sleep,  which  however 
the  patient  cannot  enjoy,  but  wakes  again  immediately. 

COMA  BERENICES,  j Berenice's  Hair.  Berenice  was  tbe 
wife  of  Kucrgetcs.  a king  of  Egypt ; and  when  he  went  upon  a 
dangerous  expedition,  she  vowed  to  consecrate  her  fine  bead 
of  hair  to  Venus,  if  he  returned  in  safety.  Some  time  after  tho 
return  of  Eucrgetcs,  the  locks,  which  were  hung  up  in  tb« 
3 A 
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temple  of  Venus,  disappeared,  and  Canon,  an  astronomer, 
publicly  reported  that  Jupiter  bad  made  them  a constellation. 
The  cluster  of  stars  composing  Coma  Berenices,  is  very 
remarkable,  there  being  so  many  of  the  4th  and  5tb  magnitude*. 
The  boundaries  and  contents  of  this  astcrism  are : north  l»v 
Canes  Venatlci,  cast  by  Bootes,  south  by  Leo  and  Virgo,  and 
west  by  Leo  and  Ursa  Major.  This  constellation  contains  40 
stars,  ten  being  represented  of  the  4th  magnitude,  and  the 
remainder  of  less  magnitudes. 

COMB,  an  instrument  for  disentangling  flax,  wool,  hair,  &c. 
Combs  are  made  of  the  horns  of  bullocks,  of  elephant's  teeth, 
tortoise  shell,  and  box  or  holly  wood.  Bollocks*  horns  are 
prepared  by  sawing  off  the  tips,  then  holding  the  horns  in  the 
flame  of  a wood  fire  till  they  become  soft.  In  this  state  they 
are  slit  open  on  one  side,  and  pressed  in  a machine;  then 
plunged  into  water,  from  whence  they  come  out  hard  and  flat 
They  are  next  sawn  into  proper  lengths,  and  to  ent  the  teeth, 
each  piece  is  fixed  in  a tool  called  a dam.  The  teeth  are  cut 
with  a line  saw,  or  rather  a pair  of  saws,  and  they  are  finished 
with  a file.  The  process  for  making  ivory  combs  is  nearly  the 
same  as  the  above.  A method  has  beeeo  recently  invented  for 
cutting  combs  by  machinery. 

COMBINATION,  in  Chemistry,  the  union  of  bodies  of 
different  natures  thereby  producing  a new  compound  body. 

COMBINATIONS,  in  Mathematics,  denote  the  different 
collections  that  may  be  formed  out  of  any  given  number  of 
things,  taking  a certain  number  at  a time,  without  regard  to 
the  order  in  which  they  may  be  arranged  ; and  are  thus  dis- 
tinguished from  permutation*,  or  changes,  which  have  reference 
to  the  order  in  which  the  several  quantities  may  be  disposed. 

1.  When  uni v two  are  comb innl.  —One  thing  admits  of  no 
combination.  Two,  a and  b,  admit  of  only  one,  rir.  a b.  Three, 
n,  b,  e.  admit  of  three,  ab.  ae,  be.  Four,  of  six,  vis.  ah,  ae,  ad, 
be.  bd . erf.  Five,  of  ten,  rir.  ab,  ae , ad,  ae,  be,  bd,  be.  ed,  «,  de. 

Whence  the  numbers  of  combinations  of  two  and  two  only, 
proceed  according  to  the  triangular  numbers.  I,  3,  6.  10.  l.*i.  | 
21.  Ac.  which  are  produced  by  the  continual  addition  of  the 
original  series,  0,  1.2,  3,  4.  6,  &c.  And  If  » be  the  number  of  , 
things,  tho  formula  for  expressing  the  sum  of  all  Choir  combina- 
tions by  two*s,  will  bo  «.  a — I. 

I . 2 

2.1 

Thus,  if  nzz  2 ; this  becomes si.  If  a s 3 ; it  is 

2 

3.2  4.3 

3.  If  n s 4 { — = fl,  Ac. 

2 2 

2.  When  three  art  combined  together,  three  things  admit 

of  one  order,  a,  6,  c.  Four  admit  of  four.  rir.  abc,  abd , aerf,  ! 
bid.  Five  admit  of  ten  ; abc,  abd,  abe,  eed,  ace,  ode,  bed.  bee, 
bde.  ede.  And  so  on  according  to  the  first  pyramidal  numbers, 
1,  4.  10,  20,  Ac.  which  are  formed  by  the  continual  addition  of  I 
the  former,  or  the  triangnlar  numbers,  1,3.  8,  10,  &c.  And  the 
general  formula  for  any  number  n of  combinations,  taken  by 
three's,  Is  » .s—  — 2 


1 . .2  . 3. 

3.2.1  4.3.2 

So  if  a s 3 ; it  is si.  If  * s 4 ; it  is s 4, 

1.2.3  .0 

5.4.3. 

If  * = 6 ; it  is ~ 10. 

6 

Proceeding  thus,  it  is  found  that  a general  formula  for  any 
number  n of  things,  combined  by  m at  each  time,  is  t =: 
u . n «— • 1 ,n  • — 2 . a.  — »y,  fcc. 

3^  4^  continued  to  m factors  or 

terms,  or  till  the  last  factor  in  the  denominator  be  m.  So  in 
six  things  combined  by  fours,  the  number  of  combinations  is, 
C . 5 . 4 . 3 

= 16 

1 . 2 . 3 . 4 

3.  By  adding  these  together,  the  sum  will  be  the  w hole  num- 
ber of  possible  combinations  of  n things,  combined  by  two’s, 


three’s,  four’s,  Stc.  And  all  the  series  are  the  co-efficients  of  the 
power  a of  a binomial,  wanting  only  the  first  two,  i and  n, 
therefore  the  aura  will  be  lx  ll*  — u — I,  or,  2"  — a — 1.  If 
the  number  of  things  be  five,  then  2*  — 1 ~ 32  — 6 = 26. 

4,  To  find  the  number  of  changes  and  alteration t which  a num- 
ber  of  quantities  can  undergo,  when  combined  in  all  possible 
varieties  of  tcays  with  themselves  and  each  other,  both  as  to  the 
things  themselves,  and  their  order  and  position. 

One  thing  admits  of  one  order  or  position.  Two  may  be 
varied  four  ways,  as  ««,  ab,  ba,  bb.  Three  quantities  taken  by 
two’s,  may  be  varied  nine  ways,  as  na,  ab,  ae,  ba,  ea , bb,  be,  eb, 
ee.  In  like  manner  four  things  taken  by  two’s,  may  be  varied 
4»,  or  10  ways  ; and  five  things,  by  two’s,  6»,  or  26  wavs. 

Thus  also  when  taken  by  tbrec’s  the  changes  will  be  W, 
and  when  taken  by  four’s  they  will  be  *•,  and  so  generally 
when  taken  by  *’*  they  will  be  n \ wherefore,  adding  all  those 
together,  the  whole  number  of  changes  or  combinations  in  n, 
things  taken  by  two's,  by  three’s,  by  four’s,  &c.  to  a’s  will  bo 
the  »am  of  the  geometrical  scries,  n + 1*  + a*  +**....»• , 
n*  — 1 

which  sum  is  = -f  n.  For  example,  if  the  number  of 

a — 1 

4*  — 1 265 

things  « be  four,  this  gives  - - X I - • X 4 — 340. 

4-  1 3 

COMBUSTIBLE.  A body  which,  in  its  rapid  union  with 
others,  causes  a disengagement  of  beat  and  light.  To  deter- 
mine this  rapidity  of  combination,  a certain  elevation  of  tempe- 
rature is  necessary,  which  differs  for  every  different  combus- 
tible.  Combustibles  have  been  arranged  into  simple  and 
compound.  The  former  consists  of  hydrogen,  carbon,  boron, 
sulphur-phosphorus,  atid  nitrogen ; besides  all  the  metals. 
The  latter  class  comprehends  the  faydrurets,  carburets,  sulpha- 
rets,  phosphurets.  metallic  alloys,  and  organic  products. 

COMBUSTION  was  defined  under  the  word  Chemistry,  to 
he  tho  act  of  a body  burning  in  a gas  capable  of  supporting 
flame.  We  will  hero  treat  of  these  supporters  of  combustion  ; 
nod  first,  they  have  the  property  of  shiuing  in  the  dark. 
Various  kinds  of  animal  and  vegetable  substances  seem  to 
have  a great  deal  of  this  kind  of  phosphorus  ; the  glow-worn 
is  a remarkable  instance.  Dead  fish,  rotten  sea-weed,  and 
numbers  of  insects,  have  this  property  in  a great  decree. 
Instruments  for  measuring  the  degree  or  intensity  of  light,  are 
called  photometers. 

Effects  «f  Light  upon  the  Photometer. 

Light  of  the  sun  at  an  elevation  of  30°,  sky  perfectly  clear,  75° 

Idem,  sky  white 73° 

Light  of  the  blue  sky  at  an  elevation  of  46°, btP 

Zenith,.... *9® 

A cloudy  sky, 33° 

A full  moon, 34° 

Moon  five  days  old 20° 

Light  from  snow  enlightened  by  the  sod,  67° 

from  snow  in  the  shade 47° 

Starry  sky,  March  14,  1817 7° 

Sky  dear  of  stars,  March  14,  1817,.... 7°  6f 

Planet  Venus  at  an  elevation  of  30°,  April  5,  1817, 9° 

Simple  Supporters  of  Combustion. — Oxygen.  For  the  purpose 

of  obtaining  oxy. 
gen  or  any  other 
gas,  the  annexed 
apparatus  will 

prove  the  most 
elegant  and  gene- 
rally useful.  1)  is 

a stand  with  rings, 
supporting  a retort 
C, and  an  Argand’a 
lamp  K ; the  latter 
is  connected  with 
the  stand  by  a 
screw  (sec  F)  ; A is 
a pneumatic  trough 

made  of  tin,  and 
containing  water, 
through  which  the  gas  proceeding  from  the  retort,  ascendj  into 
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ihr  glass  jar  II.  placed  upon  a wooden  shelf;— a*  the  pas 
ascends  into  the  jar,  the  water  is  displaced.  G is  a strong:  tube 
of  glass,  in  which  Rases  arc  detonated  or  inflamed  by  electricity. 

For  common  purposes,  and  where  heat  is  not  required,  a 

matrass  with  a 

bent  glass  tube  fit- 

ted  to  it.  is  used,  Jj  V, 

as  represented  in  />  \\  /.  f 

the  furthest  Genre.  Jl  IwA^LdpV. 

This  may  be  done  W % ; /j#  & 

with  a common  ^mas^m  P\ 

phial  and  hand-  ff  * 

basin,  according:  to  BomA  v/ 

the  nearest  figure.  VV 
A is  the  matrass : 

F the  )>ent  tube  ; C the  phial ; and  D the  basin. 

Oxygen,  is  a substance  known  only  in  combination  with  other 
bodies,  and  has  never  been  obtained  alone.  It  is  absorbed  by 
combustible  bodies,  and  converts  them  into  aeids.  Oxygen  is 
nccessnry  for  combustion,  uniting  itself  always  to  bodies  which 
burn,  augmenting  their  weight,  and  changing  their  properties.  I 
It  is  necessary  for  the  respiration  of  animals.  It  is  a conati- 
tuent  part  of  atmospheric  air.  of  water,  of  acids,  ami  of  atl 
bodies  of  the  animal  and  vegetable  kingdoms.  Combined  with  • 
light  and  caloric,  it  constitutes  oxygen  gas.  When  a body  has 
only  a small  quantity  of  oxygen  united  to  it.  not  sufficient  to 
make  it  an  acid,  it  is  called  an  oxide.  Thns,  most  of  the 
metals  can  only  be  reduced  to  the  state  of  oxides  by  the  addi- 
tion of  oxygen.  This  was  formerly  called  calcination,  and  the 
metal  added  to  oxygen  was  called  a calx.  Thus,  the  calx  of 
mercury,  of  tin.  he.  When  the  base  hat  only  just  a sufficient 
quantity  of  oxygen  to  exhibit  the  properties  of  an  acid,  the 
termination  ok*  i*  ased,  such  as  the  sulphureous  acid,  the 
phosphorous  acid,  8cc. ; but  when  it  has  a greater  portion  of 
oxygen,  the  termination  cuds  iu  ir,  as  sulphuric,  phosphoric, 
nnd  nitric  acid. 

Chlorine,  is  assimilated  to  oxygen  as  an  elementary  sub- 
stance. In  the  gaseous  state  it  is  of  a yellowish  green  colour, 
nnd  it  is  this  property  which  suggested  its  name.  Its  odour  is 
extremely  disagreeable.  Chlorine  is  not  capable  of  being 
respired  ; and  even  when  mixed  in  very  small  quantities  with 
common  air.  It  renders  it  extremely  pernicious  to  the  lungs.  It 
has  never  been  found  pure  in  nature;  but  exists  In  many  com- 
pounds, particularly  in  table  or  sea  salt. 

Iodine,  is  obtained  from  sea-weeds,  such  as  barilla  and  kelp; 
like  chlorine  and  oxygen,  when  in  lie  state  of  vapour,  it  sup- 
ports combustion.  Its  vapour  is  of  a violet  hue  : it  is  obtained 
in  brown  shining  scales. 

Fluorine,  is  the  supposed  base  of  fluoric  acid  obtained  from 
fluor-spar ; but  it  has  never  yet  been  obtained  in  a separate 
state. 

Combustible  and  yen-eombvsfibte  Substances.— Carbon.  Modem 
chemists  consider  the  diamond  as  pure  crystalline  carbon.  The 
diamond  is  one  of  the  hardest  bodies  known  ; for  it  resists  the 


most  highly  tempered  steel  file,  and  can  be  ground  or  polished  \ 
only  by  diamond  powder.  It  takes  an  exquisite  and  lasting 
polish.  It  has  a great  refractive  power  ; and  hence  its  lustre, 
when  cut  into  the  form  of  a regular  solid,  is  uncommonly  great. 
The  diamond,  like  other  combustible  bodies,  burns  by  a 
strong  heat,  with  a sensible  flame,  attracting  oxygen,  and 
becoming  wholly  converted  into  carbonic  acid  gas  during  that 
process.  It  combines  with  iron  by  fusion,  and  like  common 
charcoal,  converts  it  into  steel.  Common  charcoal,  the  base  of 
animal  and  vegetable  matters,  is  widely  diffused  throughout 
nature.  It  is  a compound  of  carbon  with  earths,  alkalies,  salts, 
fitc.  united  to  a portion  of  oxygen ; It  is  properly  an  oxide  of 
carbon.  It  is  black,  sonorous,  and  brittle ; and  is  obtained 
from  many  substances,  but  chiefly  from  wood.  When  pure,  it 
resists  the  greatest  heat  in  close  vessels.  With  nitrate  of 
potash,  it  detonates  in  a hot  crucible,  leaving  a fixed  alkali 
behind.  It  does  not  mix  with  the  metals,  but  restores  their 
oxides  to  a metallic  state. 

Sulphur  or  brimstone.  Is  a simple  oombostiWc  substance, 
which  nature  frequently  presents  in  a pure  state.  It  is  found 
In  the  earth  in  a loose  powder,  or  in  a solid  state  ; and  cither 
detached  or  In  veins.  It  is  found  also  iu  the  neighbourhood  of 


volcanoes,  and  is  deposited  at  a crust  on  stones  contiguous  u> 
them.  It  is  frequently  met  with  in  mineral  waters,  sometimes 
also  in  coal  mines,  and  it  is  found  in  combination  with  most  of 
the  metals;  when  united  to  iron,  it  forms  martial  pyrites,  or 
su  Ip  buret  of  iron.  In  order  to  form  it  into  rolls,  it  is  melted 
and  poured  into  wooden  moulds;  it  is  then  called  roll  sulphur. 
Flowers  of  sulphur  arc  formed  by  subliming  purified  sulphur 
with  a gentle  heat  in  close  chambers.  Sulphur  is  a non-con- 
ductor of  electricity,  and  bunco  it  becomes  electric  by  friction— 
it  unites  to  most  of  the  metals;  rendering  them  brittle  and 
fusible. 

Phosphorus,  is  commonly  found  united  to  oxygen,  in  the  stale 
of  phosphoric  acid,  which  is  found  plentifully  in  dilferent 
animal,  vegetable,  aud  mineral  substance*.  It  is  a yellowish 
semitransparent  substance,  of  the  consistence  of  wax.  It  is 
luminous  in  the  dark,  at  the  common  temperature  of  the 
atmosphere.  It  takes  fire  spontaneously , and  boros  rapidly  in 
the  open  air,  (at  12*2°  of  Fahrenheit.)  with  a brilliant  white 
flame,  aud  is  converted  into  phosphoric  acid.  The  combusti- 
bility and  luminous  property  of  phosphorus  have  given  birth  to 
various  experiments,  and  the  following  will  evince  its  charac- 
teristic properties  in  a pleasing  manner.  That  phosphorus 
burns  at  the  usual  temperature,  appears  by  writing  with  it 
upon  black  or  purple  paper,  or  any  other  smooth  surface. 
The  writing  will  be  luminous  in  the  dark,  as  if  on  fire.  The 
fiery  appearance  vanishes  by  blowing  upon  it,  bat  becomes 
visible  again  after  a few  seconds.  The  combination  of  any 
substance  with  sulphur,  phosphorus,  or  charcoal  without  oxy- 
genation, has  the  termination  of  its  name  in  «t ; thus  sulphur 
and  iron  form  sulpburet  of  iron,  phosphorus  and  lime  form 
phoxphurct  of  lime. 

Hydrogen.  As  hydrogen  gas  is  produced  by  a different 
process  from  other  gases,  we  insert  the  annexed  cub  C is  a 
furnace,  through  which  an  iron  tube  or  gun  barrel,  K F.  passes. 
In  this  tube  there  is  a quantity  of  iron  filings,  over  which  the 
steam  of  water  proceeding  from  a retort  A.  placed  in  a large 
crucible  V.  passes,  and  is  decomposed ; the  oxygen  of  the 
water  combining  with  the  iron  tilings,  whilst  the  hydrogen  is 

set  free,  to  pass 
through  a vermi- 
cular tube  R into  a 
gas  bottle  II,  ami 
from  thence  by 
the  tube  K into 
any  convenient 
receiver.  Hydro- 
gen is  one  of  the 
constituent  ele- 
ments of  water.  It  is  also  one  of  the  ingredients  of  bitumen, 
of  oils,  fab  ardent  spirits,  ether,  and  in  fact  of  animal  and 
vegetable  bodies ; it  also  forms  a part  of  all  animal  and  vege- 
table acids ; and  it  is  one  of  ibe  bases  of  ammonia,  nnd  of 
various  compound  gases.  It  possesses  so  great  an  affinity  for 
caloric,  that  it  can  be  obtained  only  in  the  state  of  gas.  It  is 
consequently  impossible  to  procure  it  in  the  concrete  or  liquid 
state,  independent  of  combination.  Hydrogen  united  to  caloric 
and  light,  forms  hydrogen  gas.  Hydrogrn  gas  united  to  car- 
bon, forms  carburetted  hydrogrn  gas,  by  which  streets,  shops, 
theatres,  and  churches  are  lighted. 

Nitrogen,  called  also  azote,  is  a simple  body,  very  abundant 
in  nature,  though  not  producible  in  an  uncombined  slate.  It 
is  one  of  the  component  parts  of  atmospheric  air.  and  also  of 
all  animal  and  vegetable  bodies,  nitric  acid,  and  ammonia.  It 
enters  into  combination  with  light  and  caloric.  This  com- 
pound is  called  nitrogen  gas. 

Boron,  is  a powder  of  u brown  colour;  inodorous  and  insipid ; 
electric;  incombustible  in  covered  vessels,  but  increases  in 
density  when  tbe  heat  is  augmented ; insoluble  in  etber,  oils, 
alcohol,  and  water. 

Silian,  is  a powder  of  a dark  colour,  incombustible  at  a high 
temperature. 

COMET,  an  opaque,  spherical,  and  solid  body,  like  a planet, 
performing  revolutions  about  the  sun  in  elliptioal  orbits,  having 
the  sun  in  one  of  their  foci.  See  Astronomy. 

COMMENDAM,  a benefice  or  ecclesiastical  living,  which 
being  void,  or  to  prevent  its  becoming  so,  is  committed  com- 
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tumriutur,  to  the  care  of  a clerk,  to  be  supplied  till  a proper 

astor  Li  appointed.  When  a person  is  made  a bishop,  his 

cnelioc  is  void  by  the  promotion ; bat  if  the  king  give  him 
power  to  retain  it,  he  is  said  to  hold  it  in  commcndatn. 

COMMERCE,  in  a general  point  of  view,  is  usually  dis- 
tinguished into  two  kinds,  the  commerce  of  import  and  of 
export;  but  there  is  little  reason  for  this, distinction,  for  what- 
ever a nation  imports,  it  mast  have  paid  an  equivalent  for  to 
the  country  of  which  it  is  purchased,  and  consequently  the  two 
branches  are  intimately  dependent,  and  could  not  exist  sepa- 
rately for  any  considerable  period.  The  valoe  obtained  in 
foreign  markets,  for  the  goods  or  manufactures  which  a nation 
exports,  repays  the  labour  of  procuring  or  manufacturing  them, 
with  a profit  to  the  master  manufacturer  and  to  the  exporting 
merchant;  and  this  value  being  invested  in  foreign  produce, 
which  on  importation  affords  a further  profit  to  the  merchant, 
it  is  evident  that  the  transaction,  while  it  supports  individuals, 
makes  a real  addition  to  the  wealth  of  the  country,  by  the 
greater  value  of  tin;  returns  imported  beyond  that  of  the  goods 
exported.  Commerce,  therefore,  while  it  is  the  means  of  pro- 
curing a mutual  interchange  of  conveniences  between  distant 
countries,  and  of  extending  knowledge  and  civilisation  over 
every  part  of  the  globe,  contributes  essentially  to  the  strength 
and  influence  of  the  countries  by  which  it  is  cucouingrd. 

COMMISSARY,  in  the  ecclesiastical  Law,  an  officer  of  the 
bishop,  who  exercises  spiritual  jurisdiction  in  places  of  a 
diocese  so  far  from  the  episcopal  see,  that  the  chancellor  can- 
not call  the  people  to  the  bishop's  principal  consistory  court, 
without  giving  them  too  much  inconvenicncy. 

COMMISSARY  General  or  tub  Mtrrrtas,  an  officer 
appointed  to  muster  the  army  as  often  as  the  general  thinks 
proper,  in  order  to  know  the  strength  of  each  regiment  and 
company,  to  receive  and  inspect  the  muster-rolls,  and  to  keep 
an  exact  state  of  the  strength  of  the  army. 

Commissary  General  of  Store*,  an  officer  in  the  artillery,  who 
has  the  charge  of  all  the  stores,  for  which  he  is  accountable  to 
the  office  of  ordnance. 

Commissary  General  of  Provision*,  an  officer  who  has  the 
inspection  of  the  bread  and  provisions  of  the  army. 

COMMISSION,  in  common  Law,  the  warrant  or  letters- 
pateut  which  all  persona,  exercising  jurisdiction,  have  to 
empower  them  to  hear  or  determine  any  cause  or  suit ; as  the 
commission  of  the  judges,  Ac.  Most  of  the  great  officers, 
judicial  and  ministerial,  of  the  realm  arc  made  also  by  com- 
mission. By  means  of  commission,  oaths,  cognizance  of  lines, 
answers  in  chancery,  he.  are  taken,  witnesses  examined, 
offices  found.  Arc. 

Commission  of  Bankruptcy,  is  the  commission  that  issues 
from  the  lord  chancellor,  on  a person’s  becoming  a bankrupt 
within  any  of  the  statutes,  directed  to  certain  commissioners 
appointed  to  examine  into  it, 

COMMITMENT,  in  Law,  the  sending  of  a person  charged 
with  some  crime  to  prison  by  warrant  or  order.  A commitment 
may  be  made  by  the  king  and  council,  by  the  judges  of  the  law, 
the  justices  of  peace,  or  other  magistrate,  who  have  authority 
by  the  laws  ana  statutes  of  the  realm  so  to  do. 

COMMITTEE  of  Parliament,  h certain  number  of  mem- 
bers appointed  by  the  House  for  the  examination  of  a bill, 
making  report  of  an  inquiry,  process  of  the  house,  &c.  When 
a parliament  is  called,  and  the  speaker  and  members  have 
taken  the  oaths,  there  are  committees  appointed  to  sit  on 
certain  days,  nx.  the  committee  of  privileges  and  elections, 
of  religion,  of  trade,  he.  which  are  standing  committees. 
Sometimes  the  whole  House  resolves  itself  into  a committee, 
on  which  occasion  each  person  has  a right  to  speak  and  reply 
ns  often  as  he  pleases,  which  is  not  the  case  when  the  House  is 
not  in  a committee, 

COMMON,  is  a sight  of  privilege  which  one  or  more  persons 
claim  to  take  or  use,  in  some  part  or  portion  of  that,  w hich 
another  man's  lands,  waters,  woods,  he.  naturally  produce, 
without  having  an  absolute  property  in  socb  lands,  woods, 
waters,  he. 

COMMON  Law,  that  body  of  rules  received  as  law  in  Eng- 
land, before  any  statute  was  enacted  in  parliament  to  alter  the 
same. — The  common  law  is  grounded  upon  the  general  customs 
of  the  realm,  including  the  law  of  nature,  the  law  of  God,  and 


the  principles  and  maxims  of  law.  It  is  also  founded  on  reason, 
as  said  to  be  the  perfection  of  reason  acquired  bv  long  study, 
observation,  and  experience,  and  refined  by  the  learned  in  all 
ages.  It  may  likewise  be  said  to  be  the  common  birthright, 
that  the  subject  has  for  the  safeguard  and  defence  not  only  of 
his  goods,  lands,  and  revenues,  but  of  his  wife,  children,  life, 
fame,  (ko.  Our  common  law,  it  is  said,  after  the  heptarchy, 
was  collected  together  into  a body  by  divers  of  our  ancient 
kings,  who  commanded,  that  it  should  be  observed  through  the 
kingdom  ; and  it  was,  therefore,  called  common  law,  because  it 
was  common  to  the  whole  nation  and  before  only  affected 
certain  parts. 

COMMON  PLEAS,  one  of  the  king's  courts  held  in  West- 
mister  Hall,  wherein  a lord  chief  justice  and  three  puisne 
justices  preside.  In  personal  and  mixed  actions  it  has  a con- 
current jurisdiction  with  the  court  of  Ling's  bench,  but  has  no 
cognizance  of  pleas  of  the  crown. 

COMMONS,  in  Parliament,  arc  the  lower  house,  consisting 
of  knights  elected  by  the  counties,  and  of  citizens  and  burgesses 
by  the  cities  and  borough  towns. 

COMPANY,  a society  of  merchants,  tradesmen,  or  others, 
united  in  one  common  interest.  When  there  are  only  two, 
three,  or  four,  thus  associated,  it  is  called  a partnership;  the 
word  company  being  usually  restrained  to  a considerable  num- 
ber of  members  associated  by  prescription  or  charter.  The 
mechanics  of  all  towns  incorporated  are  thus  formed  into 
companies,  which  have  charters  of  privileges  and  immunities. 
In  London  they  are  numerous,  and  many  of  them  are  very  rich. 
In  a commercial  sense,  the  term  company  denotes  a large 
association  formed  for  the  purpose  of  trade  ; thus  we  have  the 
Hamburgh  company,  the  oldest  trading  establish  meat  ia  the 
kingdom,  incorporated  in  1295  ; the  Russia  company,  confirmed 
by  charter  in  16G6;  the  Eastland  company,  settled  in  1679 ; 
the  South  Sent  company,  formed  in  the  rci  n n of  Queen  Anne  ; 
the  East  India  company,  originally  established  in  1603;  and, 
lastly,  the  Hudson's  Bay  company,  first  chartered  in  1670. 

Company,  to  the  army,  a body  of  foot  commanded  by  a cap- 
tain, who  has  under  him  a lieutenant  and  an  ensign ; the 
nomber  of  men  from  60  to  00. 

COMPARATIVE  ANATOMY,  »x  that  which  considers  the 
bodies  of  other  animals,  serving  for  the  more  accurate  distinc- 
tions of  several  parts,  and  supplying  the  defects  of  human 
subjects.  Comparative,  however,  docs  not  strictly  stand  in 
contradistinction  to  human  anatomy ; bot  while  it  embraces  the 
whole  circle  of  animated  existence,  consider*  man  as  the 
standard  of  its  comparisons,  and  the  primary  object  of  it* 
inquiries. 

COMPARISON,  in  Rhetoric,  a figure  which  illustrates  one 
thing  by  resembling  it  to,  and  comparing  it  with,  another,  to 
which  it  has  a manifest  relation. 

COMPASS,  as  represented  in  the  annexed  figure,  an  instru- 
ment employed  by  pilots  to  ascertain  the  ship's  course  at  aea, 

consisting  of  a circu- 
lar box,  containing 
a paper  card.  The 
card,  which  repre- 
sents the  horizon,  ia 
divided  into  32  equal 
parts,  by  lines  drawn 
from  the  centre  to  the 
circumference,  called 
points  or  rhumbs ; the 
interval*  between  tbe 
points  are  also  subdi- 
vided into  halves  and 
quarters,  aud  also  the 
whole  circumference 
into  equal  parts  called 
degrees,  360  of  which 
complete  the  circle, 
and  consequently  the 
distance,  or  angle,  comprehended  between  any  two  rhumb*, 
is  equal  to  11|  degrees,  or  15  minutes.  The  four  principal 
points  are  called  the  cardinal  points,  two  of  which,  opposite  to 
each  other,  are  called  the  north  end  south  points;  that  which 
is  toward  the  right  hand  when  we  look  north,  is  termed  th« 
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ea*t.  and  its  opposite  the  west  point;  the  names  of  all  the  I 
inferior  ones  are  compounded  of  these  according  to  their  sitaa> 
tion.  Along  the  north  and  south  line  is  fixed  a small  bar  of 
steel,  termed  the  needle,  which,  being  touched  by  the  load- 
st<  ne,  acquires  a certain  virtue,  whereby  it  hangs  nearly  in  the 
plane  of  the  meridian,  and  consequently,  determines  the 
direction  of  the  other  points  towards  the  horizon.  This  card 
and  needle  having  a small  socket  in  the  centre,  is  supported 
on  the  point  of  a fine  pin  of  steel,  the  whole  being  confined  in 
the  circular  box,  with  a glass  cover,  which  box  is  bung  in 
gimbals  to  counteract  the  motion  of  the  ship.  A square  box, 
with  a moveable  lid.  serves  to  support  tbc  gimbals,  and  secures 
the  compass  from  accident  in  removals. 

The  “ Board  of  Longitude"  have  voted  £500  to  Peter  Bar- 
low,  for  a very  simple  invention  of  coring  the  local  attraction 
of  ship*,  by  placing  abaft  the  compass,  a plate  of  iron,  which 
being  regulated  so  as  to  correct  the  effects  of  the  ship  iu  any 
place,  does  the  same  in  all  places. 

COMPASSES,  Beam,  a machine  to  draw  large  circles  or 
arcs.  The  beam  may  be  any  length  from  2 to  0 feet,  armed 
with  two  cursors  of  brass,  one  fixed  and  the  other  moveable. 
These  cursors  may  be  formed  of  points  of  brass,  steel,  pencils, 
fee.  and  the  fixed  cursor  has  sometimes  an  adjusting  micro- 
meter screw  applied  to  it,  for  the  more  ready  obtaining  of 
extents. 

Compasses,  or  Pair  of  Compasses,  a mathematical  instrument 
for  describing  circles,  measuring  and  dividing  lines  or  figures, 
See.  The  common  Compasses  consists  of  two  sharp-pointed 
branches  or  legs,  of  iron,  steel,  brass,  or  other  metal,  joined 
together  at  the  top  by  a rivet,  about  which  they  move  as  on 
a centre;  and  arc  too  well  known  to  need  any  particular 
description. 

Compasses  of  three  Leg*,  or  Triangular  Compasses  : the 
construction  of  which  is  like  that  of  the  common  compasses, 
with  the  addition  of  a third  leg  or  point,  which  has  a motion 
every  way.  Their  use  is  to  take  three  points  at  once,  and  so 
to  form  triangles,  and  lay  down  three  positions  oT  a map  to  be 
copied  at  the  same  time. 

Cylindrical  and  Spherical  Compasses,  consist  of  four  branches, 
joined  in  a centre,  two  of  which  are  circular  and  two  list,  a 
little  bent  at  the  ends:  their  use  is  to  take  the  diameter, 
thickness,  or  caliber  of  round  or  cvlindric  bodies,  such  as  guus, 
pipes,  &c. 

Elliptic  Compasses.  These  are  used  for  drawing  ellipses, 
or  ovals  of  any  kind  ; they  consist 
of  a beam  A B,  about  a foot  long,  ^ 
bearing  three  cursors,  to  one  of  u 
which  may  be  screwed  any  point  or 
pencil : to  the  bottom  of  the  other 
two  are  riveted  two  sliding  dove- 
tails, adjusted  in  grooves  made  in 
the  cross  branches  of  the  instru- 
ment. These  having  a motion  every 
way.  by  turning  about  the  long 
branch,  go  backwards  and  forwards 
along  the  cross ; so  that  when  the  beam  has  gone  half  wav 
about,  one  of  these  will  have  moved  the  whole  length  of  one  of 
the  branches,  and  when  it  has  got  quite  round,  the  same  dove- 
tail has  got  back  the  whole  length  of  the  branch  ; and  the  same 
may  be  repeated  on  the  other  side.  The  distance  between  the 
two  sliding  dove-tails  is  the  distance  between  the  two  foci  of 
the  ellipsis;  so  that  by  changing  that  distance,  any  proposed 
ellipse  may  he  described. 

Carman  Compasses,  have  their  legs  a little  bent  outwards, 
towards  tbc  top ; so  that  when  shut,  the  points  only  meet. 

Hair  Compasses,  are  so  contrived  within  side,  by  a small 
adjusting  screw  to  one  of  the  legs,  as  to  take  an  extent  to  a 
hair's  breadth. 

Proportional  Compasses,  are  those  in  which  the  joint  lies, 
not  at  the  end  of  the  legs,  but  between  the  points  terminating 
each  leg.  These  are  either  simple  or  compound.  In  the 
former  sort  the  centre  or  place  of  the  joint  is  fixed  ; so  that  one 
pair  of  them  serves  only  for  one  proportion.  In  the  compound 
ones  the  jhint  may  be  set  at  any  distance,  and  consequently 
liny  proportion  whatever  easily  obtained. 

Spring  Compass*  8,  or  Dividers,  arc  made  of  hardened  steel, 
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with  an  arched  head,  which  by  its  springs  opens  the  legs  ; the 
opening  being  directed  by  a circular  screw  fastened  to  one  of 
the  legs  let  through  the  other,  and  worked  with  a nut. 

Geometry  of  the  Compasses,  a species  of  geometry  invented 
by  M.  Mascheroni.  of  Milan,  by  which  all  the  elementary 
problems  of  plane  geometry  arc  performed  by  the  compasses 
only,  without  the  use  of  the  ruler. 

COMPLEMENT  of  an  Arch  or  Angle,  is  what  it  wants  of 
90  degrees ; thos  the  complement  of  60°  is  40°,  and  the  com- 
plement of  40p  is  60. 

Arithmetical  Complement,  of  a logarithm,  is  what  the  loga- 
rithm wants  of  1000000,  &c. ; and  the  easiest  way  to  find  it  is, 
beginning  at  the  left  hand,  to  subtract  every  figure  from  9, 
and  the  last  from  10.  So  the  arithmetical  complement  of 
8*2501390  is  1*7498604.  It  is  commonly  used  in  trigonome- 
trical calculations,  when  the  first  term  of  a proportion  is  not 
radius;  in  that  case,  add  together  the  logarithms  of  the  3d,  2d, 
and  arithmetical  complement  of  the  first  term,  and  subtract 
10  from  the  result. 

Complement,  in  Astronomy,  denotes  tbc  distance  of  a star 
from  the  zenith  ; or  the  arch  comprehended  between  the  place 
of  the  star  above  the  horizon  and  the  zenith,  being  the  same  as 
is  otherwise  called  the  co-latitude. 

Complements  of  a Parallelogram,  are  the  two  smaller 
parallelograms  made  by  drawiog  two  right  lines  through  a 
point  in  the  diagonal. 

COMPLEX  Terms  or  Ideas,  In  Logic,  are  such  as  are  com- 
pounded of  several  simple  ones.  Complex  Proposition,  is  that 
which  has  at  least  one  of  its  terms  eomplex  ; or  such  as  cotv- 
tain  several  members  as  casual  propositions,  or  its  several 
ideas  offering  themselves  to  our  thoughts,  by  which  wc  arc  led 
to  affirm  the  same  thing  of  different  objects.  Thus,  neither 
kings  nor  people  are  exempt  from  death. 

COMPLEXION,  a term  technically  denoting  the  tempera- 
ment, habitude,  and  natural  disposition  of  the  body;  but 
popularly  signifying  the  colour  of  the  face  and  skin. 

COMPOSITION,  in  Grammar,  the  joining  of  two  words 
together  ; or  prefixing  a particle  to  another  word,  to  change,  or 
lessen,  or  augment  its  signification.-'  In  Logic,  composition  is 
a method  of  reasoning,  by  which  we  proceed  from  a general 
truth  to  particular  ones. — In  Yusic.  composition  is  tho  art  of 
adapting  sounds  to  airs,  songs,  &c.  either  in  one  or  more 
parts,  for  the  voice  or  instrument. — In  Painting,  composition 
denotes  the  choice  and  disposition  of  the  figures  of  a picture. 

Composition,  in  Commerce,  a contract  between  an  insolvent 
debtor  and  bis  creditors,  by  which  tho  latter  agree  to  take  a 
part  of  the  debt  in  compensation  for  the  whole. 

Composition,  or  Composing,  in  Printing,  is  the  arranging  of 
the  types  or  letters  in  the  composing-slick,  in  order  to  form  a 
line;  and  of  several  lines  ranged  in  order  in  the  galley,  to  tnako 
a page;  mid  of  several  pages,  to  make  a form. 

Composition  of  Motion,  in  Mechanics,  is  an  assemblage  of 
several  directions  of  motion  resulting  from  several  powers, 
acting  in  different  though  not  opposite  directions. 

Composition  of  Proportion , is  the  comparing  the  sum  of  the 
antecedent  and  consequent  with  the  consequent,  in  two  equal 
ratios  , as.  suppose  4 : 8 : : 3 : 6,  they  say  by  composition 
of  proportion  12  : 8 : : 9 : 0.  The  same  bolds  of  the  sum  of 
the  antecedent  and  consequent  compared  with  the  antecedent; 
thus  wc  say,  12  : 4 : : 9 : 6.  There  is  a great  difference 
between  composition  of  proportion  by  addition  and  bj  multi- 
plication. See  Proportion. 

COMPOST,  in  Husbandry  and  Gardening,  several  sorts  of 
soils  or  earthy  matters  mixed  together,  to  make  a manure  for 
assisting  the  natural  earth  in  vegetation. 

COMPOUNDS,  Primary,  in  Chemistry,  are:  1.  Alkalies, 
earths,  oxides,  acids,  and  compound  combustibles.  Secondary 
compounds  arc  combinations  of  earths  with  each  other,  and 
with  metallic  oxides;  combinations  of  Earths  with  alkalies; 
combinations  of  acids  with  alkalies,  earths,  and  metallic 
oxides  ; combinations  of  sulphuretted  hydrogen  w ith  alkalies, 
earths,  and  metallic  oxides ; and  lastly,  corabiualions  of  oils 
with  aiknlies,  earths,  and  metallic  oxides. 

COM  PREHENSION,  in  Rhetoric,  puts  the  whole  for  a part, 
or  a part  tor  the  whole. 

COMPRESSIBILITY,  in  Philosophy,  that  quality  of  a body 
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or  fluid,  by  which  it  yields  to  the  pressure  of  another  body  or 
force,  so  as  to  be  brought  into  a nurrower  compass.  The  com- 
pressibility of  water  was  for  a long  time  doubted  by  philoso- 
phers, and  the  famous  Florentine  experiment  seemed  for  a 
time  to  decide  the  question  in  the  negative.  But  water  is 
really  compressible  into  less  than  its  natural  bulk,  and  is  more 
so  in  winter  than  in  summer;  but  with  spirits  of  wine  and  oil 
of  olives,  the  contrary  takes  place,  these  being  most  compres- 
sible in  the  latter  season.  The  following  table  shews  the 
quantity  of  compression  of  these  fluids  and  mercury,  when  the 
thermometer  was  at  50^,  and  barometer  inches. 

Cootprauiaa  of  Mil  booth  part*.  .HiwciAc  frariiy. 

Spirits  oT  wine, 00 840 

Oil  of  olives 48 UlH 

Kain  water, 46  1000 

Seawater 40 Urjs 

Mercury,.., 3 136U6 

Whence  these  fluids  arc  not  only  compressible,  bot  elastic; 
but  that  their  degree  of  compressibility  is  not,  as  might  have 
been  expected,  in  the  inverse  ratio  of  their  densities. 

COMPUTATION,  the  method  of  estimating  time,  weights, 
measures,  &c. 

CONCAVE,  an  expression  used  to  denote  the  curvilinear 
vacuity  of  hollow  bodies. 

Concave  Lenses,  or  Mirrors,  have  either  one  or  both  sides 
concave.  , Srr  Lens  and  Mirror. 

CONCAVITY,  from  concave,  the  hollow  or  vacuity  of  bodies. 

CONCAVO-Concavf.  Lrns,  is  that  which  is  concave  on 
both  sides.  Coucavo-Gmms  Lens,  is  that  which  is  concave 
on  one  side,  and  convex  on  the  other. 

CONCENTRATION,  the  bringing  tilings  nearer  to  a centre  : 
whence  the  particles  of  salt  water  are  said  to  be  concentrated  ; 
by  evaporating  the  watery  part. 

Concentration,  in  Chemistry,  the  act  of  increasing  the 
strength  of  fluids,  which  are  rendered  stronger  by  abstmrting 
a portion  of  the  mere  menstruum.  This  is  generally  effected 
by  evaporation,  where  the  menstruum  is  driven  off  at  a lower 
heat  than  is  required  to  drive  off  the  substance  with  which  it  is 
united. 

CONCENTRIC,  having  a common  centre,  as  concentric 
circles,  ellipses,  kc. 

CONCESSION,  in  Rhetoric,  a figure  by  which  something  is 
allowed  that  yet  might  be  disputed,  in  order  to  obtaiu  another 
point. 

CONCHOLOGY.  The  study  of  shells,  or  testaceous  ani- 
mals, is  a branch  of  natural  history,  tliouch  not  greatly  useful 
in  human  economy,  yet  by  the  beauties  of  the  subjects  of  which 
it  treats,  is  adapted  to  recreate  the  senses,  and  insensibly  lead 
to  (he  contemplation  of  the  glory  of  the  Divinity  in  their 
creation.  The  term  conchology  comprehends  the  study  of  all 
animals  which  have  a testaceous  covering,  whether  inhabitants 
ol  the  marine  element,  fresh  water,  or  the  land.  Testaceologv 
is  a term  synonymous  with  concholugy,  but  is  of  later  origin 
and  application. 

CONCLAVE,  the  place  in  which  the  cardinals  of  the  Romish 
church  meet  and  are  shut  up,  in  order  to  the  election  of  a pope. 
The  conclave  is  a range  of  small  colls,  ten  feet  square,  made  of 
wainscot:  these  are  numbered,  and  drawn  for  by  lot.  They 
stand  in  a line  along  the  galleries  and  hall  of  the  Vatican,  with 
a small  space  between  each.  Every  cell  has  the  arms  of  the 
cardinal  over  it.  The  conclave  is  not  fixed  to  anv  one  deter- 
minate place,  for  the  constitutions  of  the  church  allow  the  car- 
dinals to  make  choice  of  todi  a place  for  the  conclave  as  they 
think  most  convenient;  yet  it  is  generally  held  in  the  Vatican. 
The  conclave  is  very  strictly  guarded  by  troops ; neither  the 
cardinals,  nor  any  person  shot  up  in  the  conclave,  arc  spoken 
to  but  at  the  hours  allowed  of,  and  then  in  Italian  or  Latin  ; 
even  the  provisions  for  the  conclave  are  examined,  that  no 
letters  he  conveyed  by  that  means  from  the  ministers  of  foreign 
powers,  or  other  persons  who  may  have  an  interest  in  the 
election  of  the  pontiff. 

CONCOCTION,  in  Anatomy,  8cc.  may  be  defined  the  action 
ot  fitting  our  daily  aliment  lor  the  support  and  nourishment  of 
our  bodies;  and  also  (he  description  of  all  that  disposition  of  ; 
parts  and  mechanism  of  system  which  unite  in  effecting  that 
change  in  our  food  by  which  it  is  converted  into  blood,  chyle. 


Sec.  To  have  a clear  idea  of  the  manner  in  which  concoction  i» 
performed,  we  must  distinguish  it  into  three  stages : the  first  is 
performed  in  tbe  progress  of  the  aliment  from  the  mouth  down 
to  the  lacteal*;  which  are  vessels  that  receive  the  chyle  from 
the  intestines ; the  second  is  performed  in  the  passage  of  the 
milky  liquor  called  chyle,  through  the  lacteal  vessels  to  the 
loins,  and  then  up  under  the  collar  bone,  w here  it  mingles  with  the 
blood  ; the  third,  or  ultimate  stage  of  concoction,  is  performed 
by  the  circulation  of  the  blood  and  chyle  together  through 
the  lungs,  and  the  whole  arterial  system.  In  all  these  stages, 
the  design  st  ems  evidently  to  have  been  to  grind  and  dissolve 
tbe  aliment,  and  to  incorporate  it  with  a large  quantity  of 
animal  juices  already  prepared,  and  reduce  it  at  lust  to  the 
very  same  substance  with  our  blood  and  humours. 

In  the  first  stage  of  concoction,  by  a curious  configuration  of 
parts,  and  action  of  muscles,  adapted  to  their  respective  func- 
tions, our  food  is  ground  small  by  the  teeth,  and  moistened  by 
a copious  saliva  in  the  mouth.  It  is  in  tbe  next  place  swal- 
lowed, and  conveyed  down  the  gullet,  where  it  is  farther 
mollified  and  lubricated  by  a viscid  unctuous  humour,  distilled 
from  the  glands  of  that  canal.  From  thence  it  slips  into  the 
stomach,  where  several  causes  concur  towards  its  complete 
dissolution.  It  is  diluted  by  the  juices,  swelled  and  subtilized 
by  the  internal  air,  and  it  is  macerated  aid  dissolved  by  the 
heat  which  it  meets  with  in  the  cavity  . It  is  also  agitated  and 
attenuated  by  tbe  perpetual  friction  of  the  coats  of  the 
stomach,  and  the  pulsation  of  the  arteries  there  ; by  the  alter- 
nate elevation  and  depression  of  the  diaphragm  or  midriff  in 
breathing;  and  by  the  compression  of  the  strong  muscles  of 
the  belly.  After  a proper  stjay.  it  is  gradually  propelled  into 
the  intestines,  in  the  form  of  a thick,  smooth,  uuiforra,  ash- 
coloured  fluid. 

When  our  aliment,  thus  prepared,  arrives  at  the  intestines, 
it  is  there  mixed  with  three  different  sorts  of  liquors.  It 
receives  two  kinds  of  bile;  the  one,  thick,  yellow,  and 
extremely  bitter,  from  tbe  gall-bladder ; the  other,  scarcely 
bitter,  or  yellow,  but  in  a much  larger  quantity,  from  the  liver. 
The  third  liquor  that  falls  hereupon  the  food, issues  plentifully 
from  a large  glandular  substance,  railed  the  pancreas  or  sweet- 
bread, and  is  a limpid  mild  fluid,  like  tbe  saliva,  which  serves 
to  diluto  and  sweeten  what  may  be  too  thick  and  acrimonious. 
Tho  two  saponaceous  biles  resolve  and  attenuate  viscid  sub- 
stances ; incorporate  oily  fluids  with  aqueous  ones,  making  the 
whole  mixture  homogeneous;  and  by  their  penetrating  and 
detergent  qualities  render  the  chyle  fit  to  enter  tbe  lacteal 
veins,  into  which  it  is  conveyed,  partly  by  their  absorbent 
nature,  and  partly  by  the  peristaltic  motion  of  the  intestines. 

If  we  now  consider  the  change  which  our  aliment  has  under- 
gone, in  the  mouth,  gullet,  and  stomach,  together  with  a large 
quantity  of  bile,  and  pancreatic  juice  poured  upon  it  in  the 
intestines  ; and  if  we  reflect  also  on  the  incessant  action  of  the 
muscles,  blending,  churning,  and  incorporating  the  whole,  we 
shall  readily  perceive,  that  their  united  agency  must  alter  the 
flavours  and  properties  of  the  different  kinds  of  food,  in  such  a 
manner  as  to  bring  the  chyle  nearer  in  its  nature  to  our  animal 
juices,  than  to  the  original  substances  from  which  it  ua» 
formed.  Our  food,  thus  changed  into  chyle,  constitutes  the 
first  stage  of  concoction:  and  we  shall  find  the  same  asMmiia- 
tion  carried  on  through  the  second. 

The  next  stage  begins  with  the  slender  lacteal  veins,  where 
they  arise  from  the  intestines  by  an  innumerable  multitude  of 
invisible  pores,  through  which  the  fine,  white,  fluid  part  of  the 
chyle  is  strained  or  absorbed  ; while,  at  the  same  time,  the 
gross,  yellow,  fibrous  part,  conveyed  slowly  forward,  and  fur- 
ther attenuated  in  the  long  intestinal  tube,  is  perpetually  press- 
ed and  drained  of  its  remaining  chyle,  until  the  dregs,  becom- 
ing at  last  useless,  arc  ejected  out  of  the  body.  These  lacteal 
veins  issue  from  the  intestines  in  various  directions,  sometimes 
straight,  and  then  oblique,  often  uniting  and  growing  larger, 
bot  presently  separating  again.  They  frequently  meet  at  acute 
angles,  and  enter  Into  soft  glands  dispersed  through  the  me- 
sentery, from  which  they  proceed  larger  than  before,  and  more 
turgid,  with  a tine  lymphatic  fluid  : in  most  place*  also  they 
run  contiguous  to  the  mesenteric  arteries,  by  whose  pulsslion 
their  load  is  pushed  forward.  And  thus,  afier  various  comiru- 
nications,  separations,  and  protrusions,  the  lacteal  veins  pour 
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their  chyle  into  a sort  of  cistern  or  reservoir  formed  for  that 
purpose,  between  the  lowest  portion  oi  the  diaphragm  and 
highest  vertebre  of  the  loins.  It  is  very  remarkable,  that  these 
veins  are  furnished  with  proper  valves,  which  permit  the  chyle 
to  move  forward,  hut  effectually  stop  ita  return  ; and  that  a 
great  number  of  veins  purely  lymphatic,  as  well  as  the  lacteal 
ones,  empty  themselves  into  the  same  cistern. 

In  all  this  contrivance  it  is  evident,  lhat  the  chyle,  being 
more  and  more  diluted  and  blended  with  abundance  of  lymph 
from  the  glands  through  which  it  passes,  and  from  other 
sources,  approaches  still  nearer  to  the  nature  of  our  animal 
juices,  and  consequently  becomes  more  fit  for  nutrition. 

The  chyle  is  pushed  from  its  reservoir  into  a narrow  transpa- 
rent pipe,  called  the  thoracic  duct,  which  climbs  in  a perpen- 
dicular direction  by  the  side  of  the  back-bone,  from  the  loins 
up  to  the  collar-bone,  and  opens  into  the  subclavian  vein : 
where,  by  the  peculiar  arrangement  of  several  small  valves, 
the  chyle  mingles  gently  with  the  blood  after  it  has  been 
thoroughly  elaborated,  and  attenuated  with  lymph  from  every 
part  of  the  thorax,  or  great  cavity  of  the  breast,  and  is  from 
thence  soon  conveyed  to  the  heart. 

Thus  we  may  perceive,  that  by  a wonderful  mechanism,  a 
large  quantity  of  chyle  and  lymph  is  forced  upwards,  in  a 
perpendicular  course,  through  a thin  slender  pipe ; but  to 
render  this  more  plain,  the  following  particular*  must  be 
attended  u>:— -First,  to  the  progress  of  the  chyle,  urged  forward 
and  continued  from  the  antecedent  action  of  the  intestines,  and 
the  beating  of  the  mesenteric*  arteries.  Secondly,  to  the 
motion  of  the  diaphragm  and  lungs,  in  respiration,  pressing 
the  thoracic  duct  that  lies  under  them,  whilst  the  thorax, 
rising  and  falling,  resists  their  action,  whereby  the  duct  is 
squeezed  between  two  contrary  forces,  and  the  liquor  which  it 
contains  pushed  upwards.  Thirdly,  this  duct  runs  close  by 
the  side  of  the  great  artery,  (called  by  aua'.oniists,  the  superior 
portion  of  the  descending  aorta,)  whose  strong  pulsation 
presses  its  yielding  sides,  and  compels  the  chyle  and  lymph  to 
mount  in  an  upright  ascent.  Fourthly,  h must  be  observed, 
that  this  duct  is  accommodated  with  valves,  which  permit  its 
contents  to  move  upwards  by  every  compression,  but  never  to 
fall  back  again.  Thus  terminates  the  second  stage  of  concoc- 
tion, when  the  chyle  falls  into  the  heart.  And  it  may  be  seen, 
that  in  the  progress  through  these  two  stages,  our  aliment  has 
been  mixed  accurately  with  all  the  substances  or  principles 
which  compose  the  blood,  vix.  saliva,  mucus,  lymph,  bile, 
water,  salts,  oil,  and  spirits.  The  most  fluid  aud  subtile  parts 
of  our  aliment,  before  and  after  it  is  elaborated  into  chyle,  pass 
into  the  blood  by  certain  absorbent  veins  dispersed  all  over 
the  mouth,  gullet,  stomach,  and  intestines:  when  we  consider 
how  quickly  refreshments  and  strength  arc  communicated  to 
weary,  faint,  aud  hungry  people,  immediately  upon  drinking  a 
glass  of  good  wine,  or  eating  any  cordial  spoon-meat,  this 
remark  will  appear  the  more  ohvinus. 

The  third  stage  begins  where  the  chyle  mingles  with  the 
blood,  and  falling  soon  into  the  right  ventricle  of  the  heart,  i« 
from  thence  propelled  into  the  lungs.  It  will  appear  that  the 
lungs  arc  the  principal  instruments  of  converting  the  chyle 
into  the  blood  ; especially  if  we  consider  their  structure,  first 
with  regard  to  the  air-vessels  of  which  they  are  composed, 
and  secondly,  with  regard  to  their  lilood-vesscls;  for  wc  shall 
then  clearly  perceive  the  change  which  their  fabric  and  action 
must  produce  on  the  chyle. 

The  windpipe  is  composed  of  segments  of  cartilaginous 
rings  on  the  fore  part,  to  give  a IVee  passage  to  the  air  in  respi- 
ration ; and  of  a strong  membrane  on  its  hack  part,  to  bend 
with  the  neck,  and  give  way  to  the  gullet  in  deglutition.  This 
pipe  is  lined  throughout  with  an  infinity  of  glands,  which 
perpetually  distil  an  unctuous  dense  humour  to  lubricate  and 
anoint  ihe  passages  of  the  air.  Soon  after  the  windpipe  has 
descended  into  the  cavity  of  the  breast,  it  is  divided  into  two 
great  branches;  and  these  two  are  subdivided  into  innumerable 
ramifications  called  bronchia,  which  become  smaller  in  their 
progress,  (not  much  unlike  a bushy  tree  inverted.)  until  at  last 
they  terminate  in  millions  of  little  bladders  which  hang  t:i 
dusters  at  their  extremities,  and  arc  inflated  by  their  admis- 
sion of  air.  and  subside  at  its  expulsion.  The  clnsteis  consti- 
tute the  lobes  of  the  lungs. 


The  blood-vessels  of  the  lungs  next  deserve  our  attention. 
The  branches  of  the  pulmonary  artery  run  along  with  those  of 
the  windpipe,  and  are  ultimately  subdivided  into  an  endless 
number  of  capillary  ramifications,  which  are  spread  like  a fine 
net-work  over  the  surface  of  every  individual  air-bladder;  and 
the  pulmonary  vein,  whose  extreme  branches  receive  the  blood 
and  chyle  from  those  of  the  arteries,  run  likewise  in  form  ol  a 
net  over  all  the  air-bladders  of  the  bronchia. 

From  this  admirable  structure  of  the  lung*,  it  is  obvious, 
that  the  crude  mixture  of  the  blood  and  chyle,  passing  through 
the  minute  ramifications  of  the  pulmonary  artery  and  vein,  is 
compressed  and  ground  by  two  contrary  forces,  ris.  by  that  of 
the  heart,  driving  the  mixture  forward  against  the  sides  of  the 
bronchia  and  air-bladders;  and  by  the  elastic  force  of  the  air 
equally  repelling  this  mixture  from  the  contrary  side.  By 
these  two  opposite  forces,  the  chyle  and  blood  arc  more 
intimately  blended  and  incorporated  ; and  by  the  admission 
and  expulsion  of  the  air  in  respiration,  the  vessels  are  alter- 
nately inflated  and  compressed,  (and  probably  some  subtile  air 
or  a>thcr  is  received  into  the  blood, } by  which  means  the  mixture 
is  still  farther  attenuated  and  dissolved ; and  after  various 
circulations  through  the  lungs  and  heart,  and  the  whole  arterial 
system,  is  at  last  perfectly  assimilated  with  the  blood,  being 
fitted  to  nourish  the  body,  aud  answer  the  different  purposes  of 
animal  life. 

When  the  blood,  thus  prepared  from  the  aliment,  is.  by 
repeated  circulations,  gradually  drained  of  all  its  bland  and 
useful  parts,  and  begins  to  acquire  too  great  a degree  of 
acrimony,  it  is  carried  off  by  both  sensible  and  insensible  eva- 
cuations, through  the  several  channels  and  distributions  of 
nature.  By  these  evacuations  the  body  is  made  languid,  and 
requires  a fresh  supply  of  aliment;  while  at  the  same  time  the 
saliva,  and  juices  of  the  stomach  and  intestines,  becoming  thin 
ami  arid  by  multiplied  circulations,  vellicate  the  nerves  of 
those  passages,  and  excite  hanger,  as  a faithful  monitor,  to 
remind  us  of  that  refreshment  w hich  is  now  become  necessary. 

CONCORD,  in  Grammar,  is  the  same  with  syntax,  in  which 
the  words  of  a sentence  perfectly  agree:  that  is,  in  which 
□nuns  arc  in  the  same  gender,  mini  her,  and  ease;  and  verbs  in 
the  same  number  and  person  with  nouns  and  pronouns. 

Concord,  in  Music,  is  the  union  of  sounds,  and  is  either 
perfect  or  imperfect;  perfect  concords  consist  of  the  fifth  and 
eighth,  the  imperfect  of  the  third  and  sixth. 

CONCORDANCE.  This  word  has  been  applied  appro- 
priately to  a sort  of  dictionary  of  the  Bible,  explaining  the 
words  thereof  in  alphabetical  order,  with  the  several  hooks, 
chapters,  aud  verses  quoted  in  which  they  arc  contained.  Its 
chief  use  is  to  enable  a person  to  find  out  any  text  of  scripture, 
of  which  he  is  able  to  recollect  any  of  ihe  chief  words. 

CONCORDAT,  a covenant  or  agreement  with  the  pope  con- 
cerning the  acquisition,  permutation,  and  resignation  of  eccle- 
siastical benefices.  Most  Catholic  sovereigns  have  such  a 
treaty  with  the  pope. 

CONCRETE  Numbers,  are  those  which  are  made  to  denote 
any  particular  thing,  as  three  pounds,  three  guineas,  4<c.  and 
are  thus  distinguished  from  abstract  number*.  which  have 
reference  to  no  particular  subject  or  thing,  as  3.  4.  Ike. 

CONCRETIONS,  Morbid,  hard  substances  in  different 
parts  of  the  animal  body. 

CONDENSATION,  the  act  whereby  a body  is  rendered 
more  dense,  compact,  and  heavy.  Condensation  is,  by  most 
writers,  distinguished  from  compression,  by  considering  the 
latter  as  performed  by  some  external  violence ; whereas  the 
former  is  the  action  of  cold. 

CONDENSER,  a pneumatic  engine. or  syringe,  whereby  an 
uncommon  quantity  of  air  may  be  condensed  into  a given 
space ; so  that  sometimes  ten  atmospheres,  or  ten  times  as 
much  air  as  there  is  at  the  same  time,  in  the  same  space, 
without  the  engine,  may  he  thrown  in  by  means  of  it,  and  its 
egress  prevented  by  valves  properly  disposed.  It  consists  of 
a brass  cylinder,  wherein  is  a moveable  piston  ; which  bcin^ 
drawn  out,  the  air  rushes  into  the  cylinder  through  a hole  pro- 
vided on  purpose;  and  when  the  piston  is  again  forced  into 
the  cylinder,  the  air  is  driven  into  the  receiver  through  ua 
orifice,  furnished  with  a valve  to  prevent  its  escape.  See  A»R 
Gun. 
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CONDIMENTS.  Thews  are  not  properly  alimentary  mat- 
ters, or  such  as  become  ingredients  in  the  composition  of  the 
animal  (laid ; yet  they  are  taken  with  advantage  along  with 
the  proper  aliments,  the  digestion  and  assimilation  of  which 
they,  in  some  degree,  modify.  They  are  of  two  kinds,  saline  or 
acrid  ; having  this  acrimony,  for  the  most  part,  residing  in  their 
oily  parts.  To  this  list  of  condiments,  we  may  add  capsicum, 
ketchup,  and  soy,  observing,  that  the  whole  of  the  seasonings 
consist  of  salt,  vinegar,  and  aromatics,  combined  together ; 
and  if  they  arc  taken  only  in  the  quantity  necessary  to  render 
the  food  more  sapid,  they  may  increase  the  appetite,  and  favour 
full  eating ; but  they  can  hardly  otherwise  do  harm,  unless 
when  the  aromatics  arc  taken  in  such  large  quantity  as  to 
weaken  the  lono  of  the  stomach. 

CONDITION,  in  Civil  Law,  a clause  of  obligation,  stipu- 
lated as  an  article  of  a treaty  or  contract,  legacy.  See.  In  the 
Common  Law,  condition  is  a restraint  annexed  to  any  thing, 
so  that  by  the  nonperformance  the  party  shall  sustain  loss,  and 
by  the  performance  receive  advantage. 

CONDUCTOR,  any  body  which  receives  and  communicates 
the  electric  fluid. 

Con d it cto a,  in  Electricity,  a term  first  introduced  into 
this  science  by  Dr.  Desaguliers,  and  used  to  denote  those 
substances  which  are  capable  of  receiving  and  transmitting 
electricity  ; in  opposition  to  electrics,  in  which  the  matter  or 
virtue  of  electricity  may  be  excited  and  accumulated,  or 
retained.  The  former  are  also  called  non-electrics,  and  the 
latter  non-conductors.  And  all  bodies  are  ranked  under  one  or 
other  of  these  two  classes,  though  none  of  them  are  perfect 
electrics,  nor  perfect  conductors,  so  as  wholly  to  retain,  or 
freely  and  without  resistance  to  transmit,  the  electric  fluid. 
To  the  class  of  conductors  belong  all  metals  and  semimetals, 
ores,  and  all  fluids,  (except  air  and  oils,)  together  with  the 
substances  containing  them,  the  effluvia  of  flaming  bodies, 
ice.  (unless  very  hard  frozen)  and  snow,  most  saline  and  stony 
substances,  charcoals,  of  which  the  best  are  those  that  have 
been  exposed  to  the  greatest  heat ; smoke,  and  the  vapour  of 
hot  water.  It  seems  probable,  that  the  electric  fluid  passes 
through  the  substance,  and  not  merely  over  the  surfaces  of 
metallic  conductors  ; because,  if  a wire  of  any  kind  of  metal  be 
covered  with  some  electric  substance,  as  resin,  scating-wnx. 
Sec.  and  ajar  be  discharged  through  it.  the  charge  will  be  con- 
ducted as  well  as  without  the  electric  coating.  It  has  also 
been  alleged,  that  electricity  will  pervade  a vacuum,  and  be 
transmitted  through  it  almost  as  freely  as  through  the  sub- 
stance of  the  best  conductor  ; but  the  electric  spark  or  shock 
would  no  more  pass  through  a perfect  vacunm  than  through 
a stick  of  solid  glass.  In  other  instances,  however,  when  the 
vacuum  has  been  made  with  nil  possible  care,  the  experiment 
has  not  succeeded.  It  has  also  been  observed,  that  many  of 
the  forementioned  substances  are  capable  of  being  electrified, 
and  that  their  conducting  power  may  be  destroyed  and  reco- 
vered by  different  processes : for  example,  green  wood  is  a 
conductor;  but  baked,  it  becomes  a non-conductor;  again,  its 
conducting  power  is  restored  by  charring  it;  and  lastly,  it 
is  destroyed  by  reducing  this  to  ashes.  Again,  many  elec- 
tric substances,  as  glass,  resin,  air,  &c.  become  conductors  by 
being  made  very  hot;  however,  air  heated  by  glass  must  be 
excepted. 

Conductor,  Prime,  is  an  isolatod  conductor,  so  connected 
with  the  electrical  machine,  ns  to  receive  the  electricity  imme- 
diately from  the  excited  electric. 

Conductors  of  Lightning,  are  pointed  metallic  rods  fixed  to 
the  upper  parts  of  buildings,  to  secure  them  from  strokes  of 
lightning.  These  were  invented  and  proposed  by  Dr.  Frank- 
lin for  tliis  purpose,  soon  after  the  identity  of  electricity  and 
lightning  was  ascertained  ; and  they  exhibit  a very  important 
and  useful  application  of  modern  discoveries  in  this  srience. 
This  ingenious  philosopher  having  found  that  pointed  bodies 
are  better  fitted  for  receiving  and  throwing  off  the  electric  fire 
than  such  as  are  terminated  by  blunt  ends  or  flat  surfaces,  and 
that  metals  are  the  readiest  and  best  conductors,  soon  disco- 
vered that  lightning  and  electricity  resembled  each  other  in 
this  and  other  distinguishing  properties ; he  therefore  recom- 
mended a pointed  metalline  rod,  to  be  raised  some  feet  above 
the  highest  part  of  a building,  and  to  be  continued  down  into 


the  ground,  or  the  nearest  water.  The  lightning,  sbonkl  it 
ever  come  within  a certain  distance  of  this  rod  or  wire,  would 
be  attracted  by  it,  and  pass  through  it  in  preference  to  any 
other  part  of  the  building,  and  be  conveyed  into  the  earth  or 
water,  and  there  dissipated,  without  doing  any  damage  to  tho 
building.  Many  facts  have  occurred  to  evince  the  utility  of 
this  simple  and  seemingly  trifling  apparatus.  And  yet  some 
electricians  have  objected  to  tbe  pointed  termination  of  this 
conductor,  preferring  rather  a blunt  end ; because  they  con- 
ceive a point 'invites  the  electricity  from  the  clouds,  and 
attracts  it  at  a greater  distance  than  a blunt  conductor. 

CONE,  is  a solid  body  having  a circular  base,  and  its  other 
extremity  terminated  in  a single  point  or  vertex.  Cones  are 
either  right  or  oblique.  A Right  Cone,  is  that  in  which  the 
right  tine  joining  the  vertex  and  centre  of  the  base,  is  perpen- 
dicular to  tbe  plane  of  the  base  ; as  A B C. 
A right  cone  may  be  conceived  to  be 
generated  by  tbe  revolution  of  the  right- 
angled  triangle  E D C,  about  its  perpen- 
dicular B D.  And  thus,  Euclid  defines 
a cone  to  be  a solid  figure,  whose  baso  is  a 
circle,  and  is  produced  by  tbe  entire  revo- 
lution of  the  plane  of  a right-angled  tri- 
angle about  its  perpendicular,  being  called 
the  axis  of  (he  cone.  Right  cones  are  distinguished  into 
classes,  according  to  the  magnitude  of  the  anglo  at  the  vertex, 
made  by  a plane  passing  through  that  point  perpendicular  to 
the  baso.  An  A cute-angled  Cone,  is  that  in  w hich  the  angle 
A B C is  acute,  or  less  than  a right  angle.  An  i trilateral 
Cone  has  its  side  A B equal  to  the  diameter  of  the  base  AC. 
Kn  Obtuse-anghd  Cone,  is  that  in  which  the  angle  ABC  is 
obtuse,  or  greater  than  a right  angle.  A Right-angled  Cone, 
is  that  in  which  the  angle  A UC  is  a right  angle. 

An  Oblique  Cone,  is  that  in  which  the  line  joining  the  vertex 
and  centre  of  the  base  is  nut  perpendicular,  but  oblique,  to  tbe 
plane  of  tbe  base ; as  L M N This  solid, 
which  is  not  treated  of  by  the  ancient 
geometricians,  is  evidently  not  included 
in  the  preceding  definition,  that  having 
reference  to  the  right  cone  only.  It  has 
therefore  been  an  object  with  the  moderns 
to  render  the  above  more  general,  so  as 
to  include  both  cases  under  one  and  the 
same  general  definition  or  description, 
which  is  as  follows:  — If  a line  V A con- 
tinually pass  through  the  point  T,  tam- 
ing upon  that  point  ns  a joint,  and  the 
lower  part  of  it  be  carried  round  the  cir- 
cumference ABC  of  a circlo ; then  the 
spaec  enclosed  between  that'cirele  and, 
the  path  of  the  line  is  a rone.  The  circle 
A B C is  the  base  of  the  cone,  V the  ver- 
tex, and  the  line  V D the  axis  ; D being 
the  centre  of  the  circle. 

Propertiei  of  the  Cone. — 1.  Every  cone, 
whether  right  or  oblique,  is  equal  to  one- 
third  of  a cylinder  of  equal  base  and 
altitude.  And  therefore  the  solidity  of  a 
cone  is  found  by  multiplying  the  area  of  its  base  by  one-third 
of  its  perpendicular  altitude.  2.  The  curve  surface  of  a right 
rone  is  equal  to  a circular  sector,  having  its  radius  equal  to 
the  slant  height  of  the  cone,  and  its  area  equal  to  the  whole  cir- 
cumference of  the  cone's  base.  And  therefore  this  surface  is 
equal  to  half  tbe  product  of  the  slant  ride  into  the  circumference 
of  the  base.  3.  The  surface  of  an  oblique  cone  is  not  quad- 
rablc ; indeed  no  rule  has  yet  beeiufound  that  will  even  lead 
to  a practical  approximation  of  its  area,  notwithstanding  the 
attempts  of  several  Ingenious  and  able  mathematicians.  4. 
The  solidity  of  a cone  with  an  elliptic  base,  forming  part  of  a 
right  cone,  is  equal  to  the  product  of  its  surface  by  a third  of 
one  of  the  perpendiculars,  drawn  from  the  point  in  which  the 
Mia  of  the  right  cone  intersects  the  ellipse ; and  it  is  also  equal 
to  onc-third  of  the  height  of  the  cone  multiplied  by  the  area  of 
the  elliptic  base.  Consequently,  tbe  above  perpendicular  is  to 
tbe  height  of  the  cone,  as  the  elliptic  base  is  to  the  curve  sur- 
face. See  Dr.  Barrow's  “ Lcctiones  Geometric;*. " 
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Frurtum  of  a Cone,  is  that  which  is 
formed  by  cutting  oil  the  upper  part  of 
a cone,  by  a plane  parallel  to  its  base ; 
as  the  figure  A BC  I). 

Cones  of  the  higher  kind*,  are  those 
whose  bases  arc  circles  of  the  higher 
kiads;  aud  are  generated  by  supposing 
a right  line  fried  in  a point  above,  c 
though  conceived  capable  of  being  ex- 
tended more  or  less,  on  occasion  ; and  moved  or  carried  round 
a circle. 

Cone  of  Rays,  in  Optics,  includes  all  the  several  rays  which 
fall  from  any  point  of  a radiant,  on  the  surface  of  a glass. 

Conk,  or  Spindle  {Double),  in  Mechanics,  is  a solid  formed 
of  two  equal  cones  joined  at  their  bases.  If  this  be  laid  on  the 
lower  part  of  two  rulers,  making  an  angle  with  each  other, 
and  elevated  in  a certain  degree  above  the  horizontal  plane, 
the  cones  will  roll  upwards  towards  the  raised  ends,  and  seem 
to  ascend,  though  in  reality  the  centre  of  gravity  is  descending 
lower. 

CONFESSION  ofsn  offence,  is  when  s prisoner  is  arraigned, 
and  his  indictment  being  read,  either  be  confesses  the  oficnce, 
or  pleads  not  guilty.  Confession  is  express  or  implied. 
Express,  is  where  one,  in  open  court,  confesses  the  crime,  in 
the  most  satisfactory  ground  of  conviction.  Implied,  is  where 
the  defendant,  ill  a case  not  capital,  yields  to  the  king's  mercy, 
aud  desires  to  submit  to  a small  line,  which  the  court  may 
accept,  without  requiring  a direct  confession.  The  presump- 
tion of  guilt  in  this  case  is  so  strong,  that  the  defendant  cannot 
afterwards,  in  a civil  action,  deny  the  trespass.  Confession, 
prev  ious  to  trial,  before  a justice,  Ac.  may  also  he  given  in 
evidence  afterwards,  as  against  the  individual  confessing;  but 
it  must  be  voluntary,  not  upon  promise  or  threats,  and  must  be 
taken  in  time.  After  confession,  the  party  may  take  advantage 
of  errors  in  the  indictment,  in  arrest  of  judgment  Confession 
may  also  be,  in  a civil  action,  and  is  commonly  on  a warrant  of 
attorney  for  that  purpose,  which  being  after  accompanied  with 
a bond,  is  vulgarly  called  a bond  and  judgment 

CONFIGURATION,  the  exterior  surface  or  shape  that 
bounds  bodies,  and  gives  them  their  particular  figure. 

CONFISCATE,  from  eonfiteare , and  that  from  tisau,  the 
emperor’s  treasure.  Any  goods  which  being  disclaimed  by 
another,  as  a felon  upon  trial,  comes  to  tbc  king,  although  they 
are  the  felon's  ova.  Those  which  he  claims  as  his  own,  are, 
upon  conviction,  not  confiscate,  but  forfeited  to  the  king. 

CONFLUENT,  in  Medicine,  an  appellation  given  to  the 
kind  of  small-pox,  wherein  the  pustules  run  into  each  other. 

CONFORMATION,  that  make  and  construction  of  the 
human  body  peculiar  to  every  individual ; whence  those 
diseases  called  organical,  depend  upon  the  mal-conformation 
of  the  parts. 

CONGE  D’Elire,  in  ecclesiastical  polity,  the  king’s  permis- 
sion granted,  under  his  signature,  to  a dean  and  chapter  to 
elect  a bishop. 

CONGELATION,  the  transition  of  a liquid  into  a solid  state, 
in  consequence  of  an  abstraction  of  heat : thus  metals,  oil, 
water,  tkc.  are  said  to  congeal  when  they  pass  from  a fluid  into 
a solid  state.  With  regard  to  fluids,  congelation  and  freezing 
mean  the  same  thing.  Water  congeals  at  3*2° ; and  there  are 
few  liquids  that  will  not  congeal,  if  the  temperature  be  brought 
sufficiently  low.  Every  particular  kind  of  substance  requires 
a different  degree  of  temperature  for  its  congelation,  which 
affords  an  obvious  reason  why  particular  substances  remain 
always  fluid,  while  others  remain  always  solid,  in  the  common 
temperature  of  the  atmosphere ; aud  why  others  arc  some- 
times fluid,  and  at  others  solid,  according  to  the  vicissitudes 
of  tire  seasons,  and  the  variety  of  climates. 

Jo  consequence  of  the  diminution  of  temperature,  which  is 
experienced  as  we  ascend  in  the  atmosphere,  it  is  evident, 
that  in  every  climate  a point  of  elevation  may  be  reached 
where  it  will  be  continually  freezing.  The  altitude  of  the  point 
above  the  surface  of  the  earth,  will  depend  partly  on  the  tem- 
perature of  the  lower  region*  of  the  atmosphere,  and  partly  on 
the  decrement  of  heat  belonging  to  the  column  at  the  period  of 
observation.  Thus,  near  the  equator,  it  was  observed  by 
JJouguer,  that  it  began  to  freeze  ou  the  sides  of  the  lofty 


mountain  Pinchcncha.  at  the  height  of  1,1,677  feet  above  the 
level  of  the  sea,  whereas  congelation  was  found  by  Saussure 
to  take  place  on  the  Alps  at  the  height  oi  I3.HW  fwt  By 
tracing  a line  on  the  plane  of  the  meridian,  through  the  points 
at  which  it  constantly  freezes,  a curve  is  obtained,  which  has 
becu  denominated  the  line  of  Perpetual  Congelation,  The  height 
at  which  this  curve  intersects  a vertical  line  in  the  various 
latitudes,  has  been  computed  by  Kirwati,  partly  from  observa- 
tion, aud  partly  from  the  u.eau  temperature  of  the  parallel,  and 
the  decrement  of  heat,  as  we  ascend  ill  the  atmosphere.  The 
following  table  exhibits  the  result  of  his  calculation;  and 
though  it  is  constructed  on  tbc  cironeous  supposition,  that  the 
menu  annual  temperature  of  the  pole  is  31°,  w hich,  according 
to  the  observations  of  Captain  Scoresby  and  Captain  Parry, 
must  be  far  beyond  the  truth,  it  is  tolerably  accurate  for  the 
more  accessible  regions  of  the  globe. 


..  Me**.  Ilf  Ik  til  of  Un* 

loUUid*.  pf  CohMw. 

•0 16-577 

■6  15  457 

Mm*  of  Llaa 

UlUud*.  or  CoutfcUuoa. 

45  7*058 

50  6-260 

10  15-007 

56  4 912 

65  2-616 

75  -748 

35 10004 

80  -128 

40 0-016 

These  numerical  relations  will  be  best  perceived  at  a glanoo 
by  means  of  the  following  diagram. 

II 


Here  E P represents  the  rectified  meridian  from  the  equator 
to  the.  pole  divided  into  intervals  of  UP  each  ; and  the  different 
perpendiculars  or  ordinates  at  the  point  0, 10,20,  Ste.  represent 
the  height  of  the  freezing  point  at  the  equator,  and  at  latitude 
10,  20,  See.  to  the  pole  P.  The  curve  H P,  which  has  a con- 
trary flexure  about  00°,  exhibits  the  general  form  of  the  lino  of 
Perpetual  Congelation  from  the  equator  to  the  pole. 

CONGRUITY,  in  Geometry,  is  the  same  ns  identity,  those 
lines  and  surface  being  congruous,  which  will  coincide  or  fill 
the  same  space. 

CONGRUOUS  Quantities,  arc  those  which  ore  of  the 
same  kind,  and  therefore  admit  of  comparison  ; and  quantities 
which  cannot  be  so  compared,  are  incongruous  quantities.  All 
abstract  numbers  are  congruous ; but  concrete  numbers  are 
not  congruous,  unless  Ibe  quantities  they  represent  be  so. 
Thus,  3 and  4,  as  abstract  numbers,  arc  congruous  ; but  if  they 
denote  3 pounds  and  4 miles,  they  are  incongruous.  Hence  it 
follows,  that  the  method  commonly  given  in  books  of  arith- 
metic, for  stating  questions  io  the  Rule  of  Three,  is  improper  ; 
because  it  supposes  a comparison  between  quantities  which 
are  incongruous.  We  cannot  say  properly,  that  3 pounds  : 4 
men  ; : f>  pounds  : 8 men;  but  that  3 pounds  : 6 pounds  : i 
4 men  : 8 men. 

CONICAL,  any  thing  of  a conical  form,  or  relating  to  the 

cone. 

Conical  Sllipee,  Hyperbola,  Parabola,  denote  those  figures, 
under  their  most  simple  form,  as  cut  from  the  cone,  to 
8 C 
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distinguish  them  from  the  same  figures 
of  a higher  order.  See  the  respective 
articles. 

CoM Cal  Ungula, or  Conic  Ungula,  is  n 
solid  formed  by  a plane  passing  through 
the  side  and  base  of  a cone,  as  the 
figure  RCBF,  fig.  I. 

Conic  Sections,  as  the  name  implies, 
are  such  curve  lines  and  piano  figures  as 
are  produced  by  the  intersection  of  a plone  with  a cone.  From 
the  different  positions  of  the  cutting  plane,  there  arise  five 
different  sections,  fir,  a triangle,  ellipse, 
tarnbola, nnd  hyperbola.  But  ouly  the  three 
alter  are  particularly  denominated  conic 
sections.  1.  If  the  secant,  or  cutting 
plane,  pass  through  the  vertex  of  the  eonc, 
and  any  part  of  the  base,  the  section  will 
evidently  be  a triangle,  as  A V B,  fig.  2. 

2.  If  the  plane  cut  the  cone  parallel  to 
the  circular  base,  the  section  will  be  a 
circle,  as  A B D. 

3.  If  the  plane  pass  through  the  side  and 
base  of  the  cone  parallel  to  the  other  side ; 
that  is,  if  the  cutting  plane  make  the  same 
anglo  with  the  base  as  the  side  of  the 
rone  makes,  the  section  is  a parabola,  as 
I)  A B.  fig  3. 

4.  When  the  plane  cuts  both  sides  oi 
the  cone,  that  is,  when  it  makes  with  the 
base  a less  angle  than  the  side  of  the  cone 
makes,  the  section  is  an  ellipse,  as  BAD. 

5.  Wh  cn  the  plane  passes  through  the 
side  and  base  of  the  rone,  making  a greater 
angle  with  the  base  than  the  side  or  the 
cone  makes,  the  section  is  an  hyperbola,  us 
D A E,  fig.  4. 

And  if  the  plane  be  continued  to  cut  the 
opposite  eonc.  this  section  is  called  the 
opposite  hyperbola  to  the  former,  as  Bed, 
fig.  6. 

6.  The  verticet  of  any  section  are  the 
points  where  the  cutting  plane  meets  the 
opposite  sides  of  the  cone,  as  A and  B in 
the  preceding  figures.  Hence  the  ellipse, 
fig.  5,  and  hyperbola  fig.  4,  have  each  two 
vertices,  hut  the  parabola  only  one,  unless 
we  consider  the  other  as  at  an  infinite  dis- 
tance. 

7.  The  axis,  or  transverse  diameter,  of  a 
conic  section,  is  the  line  joining  its  vertices, 
as  A B ; therefore  the  axis  of  an  ellipse  is 
within  the  figure,  of  the  hyperbola  without 
it,  and  in  the  parabola  it  is  infinite  in 
length,  fig.  0. 

8.  The  centre  of  a conic  section  is  in  that 
point  which  bisects  the  axis.  Hence  the 
centre  of  an  ellipse  is  within  the  figure,  of 
the  hyperbola  without  the  figure,  and  in 
the  parabola  it  is  at  an  infiuite  distance 
from  the  vertex. 

Tho  definition  of  iBe  other  lines,  in  and  Hhoul  the  conic  I 
sections,  will  be  found  under  their  respective  heads ; and 
tire  principal  properties  of  the  different  sections,  under  the 
articles  Ellipse,  Hyperbola,  and  Parabola. 

The  conic  sections  arc  of  themselves  a system  of  regular 
curves  allied  to  each  other,  the  doctrine  of  which  is  of  the 
greatest  use  in  physical  astronomy,  as  well  as  in  the  physico- 
mathcmatical  sciences,  and  has  been  much  cultivated  by  both 
ancient  and  modern  mathematicians. 

CONIUM,  Hemlock,  a genus  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  and  in  the  natural  method  belonging 
to  the  46th  order,  mnbcllata*.  There  arc  five  species.  Comoro 
maculatum,  or  the  greater  hemlock,  grows  naturally  in  Britain. 

It  is  a biennial  plant.  The  stalk  is  smooth,  spotted  with  pur- 
ple, and  rises  from  four  to  six  feet,  branching  out  at  the  top  with 
decompounded  leaves.  Hie  flowers  arc  white.  It  is  a poison- 


ous plant,  yet  the  internal  and  external  clheacy  of  the  hemlock 
has  been  proved  in  cancers,  ulcers,  and  scrofulous  tumors. 

CONJUGATE  Diameter,  or  Axis  of  an  Ellipsis,  is  the 
shortest  of  the  two  diameters,  or  that  which  bisects  the  trans- 
verse axis. 

CONJUGATION,  in  Grammar,  a regular  distribution  of  tire 
inflexions  of  verbs  in  their  different  voices,  moods,  tenses, 
numbers,  and  persons,  to  distinguish  them  from  each  other. 

CONJUNCTION,  in  Astronomy,  the  meeting  of  two  or  more 
stars  or  planets  in  the  same  degree  of  the  zodiac. 

Conjunction  may  be  considered  as  either  true  or  apparent. 
When  the  two  bodies  meet  in  the  same  point  of  both  longitude 
and  latitude,  the  conjunction  is  (m< ; when  they  agree  in  lon- 
gitude, but  differ  in  latitude,  the  conjunction  is  apparent. 

Conjunction  is  either  heliocentric  or  geocentric.— Heliocentric 
conjunction  is  that  which  would  appear  to  an  observer  at  tho 
sun ; geocentric,  that  which  would  appear  to  one  upon  the 
rarlb.—GVoffs/rif  Conjunctions  are  either  superior  or  inferior: 
thus,  when  a plauet  is  seen  on  the  same  circle  of  latitude  with 
the  sun,  but  beyond  him,  the  conjunction  is  called  superior; 
when  the  planet  is  seen  between  the  earth  and  sun,  the  con- 
junction is  inferior. — Crand  Conjunctions,  arc  those  wherein 
several  of  the  planets  are  seen  near  together.  M.  de  la 
Landc  informs  us,  that  on  May  22,  1703,  Jupiter  and  Satarn 
were  within  I0  4'  of  each  other;  on  February  11,  1524,  Venus, 
Mars,  Jupiter,  and  Saturn,  were  very  near  each  other,  and 
Mercury  not  above  10°  from  them;  on  November  II,  1644, 
Mercury,  Venus,  Jupiter,  and  Saturn,  were  within  the  space 
of  I04* ; on  March  17,  1726,  Meicury,  Venus,  Mars,  and  Jupi- 
ter, were  so  near  each  other  as  to  be  all  seen  through  the  same 
telescope  without  altering  its  position;  and  on  December  23, 
1760,  Veuus,  Mars,  and  Jupiter,  were  within  1°  of  each  other. — 
The  Chinese  have  a remarkable  record  of  a conjunction  of  five 
lanets,  which  happened  in  the  lime  of  their  emperor.  Tehucn- 
io;  who,  according  to  the  Chinese  annals,  reigned  from  the 
year  2614,  before  Christ,  to  the  year  2436,  B.C. ; and  which  is 
thought  to  prove  the  great  antiquity  of  this  empire,  and  of 
astronomical  science  amongst  these  people. 

Conjunction,  in  Grammar,  an  inclinable  word  or  particle, 
which  joins  words  or  sentences  together,  shewing  their  mutual 
relation  and  dependence. 

CONJURATION,  strictly  means  combining  together  by 
oath,  especially  with  evil  spirits  to  do  a public  harm.  The 
using  of  witchcraft,  conjuration,  8cc.  was  felony  by  1 Jac.  c.  12. 
but  that  was  repealed  by  9 Geo.  II.  c.  5,  and  the  offences  and 
all  prosecutions  for  them  abolished  ; bat  if  any  pretend  to 
witchcraft,  or  conjuration,  or  to  tell  fortunes,  or  from  skill  ia 
occult  or  crafty  science,  to  discover  goods  or  chattels  supposed, 
they  shall  be  imprisoned  a year,  and  stand  in  the  pillory  once  a 
quarter,  and  may  be  ordered  to  give  security  for  good  beha- 
viour. The  punishment  of  the  pillory  being  abolished,  they  are 
only  liable  to  tho  other  penalties  of  the  statute. 

CONOID,  a solid  figure  generated  by  the  revolution  of  any 
, conic  section  about  its  axis  ; and  hence  receives  particular 
denominations,  according  to  the  section  from  which  it  is  pro- 
I duced  ; as  Elliptical  ('onoid  or  Spheroid,  Parabolic  Conoid, 
] and  Hyperbolic  Conoid ; for  which,  see  the  respective  articles. 

| CO  NON,  an  ancient  Greek  mathematician,  the  friend  of 

’ Archimedes.  He  was  well  skilled  in  geometry  and  astronomy, 
but  is  not  celebrated  for  any  particular  discovery. 

CONSANGUINITY,  the  relation  subsisting  between  persons 
. of  the  same  blood,  or  who  are  sprung  from  the  same  root, 
i Consanguinity  terminates  in  the  sixth  and  seventh  degree, 

' excepting  in  the  succession  of  the  crown,  in  which  case  it  is 
i continued  to  infinity.  Marriage  is  prohibited  by  the  chureh  to 
' the  fourth  degree  of  consanguinity  inclusive;  bat,  by  tbe  law 
| of  nature,  consanguinity  is  no  obstacle  to  marriage,  except  it 
be  in  the  direct  line. 

CONSCIENCE,  in  Ethics,  a secret  testimony  of  the  soul, 
whereby  it  gives  its  approbation  to  things  that  arc  naturally 
good,  and  condemns  those  that  are  evil. 

CONSCRIPTS,  men  raised  to  recruit  the  French  armies. 
All  men  capable  of  bearing  arms  in  France  and  its  dependen- 
cies are  registered,  and  when  called  upon  by  the  government, 
are  obliged  to  join  the  army  on  any  service. 

CONSEQUENT,  is  the  latter  of  two  terms  of  a ratio,  or  that 
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to  which  the  antecedent  is  referred  and  compared  ; thus  in  the 
ratio  a : b,  A is  the  consequent,  and  a the  antecedent 

CONSEQUENT1A,  a Latin  term,  commonly  employed  by 
astronomers  to  denote  the  real  or  apparent  motion  of  a planet 
or  comet,  when  it  is  moving  from  west  to  east,  or  according  to 
the  order  of  the  signs ; and  is  thus  opposed  to  antecedetulia, 
which  denotes  contrary  motion. 

CONSIDERATION,  in  Law,  the  material  enuse  or  ground 
of  a contract,  without  which  the  party  contracting  would  not 
be  bound.  Consideration,  in  contracts,  is  something  given  in 
exchange,  something  that  is  mutual  and  reciprocal ; as  money 
given  for  goods  sold,  work  performed  for  wages.  And  a con- 
sideration of  some  sort  or  other  is  so  absolutely  necessary  to 
the  forming  of  a contact,  that  a nudum  pactum,  or  agreement  to 
do  or  pay  any  thing  on  one  side,  without  auy  compensation  on 
the  other, is  totally  void  in  law  ; and  a man  cannot  be  compelled 
to  perform  It.  A consideration  is  necessary  to  create  a debt. 

CONSIGNMENT,  in  Law  and  Commerce,  is  the  sending  or 
delivering  over  goods,  money,  See.  to  another  person,  and  is 
unconditional,  or  for  a particular  purpose. 

CONSISTENT  Bodies,  a term  partially  employed  by  philo- 
sophers, particularly  by  Boyle,  to  denote  jfrnt  otjixed  bodies, 
in  opposition  to  fluid  ones. 

CONSISTORY,  a tribunal ; every  archbishop  and  bishop  of 
every  diocese  hath  a consistory  court,  held  before  his  chancel- 
lor or  commissary,  in  his  cathedral  church,  or  other  convenient 
lace  of  his  diocese,  for  ecclesiastical  causes.  From  the 
isbop's  coart  the  appeal  is  to  the  archbishop;  from  the  arch- 
bishop's court  to  the  delegates. 

CONSOLIDATION,  in  Civil  Law,  is  the  uniting  the  posses- 
sion or  profit  of  land  with  the  property,  and  the  contrary.  It 
also  denotes  the  uniting  two  benefices  into  ono. 

CONSONANCE,  in  Music,  is  the  effect  of  two  or  more 
sounds  heard  at  the  same  time. 

CONSONANT,  a letter  that  cannot  be  sounded  without  a 
vowel  before  or  after  it.  Consonants  arc  divided  into  single 
and  double  ; the  double  are  * and  r,  the  latter  arc  all  single  ; 
and  these  are  again  divided  into  mutes  and  liquids,  the  former 
arc  b,  c ,d,f,  r,^,  f,  *.  />.  t/,  I,  the  liquids  I,  m,  n,  r. 

CONSPIRACY,  in  Law,  signifies  an  agreement  between 
two  or  more,  falsely  to  indict,  or  procure  to  be  indicted,  an 
innocent  person  for  felony. 

CONSPIRATORS  are,  by  statute,  defined  to  be  snob  as 
bind  themselves  by  oath,  covenant,  or  other  alliance,  to  assist 
one  another,  falsely  and  maliciously  to  indict  persons,  or 
falsely  to  maintain  pitas. 

CONSTABLE,  an  officer  whose  duty  it  is  to  preserve  the 
peace,  and  to  arrest  all  public  offenders  who  have  committed 
the  offence  in  his  presence,  or  against  whom  he  has  the  war- 
rant of  a justice  of  the  peace.  There  are  many  persons 
exempted  by  law  from  serving  the  office  of  constable ; these 
are,  tlie  ancient  officers  of  any  of  the  colleges  in  the  two  univer- 
sities, counsellors,  attorneys,  and  all  other  officers  whose 
attendance  is  required  in  the  courts  of  Westminster-hall, 
aldermen  of  London,  the  president  aDd  fellows  of  the  fellowship 
of  physic  in  London,  surgeons  and  apothecaries  in  London, 
and  within  seven  miles  thereof,  being  free  of  the  company  of 
apothecaries,  and  licensed  teachers,  or  preachers  in  holy 
orders,  in  a congregation  legally  tolerated,  shall  be  exempted 
from  the  office  of  a constable.  The  prosecutor  of  a felon  to 
conviction,  or  the  person  to  whom  he  shall  assign  the  certificate 
thereof,  shall  be  discharged  from  the  office  of  constable.  But 
generally  speaking,  every  housekeeper,  inhabitant  of  the  parish, 
and  of  full  age,  is  liable  to  fill  the  office  of  constable  : he  ought, 
however,  to  be  of  the  abler  sort  of  parishioners,  as  being  more 
likely  to  perform  his  duty  with  probity  and  discrelion. 

CONSTANT  Quantities,  in  Algebra,  are  those  whose 
values  are  knowo,  or  which  remain  constantly  the  same. 
These  are  cummouly  denoted  by  the  leading  letters  of  the 
alphabet,  a,  b,  e,  kc.  to  distinguish  them  from  the  variable  and 
unknown  quantities,  whioh  arc  represented  by  the  final  letters, 
x,  y,  x,  8tc. 

CONSTELLATION,  in  Astronomy,  an  assemblage  or  system 
of  several  stars,  expressed  and  represented  under  the  name 
and  figure  of  some  animal  or  other  emblem.  Tbe  ancients 
portioned  out  the  firmament  into  several  parts  or  constella- 


tions ; reducing  a certain  number  of  stars  under  the  represen- 
tations of  certain  images,  in  order  to  aid  the  imagination  and 
the  memory,  to  concrivc  and  retain  their  number  and  disposi- 
tion. and  even  to  distinguish  the  virtues  which  astrologers 
attributed  to  them ; in  which  sense  a man  is  said  to  be  bora 
under  a happy  constellation,  i.f.  under  a happy  configuration 
of  the  heavenly  bodies. 

The  division  of  the  heavens  into  constellations  is  probably  as 
old  as  astronomy  itself;  at  least  it  was  known  to  the  most 
ancient  authors  extant,  whether  sacred  or  profane.  Job,  chap, 
ix.  vcr.  9,  " Which  make  h Arrturus,  Orion,  and  the  Pleiades, 
and  the  chambers  of  the  south.”  By  the  “ chambers  of  the 
south,”  some  have  understood  the  constellations  near  the 
south  pole,  which  are  invisible  to  the  inhabitants  of  tbe 
northern  hemisphere.  Prom  the  manner  in  which  Job  speaks 
of  commerce,  wc  may  infer,  that  he  lived  in  a country 
frequented  by  merchants,  who  imported  thither  the  rarities  of 
the  south.  Job,  who  lived  in  Arabia  Petrara,  among  the 
merchants,  might  have  derived  from  them  his  knowledge  of  the 
constellations.  Chap,  xxxviii.  31,  32,  “ Canst  thou  restrain 
the  sweet  influence  of  the  Pleiades,  or  loosen  the  bands  of 
Orion?  Canst  thou  bring  forth  Maxzaroth,  (by  which  some 
understand  the  twelve  signs  of  the  zodiac,)  or  canst  thon  guide 
Arcturus  with  his  sons  ? In  the  prophecy  of  Amos,  who  lived 
790  years  before  Christ,  we  have  the  following  exhortation, 
(chap.  v.  7,8:)  “ Ye  who  turn  judgment  into  wormwood,  and 
leave  off  righteousness  in  the  earth  ; seek  him  that  maketh  the 
seven  stars  and  Orion,  and  turneth  the  shadow  of  death  into 
the  morning,  aud  maketh  the  day  dark  with  night ; that  called 
for  the  waters  of  the  sea,  and  pourcth  them  out  upon  the  face 
of  the  earth : the  Lord  is  his  name.”  In  this  passage,  the 
seven  stars  and  Orion  are  mentioned  as  being  well  known, 
both  by  Amos,  who  was  a herdsman  of  Tckoa,  and  the  com- 
mon people,  to  whom  this  exhortation  was  addressed  ; and  wc 
may  hence  infer,  that  the  constellations  had  been  invented  for 
some  time  before  that  period.  Some  of  the  constellations  are 
also  occasionally  mentioned  by  Hesiod  and  Homer,  who 
flourished  above  900  years  before  Christ ; and  Aratus  of  Tar- 
sus, the  astronomical  poet,  who  lived  about  277  years  before 
Christ,  in  his  **  Phenomena,”  professedly  treats  of  them  all, 
except  some  few,  which  were  invented  after  his  time;  shewing 
bow  each  constellation  is  situated  with  regard  to  those  that  are 
near  it,  what  position  it  bears  with  respect  to  the  principal 
circles  of  the  sphere,  and  what  other  constellations  rise  or  set 
with  it.  See  Zodiac. 

CONSTITUTION,  an  ordinance,  regulation,  or  law  made 
by  authority  of  any  superior,  ecclesiastical  or  civil. 

CONSTITUTION,  physically,  is  that  particular  disposition 
of  the  body,  which  results  from  the  properties  and  mutual 
actions  of  the  solids  and  fluids  enabling  them  to  exercise  their 
proper  functions. 

CONSTITUTIONS,  Apostolical,  a collection  of  regula- 
tions attributed  to  the  apostles,  and  supposed  to  have  been 
collected  by  St.  Clement,  whose  name  ihey  likewise  bear.  It 
is  the  general  opinion,  however,  that  they  are  spurious,  and 
that  St.  Clement  bad  no  hand  in  them.  They  appeared  first  in 
the  fuurth  age,  but  have  beeu  much  changed  and  corrupted 
since  that  lime. 

CONSTRUCTION,  in  Geometry,  is  the  drawing  those  lines 
of  a figure  which  are  previously  necessary  for  the  making  a 
demonstration  more  plain  and  evident. 

CONSTRUCTION  of  Equations,  in  Algebra,  is  the  finding 
tbe  roots  of  an  unknown  equation  by  the  geometrical  con- 
structing of  right  lines  or  curves ; or  the  reducing  given  equa- 
tions into  geometrical  figure.  And  this  is  done  by  lines  or 
corves,  according  to  the  order  or  rank  of  the  equation. 

CONSUL,  is  an  officer  established  by  virtue  of  a commis- 
sion from  the  king,  and  other  princes,  in  all  foreign  countries 
of  any  considerable  trade,  to  facilitate  and  despatch  business, 
and  protect  the  merchants  of  the  nation.  The  consols  are  to 
keep  np  a correspondence  with  the  ministers  of  England 
residing  in  the  courts  whereon  their  consulate  depends.  They 
are  to  support  tbe  commerce  and  the  interest  of  the  nation  ; to 
dispose  of  the  sums  given,  and  the  presents  made  to  the  lords 
and  principals  of  places,  to  obtain  their  protection,  and  prevent 
tbe  insults  of  the  natives  on  merchants  of  the  nation. 
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CONTACT,  in  Mathematics,  U when  one  line,  plane,  or 
body,  is  made  to  touch  another,  and  the  parts  which  thus 
touch  are  called  the  points  of  contact. 

CONTAGION,  in  Physic,  the  communicating  a disease  from 
one  body  to  another.  In  some  diseases  it  is  only  effected  by 
an  immediate  contact,  as  in  the  syphilis  ; in  others,  it  is  con* 
veyed  by  infected  clothes ; and  in  others  it  seems  capable  of 
being  transmitted  through  the  air  at  a considerable  distance. 

CONTENT,  in  Geometry,  is  the  area  or  quantity  of  matter 
or  space  included  within  certain  limits. 

CONTIGUOUS  Angles,  in  Geometry,  are  those  which  have 
one  leg  common  to  each  angle. 

CONTINGENT,  something  casual  or  uncertain.  lienee, 
future  contingent,  in  logic,  denotes  a conditional  event  which 
may  or  may  not  happen,  according  to  circumstances.  Contin- 
gent is  also  a term  of  relation  for  the  quota  which  falls  to  any 
person  upon  a division.  Contingent  use,  in  law,  is  that  which 
is  limited  in  a conveyance  of  lands,  which  may  or  may  not 
happen  to  vest  according  to  the  contingency  mentioned  in  the 
limitation  of  the  use.  A Contingent  remainder  is  where  no 
present  interest  passes  ; hut  the  estate  is  limited  to  take  effect, 
cither  to  a dubious  and  uncertain  person,  or  upon  a dubious 
and  uncertain  event,  so  that  the  remainder  may  never  take 
effect. 

CONTINUED  PROPORTION,  in  Arithmetic,  is  that  where 
the  consequent  of  the  first  ratio  is  the  samo  with  the  antecedent 
of  the  aeeond. 

CONTRABAND,  in  Commerce,  a prohibited  commodity, 
or  merchandise  bought  or  sold,  imported  or  exported,  in  preju- 
dice fo  the  laws  and  ordinances  of  a stnte,  or  the  public  pro- 
hibitions of  tho  sovereign.  Contraband  goods  arc  not  only 
liable  to  confiscation  themselves,  but  also  subject  nil  other 
allowed  merchandise  found  with  them  in  the  same  box  bale,  or 
parcel,  together  with  tho  horses,  waggons,  &c.  which  conduct 
them.  There  arc  contraband  goods  likewise,  which,  besides  the 
forfeiture  of  the  articles,  are  attended  with  several  penalties 
and  disabilities. 

CONTRACT,  a covenant  or  agreement  between  two  or  more 
persons  with  a just  consideration.  Contracts  are  either  express 
or  implied.*  Express  contracts  are,  where  the  terms  arc  opcnlv  , 
and  plainly  uttered  ; implied,  are  those  dictated  by  reason  and  j 
justice:  thus,  if  a man  takes  up  goods  without  agreeing  about 
the  price,  the  law  concludes,  that  he  contracted  to  pay  tho  real 
value. 

CONTRACTION,  or  Dilatation,  an  essential  property  of  | 
bodies,  is  best  learned  from  experiment.  We  sre  that  the 
volume  of  namcrous  bodies  is  enlarged  or  diminished,  by  the  I 
application  of  a vast  force,  or  else  of  some  delicate  measure  ; j 
fluids  may  be  expanded  or  condensed ; hard  substances 
enlarged  or  contracted.  Thus,  if  a flaccid  bladder  be  laid  i 
within  the  receiver  of  an  air-pump,  it  will  gradually  swell  as 
the  exhaustion  advances;  but  on  restoring  the  external  pres- 
sure, it  will  agaio  shrink  into  its  former  dimensions. 

If  a tall  flask,  nearly  filled  with  water,  be  inverted  in  a jar  of 
wstcr.  and  placed  likewise  under  a pneumatic  receiver,  tbe  air 
collected  near  the  top  or  the  flask  will  visibly  expand  as  the 
operation  of  pumping  proceeds,  till  it  presses  down  the  water, 
and  begins  to  make  its  escape  from  below  in  tho  form  of 
rarefied  bubbles. 

But  air  is  easily  compressed,  by  the  opposite  action  of  a 
syringe.  In  the  vault  or  chamber  of  the  air-gun,  it  is  often 
condensed  fifty  or  even  eighty  Limes.  Nearly  the  half  of  that 
charge  may  be  thrown  into  the  pneumatic  blow- pipe,  from 
which,  on  partially  opening  the  valve,  it  will  again  flow  for  tbe 
space  of  a quarter  of  an  hour. 

Other  gases  are  likewise  notably  contracted  or  dilated,  by 
the  increase  or  diminution  of  external  pressure.  But  liquid 
substances  themselves  manifest  a similar  property,  though  in 
a much  lower  degree.  If  a large  glass  ball,  terminating  in  a 
long  narrow  and  open  stem,  divided  into  minute  spaces  corre- 
sponding to  the  millionth  parts  of  the  whole  capacity,  be  filled 
with  distilled  water,  carofolly  purged  of  air,  and  introduced 
nnder  tbe  receiver  of  a pneumatic  machine  ; as  the  exhaustion 
advances,  the  water  will  proportionally  expand,  and  rise  near  . 
fifty  division*;  hot,  on  admitting  the  atmosphere  again  to 
compress  the  water,  it  will  sink  to  its  former  place  in  the  stem.  ‘ 


The  contraction  which  the  water  suffers,  at  every  iacrease  of 
pressure,  exceeds  not  indeed  the  20,000th  part  of  what  air 
would  undergo  in  like  circumstance* ; but  it  is  equally  real, 
and  eviuces  an  inherent  property.  Mercury  treated  in  the 
same  way  shews  a contraction  three  times  less  than  water. 
Alcohol,  ether,  oils,  and  the  various  acids  and  saline  solutions, 
are  all  condensed  or  expanded,  though  in  different  degrees,  by 
tho  change  of  atmospheric  pressure. 

If  the  stem  of  the  instrument  now  mentioned,  were  made  to 
screw  to  the  ball  at  a wide  aperture,  fragments  of  solid  bodies 
cuuld  be  easily  introduced,  and  the  vacant  spare  filled  up  with 
water  ; the  contraction  of  this  portion  of  water  being  deducted 
from  the  contraction  of  tbe  mixture,  would  give  the  distinct 
condensation  of  the  hard  materials.  In  this  way,  the  compres- 
sibility of  the  various  stones  and  metals  could  be  accurately 
examined. 

The  contraction  and  distention  produced  by  external  or 
internal  pressure  on  glass,  is  quite  visible  in  a thermometer 
with  a large  bulb  and  very  long  tube.  When  the  mercury 
stands  near  the  top  of  the  scale,  it  will  immediately  rise  on 
reclining  the  tnbe,  and  will  continue  to  flow  till  the  thermo- 
meter has  been  reversed ; but  tho  mercury  will  again  retreat, 
as  the  instrument  is  brought  back  to  its  vertical  position. 
This  experiment  proves,  that  the  bulb  has  its  capacity  sensibly 
enlarged  by  the  thrust  of  the  mercurial  column.  When  long 
bars  of  wood,  iron,  or  other  metals,  are  laid  horixontal  on 
supports,  they  bend  downwards  by  their  own  weight,  and  this 
depression  is  increased  by  augmenting  the  incumbent  pres- 
sure. The  upper  fibres  are  therefore  drawn  into  a narrower 
carve  than  those  at  the  middle  of  the  bar,  while  the  under 
fibres  arc  extended  into  a wider  convexity  : the  particles  of  the 
former  arc  thus  contracted,  and  those  of  the  latter  distended. 
It  is  likewise  obvious,  that  in  this  incurvation,  tbe  contraction 
or  dilatation  induced  will  be  proportional  to  the  thickness  of 
the  bar. 

The  various  kinds  of  wood  are  far  more  compressible  than 
water,  and  suffer,  hence,  a very  considerable  degree  of  conden- 
sation, or  being  let  down  to  great  depths  in  the  ocean.  Pieces 
of  oak,  ash,  or  elm,  plunged  two  or  three  hours  in  a calm  sea, 
at  the  enormous  depth  of  a thousand  fathoms,  and  then  drawn 
up,  have  been  found  to  contain  four-fifths  of  their  weight  of 
water,  and  to  acquire  such  increase  of  density  as  indicates  a 
contraction  of  the  wood  into  about  half  its  previous  volume. 
The  specimens  which  havo  undergone  this  singular  change,  if 
thrown  into  a pail  of  water,  will  sink  like  a stone.  Hence 
probably  the  reason,  why  harks  lost  near  the  shore,  are  after- 
wards discovered  by  tbeir  timbers  breaking  up  and  floating  to 
the  surface ; while  the  ships  which  founder  in  the  wide  ocean, 
acquiring  permanent  density  from  the  vast  compression  they 
sustain,  remain  motionless  at  the  bottom,  and  never  rise  again 
to  disclose  their  fate. 

But  pieces  of  wood,  even  of  the  softer  kinds,  whether  roond 
or  square,  may  be  easily  squeezed  in  the  direction  perpendicu- 
lar to  their  fibres,  by  the  action  of  a common  vice.  If  allowed 
to  stand  only  a few  minutes  nnder  that  compression,  and  imme- 
diately thrown  into  water,  thej  will  sink  to  rise  no  more.  If 
the  wood  be  kept  much  longer  undeT  the  vice,  it  will  take  a set, 
and  become  constitutionally  denser.  Even  cork  may,  by  com- 
pression, be  made  to  sink  in  water;  but  as  its  texture  is  nearly 
uniform,  the  force  must  be  exerted  on  all  sides.  Into  a thick 
and  very  strong  glass  cylinder,  having  a svriuge  adapted  to  it. 
Introduce  a large  cork  ball,  and  inject  the  air  by  quick  and 
powerful  strokes ; the  ball  will  gradually  shrivel,  till  it  has 
contracted  even  to  less  than  one-third  of  its  bulk  ; but  on 
allowing  tbe  charge  of  air  to  escape,  the  oork  will  speedily 
resume  its  former  shape  and  dimensions.  If  the  condenser  be 
partly  filled  with  water,  on  which  the  ball  of  cork  is  set  to  float, 
it  will,  under  a like  compression,  though  it  has  a minute  por- 
tion of  the  liquid  driven  into  its  substance,  shrink  to  nearly  die 
same  size  as  before,  and  soon  fall  to  the  bottom.  Hence  tbe 
success  of  the  common  experiment  at  sea,  of  letting  down,  in 
calm  weather,  to  the  depth  of  twenty  or  thirty  fathoms,  an 
empty  corked  battle,  aud  then  drawing  it  up  full  of  water, 
though  the  cork  still  remains  in  the  neck.  The  water  is  not  in 
this  case  forced  through  tbe  pore*  of  the  cork  as  generally 
supposed,  but  the  coil  itself  being  condensed  by  the  lateral 
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pressure  of  the  incumbent  maw,  allows  it  to  enter  by  the  aides, 
and  dislodge  the  air. 

Bodies  are  also  contracted  or  dilated,  from  the  operation  of 
some  internal  cause.  Thus,  dry  air  is  visibly  expanded  by  its 
union  with  moisture.  If,  in  a warm  room,  the  inside  of  a tall 
flask  he  wetted  by  a few  drops  of  water,  and  the  mouth 
inverted  in  a basin  of  water,  the  contained  air,  in  proportion 
as  it  becomes  humified,  will  discharge  a copious  stream  of 
bubbles.  On  the  other  hand,  a notable  contraction  of  their 
joint  volume  is  produced  in  the  absorption  of  water  by  saw- 
dust, linen,  or  bibulous  paper.  Tbe  combination  of  equal 
measures  of  water  and  alcohol  is  accompanied  by  a contraction 
amounting  to  the  fiftieth  part  of  the  whole.  A similar  effect 
results  from  the  solution  of  tbo  sulphate  of  soda,  and  other 
highly  soluble  salts. 

The  alliage  of  different  metals  often  betrays  a large  contrac- 
tion. The  power  of  tin  to  condense  copper  in  the  composition 
of  bronze,  was  even  remarked  by  the  ancients,  who  combined 
these  metals  in  various  proportions,  to  form  their  knives, 
chisels,  or  hatchets.  Equal  bulks  of  lio  aud  copper  are  found 
to  suffer  a contraction  amounting  to  not  less  than  the  fifteenth 
part-of  their  whole  volume. 

A liquid,  in  joining  any  solid  substance,  commonly  occasions 
a general  contraction ; but  the  solid  itself  may  yet  by  this 
accession  expand  with  prodigious  force.  Thus  dry  peas  being 
rammed  into  a gun  barrel,  and  their  interstices  filled  with 
water,  will  in  a short  time  burst  tbe  barrel.  In  like  manner,  if 
wedges  of  soft  dry  wood  be  driven  into  slits  made  with  a saw 
in  blocks  of  freestone  or  marble,  and  then  have  water  poured 
upon  them,  these  wedges  will  quickly  swell  and  rend  the  rock. 
Sach  was  the  ancient  mode  of  quarrying,  before  the  explosive 
power  of  gunpowder  came  to  he  introduced.  It  is  still  prac- 
tised in  the  art  of  catting  millstones  in  France,  holes  being 
bored  at  intervals  in  a line  draw  n across  the  block,  and  wooden 
plugs  driven  into  them,  and  then  wetted. 

Hence  if  the  side  of  a thin  piece  of  wood  be  moistened,  it 
will  bend  backwards,  the  Immidiiy  insinuating  itself  into  tbe 
soft  parenchymatous  matter  between  the  fibres,  and  therefore 
enlarging  the  circle  of  flexure.  The  thinner  the  wood  is  sliced, 
the  greater  will  evidently  be  the  incurvation  produced  by  the 
wetting  of  its  convex  surface.  Tire  fibres  of  hair  and  wool, 
by  tbe  unequal  rubbing  aud  moisteuing  of  their  sides,  arc  made 
to  curl  up,  and  to  condense  like  a clue.  On  this  property 
seems  to  be  really  founded  tbo  very  important  process  of 
milling,  fulling,  or  felling,  by  which  a raw  web  of  woollen  cloth 
is  thickened,  and  its  texture  rendered  firm  and  compact. 

A leathern  thong  is  extended  by  wetting,  so  are  the  filaments 
of  flax  and  hemp  ; though  a cord  is  shortened  by  wet,  the 
diameter  of  the  coil  being  increased,  and  the  extension  of  the 
overlapping  fibres  curtailed.  A sponge  dipped  in  hot  water, 
and  drawn  more  than  once  along  a rope,  it  will  in  dry  weather 
occasion,  in  one  hour,  a contraction  of  one-twentieth  pari  of 
the  w hole  length. — a remarkable  property  often  advantageously 
employed  as  a mechanical  agent.  Uut  the  most  powerful 
prinoiple  of  internal  expansion,  is  the  introduction  of  heat ; 
whose  energies  vary  exceedingly  in  different  subslanec*,  but 
which  can  always  bo  reduced  to  calculation,  hy  comparing  its 
effects  with  tbe  opposite  influence  ot  external  compression. 
Tims  the  same  absolute  portions  of  heat  communicated  to 
cylinders  of  onc-incb  diameter  and  height,  of  air,  alcohol, 
water,  mercury,  and  copper,  would  enable  those  columns 
respectively  to  sustain  tbe  weights  of  10.  12,  3.  and  2 pounds. 

A remarkable  phenomenon,  of  considerable  importance  in 
manufactures,  obtrudes  itself  on  our  notice  in  this  article, 
which  is,  the  hardness  that  certain  bodies  acquire  in  conse- 
quence of  a sadden  contraction,  and  this  is  particularly  the 
case  with  glass  and  some  of  the  metals.  Thus,  glass  vessels, 
suddenly  cooled  after  having  been  formed,  are  so  very  brittle, 
that  they  hardly  bear  to  be  touched  with  any  hard  body.  The 
cause  of  this  may  be  thus  explained  : when  glass  in  fusion  is 
very  suddenly  cooled  its  external  parts  become  solid  first,  and 
determine  tbe  magnitude  of  the  whole  piece,  while  it  still 
remains  fluid  within.  The  internal  part,  as  it  cools,  is  disposed 
to  contract  still  further,  but  its  contiaction  is  prevented  by  the 
resistance  of  the  external  parts,  which  form  an  arch  or  vault 
round  it,  so  that  the  whole  is  left  in  a state  of  constraint ; and 
21. 
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as  soon  as  the  equilibrium  is  disturbed  in  any  one  part,  the 
whole  aggregate  is  destroyed.  Hence  it  becomes  necessary  to 
anneal  nil  glass,  by  placing  it  in  an  oven,  where  it  is  left  to 
cool  slowly  ; for,  without  this  precaution,  a very  slight  cause 
would  destroy  it.  The  Bologna  jars,  sometimes  called  proofs, 
are  small  thick  vessels  made  for  the  purpose  of  exhibiting  this 
effect ; they  aro  usually  destroyed  by  the  impulse  of  a small 
and  sharp  body;  for  instance,  a single  grain  of  sand,  dropped 
into  them,  ami  a small  body  appears  to  be  often  more  effectual 
than  a larger  one ; perhaps  because  the  larger  one  is  morn 
liable  to  strike  the  glass  with  an  obtuse  part  of  its  surface. 

Contraction,  in  Physics,  tbe  diminishing  the  extent  or 
dimensions  of  a body,  or  the  causing  its  parts  to  approach 
nearer  to  each  other,  in  which  sense  it  stands  opposed  to  dila- 
tation or  expansion.  Water  nnd  all  aqueous  fluids  are  gradually 
contracted  by  a diminution  of  temperature,  until  they  arrive  at 
a certain  point,  which  ia  about  tt°  above  the  freexing  point ; 
bat  below  that  point  they  begin  to  expand,  and  continue  to  do 
so  aocordiog  as  the  temperature  is  lowered  ; and  similar  effects 
have  been  observed  with  regard  to  some  metals. 

CONTRA-IIARMONICAL  Proportion,  in  Arithmetic,  is 
that  relation  of  three  terms,  wherein  the  difference  of  the  first 
and  accoad  is  to  that  of  the  second  and  third  as  tbe  third  is  to 
the  first. 

CONTRAVALLATION,  in  the  Military  Art,  is  a line  formed 
in  the  same  manner  ns  that  of  circumvallation,  to  defend  the 
besiegers  against  the  sallies  of  the  garrison. 

Contra  validation,  or  the  Line  of  Crmtratallalion.  in  Fortifi- 
cation, a trench  guarded  with  a parapet,  and  usually  cut  round 
about  a place  by  the  besiegers,  to  secure  themselves  on  that 
side,  and  to  stop  the  sallies  of  the  garrison.  Srr  Fortification. 

CONTROLLER,  an  officer  appointed  to  control  or  oversee 
the  accounts  of  other  officers,  and,  on  occasion,  to  certify 
whether  or  no  things  have  been  controlled  or  examined.  In 
England,  we  have  several  officers  of  this  name — controller  of 
the  king’s  house,  controller  of  the  navy,  controller  of  the  cus- 
toms, controller  of  the  mint,  he. 

CONTUMACY,  in  Law,  a refusal  to  appear  in  court  when 
legally  summoned,  or  the  disobedience  of  the  rules  and  orders 
of  a court  having  power  to  punish  such  an  offence.  In  Eng- 
land, contumacy  may  be  prosecuted  to  outlawry. 

CONVENTICLE,  a private  assembly  or  meeting,  for  the 
exercise  of  religion.  The  word  was  first  attributed  as  an 
appellation  of  reproach  to  the  religions  assemblies  of  Wickliffr, 
in  this  nation, in  the  reign  ol  Edward  III.  and  Richard  II., and 
was  afterwards  applied  to  illegal  meetings  of  nonconformists. 

CONVENTION,  a treaty,  contract,  or  agreement,  between 
two  or  more  parties.  Every  convention  among  men,  provided 
it  be  not  contrary  to  honesty  and  good  manners,  produces  a 
natural  obligation,  and  makes  the  performance  a point  of 
conscience.  Every  convention  lias  either  a name  and  a cause 
of  consideration,  or  it  hr*  none;  in  the  first  case,  it  obliges 
civilly  and  naturally,  in  the  latter  only  naturally. 

Convention,  is  also  a name  given  to  an  extraordinary 
assembly  of  parliament,  or  tbe  states  of  the  realm,  had  without 
the  king's  writ ; as  was  the  convention  of  estates,  who,  upon 
the  retreat  of  James  II.  came  to  a conclusion,  that  he  had 
abdicated  tbe  throne,  and  that  the  right  of  succession  devolved 
to  King  William  and  Queen  Mary;  whereupon  their  assembly 
expired  ns  a convention,  and  was  converted  into  a parliament. 

CONVERGENT,  or  Convergiko,  the  tendency  of  different 
things,  variously  disposed,  to  one  common  point.  It  is  also 
sometimes  used  to  denote  an  approximation  towards  the  real 
value  of  a thing. 

Convergiku  Lines,  those  which  tend  to  a common  point. 

Converging  I fays,  those  which  tend  to  a common  focus. 

Conveuuino  Series , those  scries  whose  terms  continually 
diminish.  See  Series. 

CONVERSE,  in  Mathematics,  commonly  signifies  the  same 
thing  as  reverse.  Thus,  one  proposition  is  called  the  converse 
of  another,  when,  after  a conclusion  is  drawn  from  something 
supposed  in  the  converse  proposition,  that  conclusion  is  sup- 
posed ; and  then,  that  which  in  the  other  was  supposed,  is 
now  drawn  as  a conclusion  from  it : thus,  w ben  two  sides  of  a 
triangle  arc  equal,  the  angles  underthese  sides  are  equal;  and.oa 
the  converse,  if  these  angles  are  equal,  the  two  sides  are  equal. 
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Converse  propositions  are  not  necessarily  true,  but  require 
a demonstration  ; and  Euclid  always  demonstrates  such  as  he 
lias  occasion  for.  An  instance  or  two  will  shew  this.  IT  two 
lijrht-liucd  figures  are  so  exactly  of  a size  and  form  (both 
respecting  their  sides  and  angles)  that  being  laid  one  on  the 
other,  their  boundary  lines  do  exactly  coincide  and  agree, 
then  no  one  doubts  that  these  figures  are  equal.  Now  try  the 
convene.  If  two  right-lined  figures  are  equal,  then  if  they  be 
laid  the  ooc  on  the  oilier,  their  boundary  lines  exactly  coincide 
and  agree.  It  is  manifest  that  this  proposition,  though  the 
converse  of  the  former,  is  by  no  means  true.  A triangle  and  a 
square  may  have  equal  areas;  but  it  is  impossible  the  sides 
of  the  former  can  all  coincide  with  those  of  the  latter.  Again, 
if  two  triangles  have  their  sides  respectively  equal,  their  angles 
will  also  be  respectively  equal,  by  Euc.  i.  8.  But,  if  two  tri- 
angles have  their  angles  respectively  equal,  it  docs  not  follow 
that  the  sides  will  be  respectively  equal : this  may  or  may  not 
be  true,  according  to  circumstances.  Converse  propositions, 
therefore,  need  a proof,  notwithstanding  this  has  been  termed 
superfluous  and  impertinent  by  Emerson  and  some  others. 

CONVERSION  of  Proportion,  is  when,  of  four  proportionals, 
it  is  inferred  that  the  1st  is  to  its  excess  above  the  2d,  as  the 
3d  to  its  excess  above  the  4tb- — Conversion,  Centre  of,  in 
Mechanict . See  Centre  of  Conversion. 

CONVEX,  round  or  curved,  or  protuberant  outwards,  as 
the  outside  of  a globular  body. 

CONVEXITY,  the  exterior  or  outward  surface  of  a convex 
or  round  body. 

CONVEXO-Concavf.  Lens,  is  one  that  is  convex  on  one 
side,  and  concave  on  the  other. — CoNvaxo-Coavex  Lens,  is  one 
that  is  convex  on  both  sides. 

CONVEYANCE,  in  Law,  a deed  which  passes  from  one  or 
more  persons  to  others. 

CONVICT,  in  Common  Law,  a person  that  Is  found  guilty  of 
an  offence  by  the  verdict  of  a jury.  The  law  implies,  that 
there  must  be  a conviction  before  punishment  for  any  offence, 
though  it  be  not  mentioned  in  any  statute.  On  a joint  indict- 
ment. or  information,  some  of  the  defendants  may  be  convicted, 
and  others  acquitted. 

Convict  Recusant,  a person  who  has  been  legally  presented, 
indicted,  and  convicted,  for  refusing  to  come  to  church  to  bear 
the  common  prayer,  according  to  the  statutes  1 and.  23  Elis, 
and  3 Jar  I. 

CONVOCATION,  an  assembly  of  the  clergy  of  England,  by 
their  representatives,  to  consult  of  ecclesiastical  matters.  It 
is  held  during  the  session  of  parliament,  and  consists  of  an 
upper  and  lower  house.  In  the  upper  sit  the  bishops,  and  in 
the  lower  the  inferior  clergy.  The  convocation  is  now  a mere 
form,  and  never  enters  upon  business. 

CONVOLVULI'S,  Rind- Weed,  a genus  of  the  pentandria 
class  and  rnouogynia  order,  in  the  natural  method  ranking 
under  the  2t)th  order,  campanacccc,  of  which  there  arc  110 
species. 

CONVOY,  in  Marine  affairs,  one  or  more  ships  of  war, 
employed  to  accompany  and  protect  merchant  ships,  and  pre- 
vent their  being  insulted  by  pirates,  or  the  enemies  of  the  state 
in  time  of  war. 

Convoy,  in  Military  matters,  a body  of  men  that  guard  any 
supply  of  men.  money,  ammunition,  or  provisions,  conveyed  by 
land  into  a town,  army,  or  the  like,  in  time  of  war. 

CONVULSION,  a preternatural  and  violent  contraction  of 
the  membraneous  and  muscular  parts  of  the  body. 

CONUS,  in  Natural  History,  a genus  of  Vermes  Textacea, 
is  divided  into  five  distinct  families.  There  arc  upwards  of 
seventy  species  enumerated.  Many  of  the  conus  tribe  are 
beantiful  shells,  and  bear  a high  price  on  account  of  their 
rarity.  We  have  no  species  of  this  genus  upon  the  English 
coast.  Some  very  carious  kinds  have  been  discovered  in  a 
fossil  state  in  England,  chiefly  in  the  chalk  dills  of  Hampshire. 

COOKERY,  or  Cooking,  the  exercise  of  art  in  the  prepara- 
tion of  food  for  human  sustenance.  It  consists  not  only  in  the 
application  of  heat  under  various  modifications  and  circum- 
stances. hut  also  in  the  due  intermixture  of  condiments,  calcu- 
lated as  well  to  please  the  palate  as  to  promote  nutrition.  The 
exercise  of  this  art  is  peculiar  to  man,  and  it  has  been  deemed 
by  naturalists  one  of  his  peculiar  characteristics,  that  he  is  " a 


cooking  animal.'*  Dr.  Cullen  says,  that  the  cooking  of  vege- 
tables by  boiling,  renders  them  more  soluble  in  the  stomach* 
notwithstanding  the  degree  of  coagulation  which  their  juice# 
undergo.  In  the  second  place,  the  application  of  a bulling 
heat  dissipates  the  volatile  parts  of  vegetable  substances, 
which  are  seldom  of  a nutritious  nature,  but,  in  many  cases, 
have  u tendency  to  prove  noxious.  In  the  third  place,  boiling 
helps  to  extricate  a considerable  quantity  of  Rir,  that,  in  the 
natural  slate  of  vegetables,  is  always  fixed  in  their  substance; 
and  it  is  probably  in  this  way,  especially,  that  heat  contributes 
to  the  dividing  and  loosening  the  cohesion  of  their  smaller 
parts.  Thus,  they  arc  rendered  less  liable  to  ferment,  and  to 
produce  that  flatulence  which  is  so  troublesome  to  weak 
stomachs. — In  the  cookery  of  animal  substances,  some  practices, 
previous  to  the  application  of  heat,  are  to  be  considered  as 
affecting  the  solubility  in  the  stomach;  particularly  salting  and 
pickling.  These  processes  arc  spoken  of  under  the  article 
Condiments. 

The  cookery  of  animal  suhstanees  is  of  two  kinds,  as  it  is 
applied  in  a humid  foim  in  boiling  and  stewing;  or  in  a dry 
form,  in  roasting,  broiling,  and  baking.  11  v the  joint  applica- 
tion of  beat  and  moisture  to  meat  in  boiling,  the  texture  is 
rendered  more  tender  and  soluble  in  the  stomach ; and  it  is 
only  in  this  way  thai  the  firmer  parts,  as  the  tendinous,  liga- 
mentous. and  membranous  parts,  can  be  duly  softened,  and 
their  gelatinous  substance  rendered  subservient  to  nutrition. 
Yet  these  effects  are  different  according  to  the  degree  of  boil- 
ing. A moderate  boiling  may  render  their  texture  more  tender, 
without  much  diminution  of  their  nutritious  quality  ; but  if  the 
boiling  is  extended  to  extract  every  thing  soluble,  the  substance 
remaining  is  certuinly  less  soluble  in  the  stomach,  and  at  the 
same  time  much  less  nutritious.  But  as  boiling  extracts,  in 
the  first  place,  the  more  soluble,  and  therefore  the  saline  parts  ; 
so,  what  remains  is,  in  proportion,  less  alkalescent,  and  less 
heating  to  the  system. 

Boiling  in  digesters,  or  vessels  accurately  closed,  produces 
effects  very  different  from  boiling  in  open  vessels.  From  meat 
cooked  in  the  latter,  there  is  no  exhalation  of  volatile  parts; 
the  solution  is  made  with  great  success,  and  if  not  carried  very 
far,  the  meat  may  be  rendered  very  tender,  while  it  still  retains 
its  most  sapid  parts;  and  this  is  esteemed  always  the  most 
desirable  state  of  boiled  meat.  If  a small  quantity  of  water 
only  is  applied,  and  the  heat  continued  long  in  a moderate 
degree,  the  process  is  called  stewing,  which  has  the  effort  of 
rendering  the  texture  of  meat  more  tender,  without  extracting 
much  of  the  soluble  parts.  This,  therefore,  leaves  the  meat 
moro  sapid,  and  in  a state  perhaps  the  most  nourishing  of  any 
form  of  cookery,  as  we  learn  from  the  admirable  essays  and 
experiments  of  Count  Romford,  who  found  very  unusual  effects 
produced  on  meat,  by  a low  degree  and  long  continued  action 
of  heat,  both  in  the  dry  and  humid  way. 

The  application  of  a dry  heat  in  the  cookery  of  meat  is  of  two 
kinds,  as  it  is  carried  on  in  cluse  vessels,  or  as  it  exposed  to 
the  air.  The  first  of  these  which  wc  shall  consider,  is  baking. 
In  this  practice,  meat  lias  generally  a covering  of  paste,  by 
which  any  considerable  exhalation  is  prevented,  and  the  reten- 
tion of  the  juices  renders  the  meat  more  tender.  In  all  cases, 
when  the  heat  applied  loosens,  and  in  some  measure  extricates, 
the  air  without  exhaling  it.  the  substance  submitted  to  this 
process  is  rendered  more  lender  than  when  an  exhalation  is 
allowed.  In  broiling,  an  exhalation  takes  place,  but  as  the 
beat  of  a naked  fire  is  more  nearly  applied,  the  outer  surface 
is  in  some  measure  hardened  before  the  heat  penetrates  the 
whole,  and  thereby  a great  exhalation  is  prevented,  while  the 
whole  is  rendered  sufficiently  tender ; but  this  hind  of  cookery 
is  suited  to  mrats  that  are  chosen  to  be  eaten  a little  raw. 
Nearly  akin  to  this  is  the  practice  of  fryiog,  in  which  the  meat 
being  cut  into  thin  slices,  and  laid  in  a pan  over  the  naked  fire, 
the  heat  is  applied  more  equally  to  the  whole  substance.  But 
as  the  part  of  the  meat  lying  next  to  the  bottom  of  the  vessel 
would  be  suddenly  hardened  by  the  heat,  it  is  always  necessary 
to  interpose  some  fluid  matter,  usually  of  an  oily  quality,  as 
, butter.  A strong  heat  applied  to  the  latter  renders  it  empy- 
i rcumatic,  or  at  least  less  miscible  with  the  fluids  of  the  stomach } 
: so  that  all  fried  meals  are  less  easily  digested  than  those  of  any 
other  preparation  Sometimes,  indeed,  tho  same  thing  bap- 
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pens  to  baked  meats,  to  which  an  oily  matter,  and  that  only,  is 
added  to  avoid  the  too  drjing  heat  of  the  oven.  It  is  obvious, 
that  the  preparations  of  stewing  and  frying  may  be  frequently 
joined  together : and  according  to  there  being  more  or  less  of 
the  one  or  other,  the  effects  may  be  imagined. — Watkins' 
CVCLOPOUHA* 

COOLER,  among  brewers,  distillers,  kc.  a large  vessel 
wherein  certain  liquors  are  cooled  after  having  been  boiled. 

COOPER,  in  the  Trades,  an  artificer  who  makes  casks,  tubs, 
barrels,  and  all  kinds  of  wooden  vessels,  which  are  bound  toge- 
ther with  hoops.  This  is  unquestionably  a very  ancient  trade, 
and  is  referred  to  2000  years  ago  by  the  writers  on  rural 
economy  in  Rome.  Their  descriptions  correspond  in  a good 
measure  with  the  construction  or  casks  in  our  day.  It  is  not 
known  when  the  business  of  a cooper  was  first  introduced  into 
this  country,  but  it  has  been  supposed  it  was  derived  from  the 
French.  Wood  used  for  the  purpose  of  cask-making,  should  be 
old  and  thick  ; straight  trees  are  the  best ; from  these  are  hewn 
thin  planks,  which  are  formed  into  staves.  In  France,  we  are 
told,  the  wood  is  prepared  in  winter  ; the  staves  and  bottoms 
are  then  formed,  and  they  are  put  together  in  summer. 

CO-ORDINATES,  in  the  theory  of  CVtom,  signifying  any 
absciss,  and  its  corresponding  ordinate. 

COPaIBA,  or  Balsam  op  Copaiba,  a liquid  resinous  juice, 
which  comes  from  the  trunk  of  the  copaifera  kalsamum.  Dis- 
tilled in  water,  it  yields  a quantity  of  limpid  essential  oil. 

COPAIFERA,  a genus  of  the  monogynia  order  in  the  decan- 
dria  class  of  plants,  ranking  in  the  natural  method  under  the 
doubtful  order.  There  is  only  one  species,  the  officinalis,  which 
grows  in  Spanish  America.  Some  trees  do  not  yield  any 
balsam,  and  those  which  do  are  distinguished  by  a ridge  run- 
ning along  their  trunks.  These  trees  are  wounded  in  the 
centre,  and  one  of  them  will  yield  live  or  six  gallons  of  balsam, 
but  though  they  thrive  after  being  tapped,  they  never  give  any 
more  juice. 

COPAL,  is  a beautiful  white  resinous  substance,  with  a slight 
tint  of  brown.  It  is  sometimes  opaque,  and  sometimes  almost 
perfectly  transparent.  When  heated,  it  melts  like  other  resins ; 
but  it  differs  from  them  in  not  being  soluble  in  alcohol,  nor  in 
oil  of  turpentine  without  peculiar  management.  Neither  does 
it  dissolve  in  the  fixed  oils  with  the  same  case  as  the  other 
resins.  When  copal  is  dissolved  in  any  volatile  liquid,  and 
spread  thin  upon  wood,  metal,  paper,  kc.  so  that  the  volatile 
menstruum  may  evaporate,  the  copal  remains  perfectly  trans- 
parent, and  forms  one  of  the  roost  beautiful  and  perfect 
varnishes  that  can  well  be  conceived.  The  varnish  thus  formed 
is  called  copal  varnish,  from  the  chief  ingredient  in  it. 

COPARCENARY,  in  Law,  an  estate  is  said  to  be  so  held 
when  lands  of  inheritance  descend  from  the  ancestor  to  two  or 
more  persons. 

COPERNICAN  System,  is  that  system  of  the  world  in  which 
the  sun  is  supposed  at  rest;  and  the  earth  and  the  several 
plannrts  to  revolve  about  him  &*  a centre,  while  the  moon  and 
the  other  satellites  revolve  about  their  respective  primaries  in 
the  same  manner.  The  heavens  and  stars  arc  here  supposed 
at  rest,  and  that  diurnal  motion  which  they  appear  to  have  from 
east  to  west  is  imputed  to  the  earth’s  motion  from  west  to  east 
This  system  was  asserted  and  taught  by  many  of  the  ancients, 
particularly  by  Ecphantus,  Sclencus,  Aristarchus,  Philolaus, 
Cleanthes,  Samius,  Nicetas.  Heraclides,  Fonticos,  Plato,  and 
P>  thagoras ; from  the  last  of  whom  it  was  anciently  denomi- 
nated the  Pythagorean  System. 

COPERNICUS,  Nicolas,  an  eminent  astronomer,  bom  at 
Thorn  in  Prussia,  Jan.  10,  1472,  very  early  discovered  a great 
bias  for  mathematics,  which  he  pursued  through  all  its  various 
branches ; and  soon  acquired  so  gTcat  a reputation,  that  he 
was  chosen  professor  of  mathematics  at  Rome,  where  he 
tanght  for  a long  time  with  great  applause.  He  also  made 
some  astronomical  observations  there  about  the  year  I GOO. 
Returning  to  his  own  country,  he  began  to  apply  his  knowledge 
to  correct  the  system  of  astronomy  which  then  prevailed.  Of 
all  the  hypotheses  of  the  ancients,  none  pleased  him  so  well  as 
the  Pythagorean,  which  made  the  son  the  centre  of  the  system, 
and  supposed  the  earth  to  move  not  only  roand  the  sun,  but 
round  its  own  axis  also.  After  much  profound  contemplation, 
and  many  careful  calculations,  he  removed  the  obscurities  of 


this  old  system,  and,  in  fact,  much  improved  it.  ITis  discove- 
ries and  improvements  he  comprised  in  a hook,  printed  in 
164.3,  under  the  title  of  “ Revolutionibus  Orbium  t’u  lcstium 
and  the  author  received  a copy  of  it  a few  hours  before  bis 
death,  on  the  24th  of  May  1643.  he  being  then  70  years  of  age. 
Few  works  have  destroyed  more  errors,  or  established  more 
important  truths,  than  this  great  work  of  Copernicus.  His 
noble  theory  was  at  first  coldly  received,  or  utterly  rejected: 
but  the  labours  of  future  astronomers  at  length  obtained  it  a 
complete  triumph.  Corpcrnicus  was  also  the  first  who  demon- 
strated the  double  orbit  of  the  moon ; her  menstrual  motion 
aboot  the  earth,  and  her  annual  about  the  sun.  Nor  did  this 
great  man  stop  here:  for,  after  laying  a solid  foundation  of  the 
celestial  physics,  he  began  the  superstructure,  by  surmising  a 
principle  of  attraction  to  be  inherent  in  all  matter.  Copernicus 
also  wrote  a tract  on  Trigonometry  ; and  has  exhibited  tokens 
of  the  versatility  of  his  talents,  as  it  ii  acknowledged  that  he 
had  considerable  skill  ns  a painter,  and  was  extremely  well 
acquainted  with  the  Latin  and  Greek  languages. 

Copernicus,  the  name  of  an  astronomical  instrument, 
invented  by  Whiston,  to  shew  the  motion  and  phenomena  of 
the  planets,  both  primary  and  secondary. 

COPPER,  a well-known  metal,  orange-colonrcd,  nine  times 
heavier  than  water,  and  very  clastic.  This  fine  metal,  of  which 
Great  Britain  produces  abundance,  is  manufactured  into 
numerous  kinds  of  utensils,  machinery  in  powder  mills,  sash 
frames,  and  several  preparations  of  medicine.  The  oxide  or 
rust  of  copper  gives  a beautiful  green  to  porcelain,  or  glass: 
hence  it  is  employed  in  making  artificial  emeralds.  Copper  is 
very  abundantly  used  in  covering  the  bottoms  of  ships.  It  is 
nearly  forty  years  since  the  more  intelligent  among  our  ship- 
owners introduced  the  use  of  copper  as  sheathing  for  their 
vessels,  and  the  advantages  soon  became  so  conspicuous,  as 
to  lead  to  its  adoption  in  most  cases  where  the  circumstances 
of  the  owners  were  such  as  to  admit  of  the  expense.  In  the 
navy,  the  more  general  use  of  copper  has  formed  one  of  the 
main  features  of  the  improvements  of  the  age,  but  at  a groat 
expense,  in  consequence  of  the  rapid  decay  of  the  article ; for 
while  in  a few  cases  copper  would  be  found  to  last  ten  or 
fifteen  years,  in  the  great  majority  of  instances  it  was  worn 
out  in  a third,  or  less  than  a third,  of  the  time.  The  Commis- 
sioners of  the  Navy,  anxious  to  lessen  this  source  of  expense, 
and  still  more  the  uncertainty  which  attaches  to  the  duration 
of  vessels,  particularly  on  foreign  stations,  from  the  decay  of 
the  copper,  determined  that  a course  of  experiments  should  bo 
instituted,  to  ascertain,  if  possible,  the  cause  of  this  remarkable 
difference  in  the  quality.  Application  was,  therefore,  made  to 
Sir  If.  Davy,  and  the  council  of  the  Royal  Society,  for  their 
assistance,  also  to  the  officers  of  his  Majesty's  Mint.  At  the 
Mint  the  investigation  was  undertaken  by  Mr.  Mushet,  who, 
from  his  situation  in  the  melting  department,  had  great  advan- 
tages, both  in  experience,  and  in  the  command  of  machiucry  for 
making  experiments.  He  was  also  supplied  with  specimens 
of  copper  by  the  Navy  Board,  taken  from  the  bottom  of  a 
Dutch  ship,  the  Batavia,  captured  in  the  year  1798,  the  copper 
of  which,  after  26  years'  wear,  was  very  perfect,  though  con- 
siderably reduced  in  weight.  Mr.  Mushet,  after  engaging  in 
this  important  investigation,  at  last  brought  his  labours  to  a 
satisfactory  close,  having  arrived  at  a knowledge  of  the  che- 
mical process  by  which  durability  is  communicated  to  copper, 
and  having  taken  out  a patent  for  the  newly  discovered  method. 

COPPERAS,  tho  green  salt  sulphate  of  iron  is  so  named ; 
and  also  the  blue  salt  sulphate  of  copper  is  sometimes  also 
called  copperas. 

COPPERED,  or  Copper-bottomed,  sheathed  with  thin 
sheets  of  copper,  which  preveots  the  worm  eating  into  the 
planks,  or  filth  accumulating  on  the  bottom,  whereby  a ship  is 
made  to  sail  heavily. 

Copper-fastened,  the  bolts  and  other  metal  work  in  the 
exterior  of  the  bottom,  made  of  copper  instead  of  iron;  the 
advantage  of  which  is.  that  the  vessel  may  afterwards  be  cop- 
pered without  danger  nf  the  sheathing  corroding  the  heads  of 
the  bolts,  which  it  is  found  to  do,  if  they  arc  made  of  iron;  and 
to  prevent  the  rapid  corrosion  and  decay  of  copper,  on  the 
bottoms  of  ships,  Sir  II.  Davy  recommends  the  fixing  of  small 
masses  or  wires  of  tin,  or  some  other  readily  oxidable  metal. 


196 


C O K 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


COR 


in  contact  with  the  copper  sheathing,  by  which  it  is  expected 
that  the  copper  will  be  rendered  so  negatively  electrical,  that 
the  sea  water  will  act  but  slightly  upon  it. 

COPULA,  in  Logic,  the  verb  which  connects  any  terras  in  an 
affirmative  or  negative;  as  riohes  make  a man  happy,  where 
the  word  make  is  the  copnla. 

COPULATIVE  Proportions,  arc  those  wherein  the  sub- 
ject and  predicate  arc  so  joined  by  copulative  conjunctions, 
that  they  may  be  severally  affirmed  or  denied  or  one  another. 

COPYHOLD,  in  Law,  a tenure  for  which  the  tenant  has 
nothing  to  shew  bat  the  copy  of  the  rolls  made  by  the  steward 
in  the  lard's  court — The  customs  of  manors  differ  as  much  as 
the  humour  and  temper  of  the  respective  ancient  lords ; so  a 
copyholder  by  custom  may  be  tenant  in  fee-simple,  in  fee-tail, 
for  life,  by  the  courtesy,  in  dower,  for  years,  at  sufferance,  or 
on  condition ; subject,  however,  to  be  deprived  of  these 
estates  upon  the  concurrence  of  those  circumstances  which  the 
will  of  the  lords,  nromulgcd  by  immemorial  custom,  hath 
declared  to  be  a forfeiture,  or  absolute  determination,  of  those 
interests  ; as  in  some  manors  the  want  of  issue,  in  others  the 
want  of  issue  male,  in  others  the  cutting  down  timber,  in  others 
the  non-payment  of  rent  or  fine.  Yet  none  of  these  interests 
amount  to  freehold ; for  the  freehold  of  the  whole  manor 
abides  always  with  the  lord  only,  who  hath  granted  out  the  uso 
of  occupation,  but  not  the  corporeal  seisin,  or  true  possession 
of  certain  parts  or  parcels  thereof,  to  these  bis  customary 
tenants  at  will.  If  a person  would  devise  a copyhold  estate, 
he  cannot  do  it  by  his  will,  but  he  must  surrender  to  the  use  of 
his  last  will  and  testament,  and  in  his  will  declare  his  intent; 
and  here  the  lands  do  not  pass  by  the  will,  but  by  the  surren- 
der thus  made.  Copyhold  inheritances  have  no  collateral 
qualities,  which  do  not  concern  the  descent,  as  to  make  them 
assets  to  bind  the  heir,  or  whereof  the  wife  may  be  endowed. 
See.  Tbey  are  not  extendible  in  execution,  but  are  within  the 
acts  against  bankrupts,  and  the  statutes  of  limitation. 

COPYRIGHT,  the  ripht  which  an  author  may  be  supposed 
to  have  in  his  own  original  literary  compositions  ; so  that  no 
other  person,  without  lus  leave,  may  publish  or  make  profit  of 
the  said  compositions. 

CORACIAS,  the  Roller,  a genus  of  birds  of  the  order  of 
picas,  of  wbioh  there  are  sixteen  species,  though  some  are  only 
supposed  to  be  varieties. 

COKALLINA,  or  Coral,  a genus  belonging  to  the  order  of 
vermes  zoophyta.  The  species  are  distinguished  by  the  form 
of  their  branches,  and  are  found  in  the  ocean  attached  to  stones, 
bones,  shells,  Ac.  The  corals  were  formerly  believed  to  bo 
vegetable  subjtances,  but  are  now  known  to  be  only  a conge- 
ries of  animals.  The  islands  in  the  South  Seas  are  mostly 
corn)  rocks  covered  over  with  earth.  The  little  creatures,  which 
have  hardly  sensation  enough  to  distinguish  them  from  plants, 
build  op  a rocky  structure  from  the  bottom  of  the  sea,  till  it 
reaches  the  surfaoc.  Some  of  the  coralline  islands  are  much 
older  than  others,  and  it  is  probable,  that  as  these  submarine 
works  are  continually  going  ou,  new  islands  may  be  occasionally 
produced. 

CORALLINES,  in  Natural  History,  were  formerly  reckoned 
plants,  but.  in  the  Linnauin  system,  are  placed  in  the  class 
zoophytm,  and  defined  to  he  submarine  plants,  like  bodies  con- 
sisting of  many  slender  finely  divided  and  jointed  branches,  or 
animals  growing  in  the  form  of  plants,  having  their  stems  fixed 
to  other  bodies,  which  stems  are  composed  of  capillary  tubes, 
whose  extremities  pass  through  a calcareous  crust,  and  open 
into  pores  on  the  surface.  The  branches  are  often  jointed,  and 
always  subdivided  into  smaller  branches,  which  are  either 
loose  and  unconnected,  or  jointed  as  if  glued  together.  They 
are  distinguished  from  plants  by  their  texture  and  hardness; 
they  also  yield  in  distillation  volatile  salt,  and  their  smell 
when  turbid  resembles  that  of  horns,  and  other  animal  sub- 
stances. The  corallines  are  distributed  Into  the  vcsiculated, 
tubular,  cclliferous,  and  articulated  winds. 

^ CORALS,  consist  of  nearly  equal  portions  of  carbonate  of 
time  and  animal  matter. 

COKBRILS,  in  Fortification,  arc  baskets  filled  with  earth, 
and  so  placed  on  the  parapet,  or  elsewhere,  as  to  leave  open- 
ings through  which  to  fire  upon  the  enemy  without  being 
discovered. 


CORD,  Magical,  an  instrument  in  great  use  among  the 
Laplanders,  and  supposed  to  possess  considerable  virtues  in 
certain  magical  rites  and  ceremonies.  When  properly  pre- 
pared with  knots,  it  is  supposed  to  have  power  over  the  winds, 
aod  by  means  of  it  they  will  sell  a favourable  wind  to  any  one 
that  has  faith  enough  to  become  a purchaser.  If  they  untie 
only  one  of  these  knots,  a moderate  gale  is  to  succeed  ; if  two, 
it  is  much  stronger,  and  if  three,  there  is  to  be  a storm. 

CORDAGE,  a general  term  for  the  running-rigging  of  a ship, 
as  also  for  the  rope  which  is  kept  in  reserve  to  supply  the 
place  of  such  as  may  bo  rendered  unserv  iceable. 

CORDON,  in  Fortification,  a row  of  stones  made  round  on 
the  outside,  and  set  between  the  wall  of  the  fortress  which  ties 
aslope,  and  the  parapet  which  stands  perpendicular. 

CORDWA1NERS,  a term  applied  to  the  profession  of  shoe- 
makers, and  by  which  they  are  incorporated.  The  word  is 
formed  from  the  French  cordonnier,  and  that  from  cordovan,  a 
kind  of  leather  brought  from  Cordova  in  Spain. 

CORIANDRUM,  Cobiandf.r,  a genus  of  the  digynia  order 
in  the  pentandria  class  of  plants,  and  in  the  natural  method 
ranking  under  the  46th  order  umbcllatse.  There  are  only  two 
species,  both  herbaceous  annuals,  the  leaves  of  which  aro 
useful  for  culinary  and  the  seeds  for  medicinal  porposes.  The 
leaves  of  both  species  resemble  tho«c  of  parsley  ; but  only  one  is 
cultivated,  namely,  the  sativum,  which  has  a small  white  fibrous 
root  crowned  by  many  parted  leaves  with  broadish  segments  ; 
in  the  centre  is  an  upright  branchy  stalk,  two  feet  high,  having 
all  the  branches  terminated  by  umbels  of  flowers,  which  are 
succeeded  by  globular  fruit.  It  is  propagated  by  seed  sown 
in  March.  The  seeds  are  carminative  and  stomachic. 

CORONA  AUSTRALIS,  the  JStmthrm  Crown,  is  an  asterism 
interwoven  with  Sagittarius,  and  appearing  like  a wreath  of 
foliage  round  one  of  the  fore  legs  of  the  fabulous  Ceutanr. 
There  are  twelve  small  stars  in  this  constellation. 

CORONA  BOREALIS,  the  Northern  Crown.  This  constel- 
lation represents  a beautiful  crown  given  by  Bacchus,  it  is  said, 
to  Ariadne,  the  daughter  of  Minos,  second  king  of  Crete. 
Bacchus,  continues  the  fable,  married  Ariadne,  after  she  was 
basely  deserted  by  Theseus,  king  of  Athens;  and  after  her 
death,  the  crown  that  Bacchus  bad  given  her,  was  made  a 
constellation.  This  asterism  was  known  to  the  Hebrews  by 
the  name  of  Aimrotk,  and  by  this  name  the  stars  in  Corona 
Borealis  arc  so  called  to  this  day  in  the  East. 

Boundaries  and  Contents. — This  constellation  lies  between 
Bootes  and  Hercules,  and  is  easily  known  by  four  stars,  a,  y,  i,  t, 
forming  a crescent.  It  coulains  21  stars,  of  which  a,  called 
also  (Jemma,  is  of  the  2d  magnitude.  Gemma  rises  N.  E.  by 
N.  | E.  and  has  27°  IE1  3 If  of  north  declination,  aod  231°  40*  21' 
of  right  ascension.  There  are  likewise  six  stars  of  the  4th 
magnitude,  and  the  others  are  less  in  size.  Meridian  altitude 
of  «,  06°  3 JT. 

COKK,  is  a substance  analogous  to  wood;  it  is  the  exterior 
bark  of  a tree  belonging  to  the  genus  oak,  which  grows  wild  in 
the  southern  parts  of  Europe.  When  the  tree  is  fourteen  or 
fifteen  years  old  it  is  fit  to  be  barked,  and  may  be  done  suc- 
cessively for  several  years.  The  bark  always  grows  up  again, 
and  its  quality  improves  as  the  age  of  the  tree  increases.  If 
the  bark  is  not  taken  off  in  due  time,  it  splits  and  peels  off 
of  iLaolf,  being  pushed  away  by  the  second  growth.  The  best 
burk  comes  from  Spain  and  Portugal ; it  is  taken  off  in  sheets, 
care  being  used  in  keeping  them  as  large  as  possible.  After  it 
is  detached  from  the  tree  the  Portuguese  burn  or  char  it,  laving 
the  convex  side  of  the  bark  to  the  lire,  in  order  to  straighten 
and  swell  iL  It  is  then  piled  in  stacks  ready  for  sale. 

Cork  is  formed  into  soles  for  shoes,  into  corks  and  bungs  for 
stopping  bottles,  fitc.  into  a floatage  for  (he  nets  of  fishermen  ; 
it  is  employed  generally,  though  perhaps  with  a considerable 
degree  of  error,  in  teaching  the  art  of  swimming ; it  is  also 
ingeniously  used  on  accoont  of  its  lightness,  when  an  amputa- 
tion of  the  human  leg  has  been  necessary,  to  supply  the  defi- 
ciency. The  Spaniards  line  atone  walla  with  it,  which  not  only 
renders  their  honscs  very  warm,  but  corrects  the  moisture  of 
the  air ; the  Egyptians  made  coffins  of  it,  which  being  covered 
in  the  inside  with  a resinous  composition,  preserved  their  dead 
bodies.  It  is  burnt,  to  make  that  light  black  substance  called 
Spanish  black,  from  its  having  been  first  made  in  Spain.  Cork 
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Lark  bus  not  only  been  applied  as  above,  but  also  in  the  pre- 
servation of  life  when  in  danger  of  shipwreck. 

CnitK  Fossil,  a kind  of  stone  w hich  is  a species  of  amianthus, 
consisting  of  flexible  fibres  loosely  interwoven,  and  resembling 
cork.  It  is  fusible  by  6re,  and  forms  a black  glass. 

Cork  Jacket,  a sort  of  waistcoat  composed  of  four  pieces  of 
cork,  two  for  Iho  breasts  and  two  for  the  buck,  the  whole 
covered  with  canvass,  with  two  holes  to  put  the  arms  through.  I 
It  was  invented  by  Mr.  Dubourg,  but  has  been  improved  by 
Dr.  Wilkinson  by  cutting  the  cork  into  small  pieces,  and 
outlting  them  between  two  canvass  waistcoats.  The  most 
umoroiit  may  venture,  with  one  of  these  on,  into  a rough  sea. 

CORN,  the  grain  or  seeds  of  plants  separated  from  the 
spica  or  ear,  and  used  in  making  bread.  It  is  contrary  to  tho 
statute  to  buy  or  sell  corn  in  the  sheaf,  or  otherwise  than  by 
Winchester  measure. 

Corn,  in  Medicine  or  Surgery,  a hard  tubercle  like  a flat 
wart,  growing  in  several  part*  of  the  feet,  especially  upon  the 
joints  of  the  toes.  This  disorder  is  attributed  to  the  wearing  of 
too  straight  or  narrow-toed  shoes,  which  never  fail  to  produce 
these  tubercles,  especially  if  the  person  is  obliged  to  stand  or 
walk  much,  and  in  the  summer  time.  Various  are  the  methods 
used  for  removing  these  callosities  of  the  skin  and  cuticle; 
some  by  the  knife,  and  others  by  the  application  of  emollient 
aud  caustic,  or  eroding  medicine. — As  few  things  are  more 
troublesome  than  corns  in  the  feet  to  those  who  have  much 
walking,  we  may  observe,  that  the  pressure  may  be  prevented 
in  the  following  manner : Take  a piece  of  linen,  spread  with 
any  emollient  plaster;  lay  one  piece  over  another,  eight,  or 
ten,  or  more  times,  and  cut  a bole  in  the  middle  of  them, 
exactly  the  same  size  and  circumference  as  the  corn,  then 
apply  it  in  such  a way  that  the  corn  enters  the  hole  in  the 
plaster,  audit  is  thus  defended  against  the  contact  of  shoes  and 
stockings. 

CORNER  STONES,  in  Architecture,  the  two  stones  which 
stand  one  in  each  joint  of  the  chimney,  commonly  made  of 
Rcigate  or  free-stone. 

CORNET,  in  the  Military  art,  the  third  commissioned  officer 
in  a troop  of  horse  or  dragoons.  He  commands  in  the  lieu- 
tenant’s absence,  his  principal  duty  being  to  carry  the  stand- 
ard near  the  middle  of  the  first  rank  of  the  sauadron. 

Cornet,  among  the  Ancients,  a musical  instrument  resem- 
bling a trumpet  used  in  war. 

CORNUCOPIA,  or  Horn  op  Plenty,  among  Painters, 
Ac.  is  a large  horn,  out  of  which  issue  fruits,  flowers,  Ac.  Upon 
models,  the  cornucopia;  is  given  to  all  deities,  genii,  and  heroes, 
to  mark  the  felicity  and  abundance  of  all  the  wealth  procured 
by  the  goodness  of  the  former,  or  the  care  and  valour  of  the 
latter. 

COROLLARY,  a consequence  drawn  from  something 
advanced  or  demonstrated. 

CORONATION,  the  public  and  solemn  confirming  the  title, 
and  acknowledging  the  right  of  sovereignty  belonging  to  a king 
or  queen  : at  which  time  the  prince  swears  reciprocally  to  the 
people,  to  observe  the  laws,  customs,  and  privileges  of  the  king- 
dom, and  to  act  and  do  all  things  conformable  thereto. 

CORONER,  an  ancient  ofliccr  at  the  common  law,  and  ko 
called  because  he  acts  chicllj  in  pleas  of  the  crown.  By  sta- 
tute no  person  can  be  chosen  coroner  unless  he  have  land  in 
fee  in  the  county.  The  electors  also  must  be  freeholders.  The 
coroner’s  duty  is  to  inquire  how  any  person  came  by  an 
untimely  death,  for  which  purpose  ho  issues  a precept  to  the 
constables  to  return  a competent  number  of  persons  to  serve  as 
ajnry,  which  must  consist  of  twelve  at  the  least.  He  may 
commit,  after  inquisition,  any  person  found  guilty  by  the  jury 
of  murder  or  manslaughter,  and  may  hind  over  the  witnesses 
to  give  evidence.  It  is  also  the  duty  of  the  coroner  to  iuquire 
of  treasure  that  is  found,  who  were  the  tinders,  and  also  who  is 
suspected  thereof.  By  26  George  1 1.  the  coroner  shall  have  20/. 
and  9rL  a mile  for  the  distance  he  shall  travel  to  take  an 
inquisition,  paid  him  out  of  the  county  rates. 

CORPORAL,  an  inferior  officer  in  a company  of  foot,  who 
has  charge  over  one  of  the  divisions,  places  anil  relieves  senti- 
nels, and  keeps  order  in  the  squad  to  which  he  belongs;  he 
also  receives  the  word  from  the  inferior  rounds,  which  pass 
by  his  corps-de-garde.  This  ofliccr  carries  a fusee,  and  is 
22. 


commonly  an  old  soldier : there  are  generally  three  corporals  in 
each  company. 

CORPORATION,  a body  politic  or  incorporate,  so  called 
because  the  persons  or  members  are  joined  into  one  body,  and 
are  quaiilicd  to  take  and  grant,  Ac.  Corporations  are  either 
spiritual  or  temporal : spiritual,  as  bishops,  deans,  archdeacons, 

E arsons,  vicars,  Ac, ; temporal,  as  mayor,  community,  bailiffs, 
urgesses,  Ac.  And  some  corporations  are  of  a mixed  nature, 
composed  of  spiritual  and  temporal  persons,  such  as  heads  of 
colleges  aud  hospitals.  A c.  All  corporations  are  said  to  be 
ecclesiastical  or  lay  : the  former  are  cither  regular,  as  abbeys, 
priories,  chapters,  Ac.  or  secular,  as  bishoprics,  deaneries, 
atehdeaconries,  Ac. ; lay,  as  those  of  cities,  towns,  companies, 
or  communities  of  commerce,  See, 

Corporations  maybe  established  in  three  different  wavs,  viz. 
by  prescription,  letters  patent,  or  act  of  parliament ; but  they 
arc  most  commonly  established  by  patent  or  charter.  The 
corporation  of  London  is  by  prescription  ; but  though  corpora- 
tions may  be  by  prescription,  jet  that  prescription  did  originally 
derive  its  authority  by  a grant  from  the  king.  A corporation 
may  be  dissolved  ; for  it  is  created  upon  a trust,  aud  if  it  be 
broken  it  is  forfeited.  No  person  shall  bear  office  in  any  cor- 
poration but  such  as  have  received  the  sacrament,  taken  oaths, 
Ac.  and  none  are  to  execute  in  a corporation  for  more  than  a 
year.  A corporation  cannot  sue  or  appear  in  person,  but  by 
an  attorney.  Ordinances  made  by  corporations,  to  be  observed 
on  pain  of  imprisonment,  forfeiture  of  goods,  Ac.  arc  contrary 
to  Magna  Charta.  Actions  arising  in  any  corporation  may  bo 
tried  in  the  corporation  courts;  but  if  they  try  actions  not 
within  their  jurisdictions,  and  encroach  upon  the  common  law, 
they  arc  liable  to  be  punished  for  it.  The  corporation  of  the 
city  of  London  is  to  answer  for  all  particular  misdemeanors 
committed  in  any  of  tbc  courts  of  justice  witbiu  the  city,  and 
for  all  oilier  general  misdemeanors  committed  in  the  city. 

COUPS,  in  Military  affairs,  means  a body  of  soldiers.  Corps 
dr  garde,  is  a post  in  an  army  sometimes  under  cover,  or  in  the 
open  air,  to  receive  a number  of  men  who  are  relieved  from 
time  to  time.  The  term  is  also  applied  to  the  men  who  watch 
at  the  post. 

CORPUS  CUM  CAUSA,  in  Law,  a writ  issuing  out  of  the 
Chancery  to  remove  the  body  and  record  into  the  King's  Bench, 
there  to  lie  till  judgment  shall  be  satisfied. 

CORPUSCLE,  in  Physics,  a minute  particle  or  atom,  of 
which  natural  bodies  are  formed. 

CORRELATIVE,  something  opposed  to  another  in  a certain 
relation,  as  father  and  sun,  light  and  darkness,  motion  and  mt 
CORROSION,  the  action  of  gnawing  away  by  degrees  the 
continuity  of  the  parts  of  bodies. 

CORROSIVE  Sublimate,  the  old  name  for  the  chloride  of 
meicury,  called  also  oxymuriate  of  mercury,  aud  muriated 
mercury. 

CO RROSIVES,  in  Surgery,  medicines  (hat  corrode  whatever 
part  of  the  body  they  arc  applied  to,  as  burnt  aluru,  white  pre- 
cipitate of  mercury,  white  vitriol,  red  precipitate  of  mercury, 
and  lapis  infernalis. 

CORRUPTION,  the  destruction  of  the  proper  mode  of 
existence  of  any  natural  body. 

Corruption  «f  Blood,  in  Law,  an  infection  accruing  to  a 
man’s  state,  attainted  of  felony  nod  treason,  and  to  his  issue  ; 
for  as  he  loses  all  to  the  prince,  Ac.  bis  issue  cannot  be  heirs  to 
him,  or  to  any  other  ancestor  by  him ; and  if  he  were  noble,  his 
heirs  are  rendered  ignoble. 

CORSELET,  a little  cuirass,  or.  according  tn  others,  an 
armour  or  coat  made  to  cover  tba  whole  body,  anricntly  worn 
by  tho  pikemen  usually  placed  in  the  front  and  llanks  of  the 
battle,  for  the  better  resisting  the  enemy’s  assaults,  and  guarding 
the  soldiers  placed  behind  them. 

CORTEX,  in  Botany,  the  outer  rind  or  bark  of  trees. 
CORUNDUM,  a mineral,  of  which  there  are  two  species, 
the  perfect  and  the  imperfect.  Perfect  corundum,  or  sapphire, 
is  found  in  the  East  Indies,  particularly  iu  Peru  and  Ceylon; 
and  it  is  most  commonly  crystallized.  The  general  colour  is  blur, 
sometimes  without  colour,  others  red,  purple,  yellow,  and  green. 

CORUS,  a measure  in  Jewish  antiquities,  answering  to  the 
omer,  containing  75  gallons  5 pints  for  liquids,  and  32  pecks 
1 pint  dry  measure. 
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CORUSCATION,  a gleam  of  issuing  from  any  thing:.  I 
It  in  cliiofly  used  for  the  electrical  fluid,  when  it  becomes 
visible,  as  the  flash  of  lightning,  Stc. 

CURVES,  fAe  CVaip,  one  of  the  old  constellations,  lies  south  i 
of  Virgo,  north  of  Hydra,  cast  of  Ctnier,  and  west  of  Hydra 
Conti  nun.  This  constellation  is  said  to  have  its  name  from 
the  crow  into  which  Apollo  metamorphosed  himself  when  he 
escaped  from  the  giant  'I'y  phams.  Castor  and  Apollo  were  the 
same.  Typhous  and  Typhon  are  the  same.  The  Crow  rises 
in  the  rant,  when  the  Twins  couic  to  the  meridian.  Typhon 
was  a type  of  the  lower  hemisphere;  the  Crow  then  was  the 
symbol  of  the  Twins,  having  possession  of  the  meridian. 

Con v t: s,  the  raven  or  crow  kind,  a genus  of  birds  of  the  order  ' 
of  pie*.  There  are  19  species,  the  principal  of  which  are,  I 
1.  The  corax  or  raven.  2.  The  coronc  or  carrion  crow,  very 
much  resembles  the  raven  in  form  and  habits.  3.  The  fragile- 
gus  or  rook,  is  the  con  us  of  Virgil ; no  other  species  of  this  i 
kind  being  gregarious.  4.  The  cornix  or  Royston  crow  in  its 
habits  resembles  the  rook,  feeding  on  insects,  and  flying  in 
great  flocks.  6.  The  dauricus,  or  white-breasted  crow.  & 
The  mnnediila,  or  jackdaw,  weighs  about  nine  ounces.  7.  The 
glandarius,  or  jay,  is  one  of  ihc  most  beautiful  of  British  birds. 

8.  The  caryocatactes,  or  nut-crackcr,  is  less  than  the  jackdaw, 
the  general  colour  of  the  body  is  of  a rusty  brown,  and  the 
wings  are  black,  with  white  spots.  These  birds  seldom  visit 
England,  but  abound  in  Germany.  9.  The  pica,  or  magpie,  in 
its  manners  approaches  near  to  the  crow,  feeding  both  on 
animal  and  vegetable  food.  10.  The  grnculus,  or  rcd-leggcd 
crow,  is  of  a slender  make,  active  and  thriving,  much  taken 
with  glitter,  and  apt  to  catch  up  lighted  sticks,  whereby  it  has 
been  even  known  to  set  houses  on  fire.  It  is  found  in  Corn- 
wall, North  Wales,  and  Scotland.  II.  The  cristatus,  or  blue 
jay,  is  smaller  than  the  common  jay.  This  species  is  peculiar 
to  North  America.  1*2.  The  Canadensis  is  a small  bird,  the 
general  colours  of  whirh  arc  vcllow-white,  blackish-brown,  and 
n pate  ash.  These  birds  inhabit  Canada  and  Hudson’s  Bay, 
where  they  arc  called  whiskijohn  and  whiskijack. 

CORYLUS,  the  Hazel,  a genus  of  tbo  poly  and  ria  order,  in 
the  monreeia  class  of  plants  ; which  in  the  natural  method 
ranks  under  the  60th  order,  amcntacese.  There  are  three  spe- 
cies, all  of  the  shrub  kind,  having  several  varieties,  valuable 
for  their  nuts,  and  their  usefulness  in  copses  and  hedges.  The 
wood  is  useful  for  poles,  hoops,  spars,  handles,  fishing  rods, 
&c.  A kind  of  chocolate  lias  been  prepared  of  the  kernels  of 
the  nuts ; and  the  oil  expressed  from  them  is  used  by  painters 
and  chemists. 

COS,  the  Whrittane.  a genus  of  vitreseent  stones,  of  which 
there  are  several  kinds,  some  consisting  of  rougher,  and  others 
of  smoother  particles ; and  used  not  only  for  whetstones,  hut 
also  for  mill-stones  and  other  purposes. 

COS-TURCIA,  Turkey  Stone,  a species  of  stones  of  the 
garnet  kind,  and  of  the  siliceous  class.  It  is  of  a dull  white, 
and  often  of  an  unequal  colour.  It  strikes  Are  with  steel,  and 
effervesces  with  acids.  It  is  used  as  a whetstone,  and 
those  of  the  finest  grain  arc  the  best  hones  for  catting  touls, 
razors,  lancets,  fltc. 

COSMETIC,  in  Physic,  any  medicine  or  preparation  which 
renders  the  skin  soft  and  white,  or  helps  to  beautify  and  im- 
prove the  complexion,  as  lip-salves,  cold  creams,  ccruss,  See. 

OOSMICAL,  an  astronomical  term  for  one  of  the  poetical 
risings  of  a star;  thus  n star  is  said  to  rise  coxiuically  when  it  | 
rises  with  the  sun. 

COSMOGONY',  the  science  of  the  formation  of  the  uni- 
verse ; or  that  which  discusses  the  particulars  of  the  creation  ' 
of  the  world. 

COSMOGR  APHY",  a description  of  the  several  parts  of  the  ! 
visible  world  ; or  the  art  of  delineating  the  several  bodies,  ! 
according  to  their  magnitudes,  motions,  Ctc.  It  consists  of 
two  parts — geography  and  astronomy. 

COT,  in  Naval  affairs,  a particular  sort  of  bed-frame,  sus- 
pended from  the  beams  of  a ship,  for  the  officers  to  sleep  in. 
It  is  made  of  canvass,  sewed  in  the  form  of  a chest,  about  six 
feet  long,  one  fool  deep,  and  two  or  three  wide,  and  is  extended  , 
by  a square  wooden  frame,  with  a canvass  bottom,  on  which  i 
the  Led  or  mattress  is  laid.  It  is  reckoned  much  more  con-  j 
venient  at  aca  than  either  the  hammocks  or  fixed  cabins. 


COTTON  is  the  produce  of  the  gossypiom.  a plant  about 
the  size  of  a currant  bush,  a native  of  the  torrid  xouc.  though  it 
is  produced  in  parts  of  Turkey,  so  far  as  44  or  45  degrees  from 
the  equator.  The  finest  cotton  is  known  by  the  name  of  cat's- 
claw,  front  its  singular  appearance  when  it  breaks  the  pod. 
This  kind  was  accidentally  "discovered  at  the  island  of  Bour- 
hnn,  and  was  supposed  to  have  been  introduced  among  some 
seed  scut  from  BOUth  America  to  the  Mauritius.  The  suil 
should  he  extremely  well  prepared,  and  of  the  best  quality,  for 
the  reception  of  cotton  seed,  which  is  usually  sown  in  Novem- 
ber or  December,  after  the  periodical  rains  in  tropical  climates, 
and  ripens  in  May  or  June;  when  the  numerous  pods,  which 
are  about  the  size  of  large  gooseberries,  break,  and  display  their 
downy  contents.  These  are  picked,  and  lifter  the  husks  have 
been  disengaged,  the  cottou  is  pul  into  a small  mill,  consisting 
of  two  bright  steel  rollers,  each  about  an  inch  in  diameter,  set 
parallel  w ithin  the  distance  of  about  the  20th  part  of  an  inch. 
These  rollers  move  different  ways,  and  draw  the  cotton  through 
between  them,  while  the  seeds  are  forced  out  of  the  respective 
little  halls  of  down  in  which  they  arc  enclosed,  and  drop  into  a 
bag.  The  generality  of  cotton  is  white;  hut  some  is  of  a nan- 
keen colour,  and  is  invaluable  in  the  manufacture  of  that 
article,  as  it  fades  very  little,  even  with  long  use  and  frequent 
washing.  The  elasticity  of  cotton  is  inconceivable!  It  may  be 
pressed  into  a 50th  part  of  the  space  into  which  ihe  strongest 
packers  can  reduce  it  by  personal  exertion;  large  screws  are 
erected  at  many  sea- ports  where  cotton  is  shipped,  for  the 
purpose  of  bringing  the  bales  into  the  smallest  compass,  so  as 
to  save  freight.  Cotton  can  only  he  imported  ns  a raw  mate- 
rial. in  which  form  it  comes  to  tis  from  the  Levant,  the  West 
Indies,  America,  and  the  East  Indies.  In  the  last  quarter, 
there  are  some  kinds  indigenous,  but  some  are  exotics.  It  is  a 
highly  dangerous  cargo,  bring  very  subject  to  take  fire  if  at  all 
damp  when  packed,  or  if  the  smallest  spark  should  reach  it;  in 
either  case,  it  will  burn  very  slowly  for  weeks;  but  when  the 
hold  is  opened,  and  air  supplied,  bursts  forth  with  inconceiv- 
able fury.  There  is  a species  of  silky  down  produced  in  pods, 
(similar  to  those  of  the  cotton  plant,)  on  a very  large  tree, 
called  the  sccmul.  It  is  only  fit  to  fill  beds.  Specimens  of  it 
have  passed  through  various  hands ; hut  this  kind  of  cotton  is 
so  peculiarly  glossy,  and  the  fibre  so  short,  that  it  could  neither 
be  carded  nor  spun.  When  mixed  with  rabbit's  fur.  Sec.  to 
make  hats,  it  is  r.hvnys  separated.  It  also  failed  in  paper- 
making ; otherwise  its  abundance  and  cheapness  would  have 
rendered  it  highly  important. 

Cotton  Manufacture,  in  Commerce,  is  now  one  of  the  most 
important  branches  of  British  industry.  Cotton  Spinning,  the 
process  of  reducing  cotton  wool  into  yarn  or  thread.  The 
method  formerly  used  for  this  purpose  was  by  ihe  hand,  upon 
n machine  called  a one-thread  wheel.  But  about  1707.  Mr. 
Hargrave,  an  operative  weaver  of  Lancashire,  made  a machine, 
by  which  a great  number  of  thread*  might  be  spun  at  once,  and 
fur  which  he  obtained  a patent*  This  is  called  a jenny,  and 
with  it,  one  person  can  spin  100  hanks  in  a day;  each  hank 
containing  (410  yards. 

Canting  of  Cotton,  a*  a preparation  for  spinning,  used  for- 
merly to  be  performed  by  the  hand,  w ith  a single  pair  of  cards 
oo  the  knee,  but  this  being  a tedious  method,  and  ill  adapted 
to  the  rapid  operations  of  the  spinning  machines,  new  ways 
were  contrived.  The  first  improvement  w as  by  Mr.  Hargrave, 
ami  consisted  in  applying  two  or  three  cards  to  the  same  board, 
and  fixing  them  to  a stool  or  stock ; with  these,  one  woman 
could  perform  three  times  as  much  ns  by  the  common  way. 
But  a more  expeditious  method  is  by  the  cylinder  cards,  to  the 
invention  of  which  several  persons  lay  elniin.  The  next  great 
improvements  in  the  cotton  manufacture  were  from  Mr.  (after- 
ward Sir  Richard)  Arkwright,  of  Cromford,  in  Derbyshire.  He 
obtained  a patent  for  his  new  system  of  spinning  cotton  in  1709, 
and  in  1775  another,  for  engines  to  prepare  the  materials  for 
spinning.  The  validity  of  this  second  patent  was  set  aside  in 
1781.  hut  in  1786  he  obtained  a verdict  that  established  the 
sufficiency  of  bis  patent.  In  the  same  year,  however,  he  was 
cast  in  another  trial,  on  Ihe  ground  of  his  not  being  the  original 
inventor  of  that  simple  and  beautiful  contrivance  the  Tu  ist  or 
Water  Frame.  Arkwright  still  persevered  in  declaring  himself 
the  iuventor,  and  on  the  10th  of  November,  1785,  he  moved,  iu 
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the  court  of  King’s  Bench,  for  a new  trial;  but  bis  rule  was 
refused  ; and  on  the  1 4th  of  November,  1785,  the  court  of 
King's  Bench  gave  judgment  to  cancel  the  letters  patent.  It 
may  bo  proper  to  observe,  that  Sir  R.  Arkwright's  contests  with 
the  rival  manufacturers  of  Lancashire,  related  chiefly  to  the 
operation  of  carding.  The  Annual  Register  for  the  years  1781 
and  1785,  or  the  Gentleman's  Magazine,  probably  contains 
faithful  records  of  all  these  trials,  rules,  and  issues. 

The  result  of  Arkwright's  inventions  is  a combination  of 
machinery,  by  which  cotton  is  carded,  wove,  and  span  with 
the  utmost  exactness.  To  these  improvements,  the  country  is 
indebted  for  the  great  extent  of  its  cotton  manufactures ; large 
works  having  been  erected  in  England  and  Scotland,  many 
containing  several  thousand  spindles,  driven  by  large  water- 
wheels,  some  of  such  extent  as  to  spin  at  the  rate  of  1000  yards 
of  twist  in  a minute.  Another  machine  has  been  invented, 
culled  a mule,  because  it  is  a kind  between  Mr.  Hargrave’s  and 
Mr.  Arkwright's.  This  also  promises  to  be  of  great  use  in 
spinning  cotton  yarn  for  muslins  to  a degree  of  fineness  equal 
to  those  of  India.  See  Mill. 

The  operations  which  cotton  undergoes  in  its  passage  from 
the  raw  material  to  the  state  of  thread,  are  various  and  multi- 
plied in  proportion  to  the  fineness  required,  and  the  different 
uses  to  which  it  is  destined.  If  we  analyse  these  operations, 
they  resolve  themselves  into  the  following:  Batting,  carding, 
doubling,  drawing,  and  twisting.  The  three  latter  are  never 
performed  singly,  but  are  variously  joined  in  the  same  machine  ; 
and  the  same  elementary  processes  are  oftentimes  repeated  in 
different  machines,  with  various  and  different  effects.  With 
reference  to  these  effects,  the  operations  which  cotton  under- 
goes. may  be  denominated  batting,  carding,  drawing,  and 
doubling,  roving,  and  spinning. 

Batting,  is  that  operation  which  prepares  the  cotton  for  card- 
ing, by  opening  and  disengaging  the  hard  compressed  masses 
in  which  it  conies  from  the  bales.  It  is  performed  by  beating 
the  cotton  with  sticks  on  u square  frame,  across  which  are 
stretched  small  cords,  about  the  thickness  of  a goose  quill,  with 
intervals  sufficient  to  suffer  the  seed,  leaves,  and  other  adven- 
titious matter,  to  fall  through.  When  a hard  matted  or  com- 
pressed mass  of  cotton  is  smartly  struck  with  a stick,  the 
natural  elasticity  and  resiliency  of  its  fibres,  gradually  loosen 
and  disengage  them,  and  the  cotton  recovers  by  repeated 
strokes  all  its  original  volume.  During  this  operation  the 
seeds.  See.  which  adhere,  arc  carefully  picked  out  by  the  hand, 
and  the  cotton  rendered  as  clean  as  possible.  Batting  is  gene- 
rally and  best  performed  by  hand,  though  the  scarcity  of 
hands  and  cost  of  labuur  have  rendered  other  contrivances 
necessary. 

Carding,  is  that  operation  in  which  the  first  rudiments  of  the 
thread  arc  formed.  It  is  performed,  as  we  have  before  stated, 
by  cylinders  covered  with  wire  cards,  revolving  with  consider- 
able swiftness  in  opposite  directions,  nearly  in  contact  with 
each  other,  or  under  a kind  of  dome  or  covering,  the  under 
surface  of  which  is  covered  with  similar  cards,  whose  teeth  arc 
inclined  in  a direction  opposite  to  those  of  the  cylinder.  By 
this  means  the  separation  of  almost  every  individual  fibre  is 
effected,  every  little  knotty  or  entangled  part  disengaged,  and 
the  cotton  spread  lightly  and  evenly  over  the  whole  surface  of 
the.  last  or  finishing  cylinder,  from  which  it  is  stripped  by  the 
contrivance  wc  have  already  described. 

For  jenney  spinning,  which  is  stifl  in  use  for  the  coarser 
kinds  of  thread,  the  cardings  are  stripped  off  in  separate 
lengths.  The  finishing  cylinder  is  covered  with  the  ordinary 
cards  nailed  on  in  stripes  across,  and  the  cotton  contained 
between  the  margins  or  intervals  of  each  stripe,  forms  one 
carding,  whose  length  of  courso  depends  on  the  width  of  the 
engine,  or  cylinder.  When  stripped  off  by  the  crank  and  comb, 
it  forms  a loose  and  shapeless  film,  which  falling  on  the  sur- 
face of  a plain  wooden  cylinder,  the  lower  half  of  which  revolves 
within  a hollow  sholl  or  casing,  the  cotton  in  its  passage  is 
rolled  up  and  delivered  Bt  the  other  side  in  perfeot  and  cylin- 
drical cardings. 

For  mule  or  w ater  spinning,  tbc  finishing  cylinder  is  covered 
with  spiral  or  fillet  cards,  and  the  cotton  being  taken  off  in  one 
continued  fleece,  and  contracted  by  passing  through  the  funnel 
and  rollers,  forms  one  endless  and  perpetual  carding,  which  is 


interrupted  only,  or  broken,  when  the  tin  can  that  receives  it  is 
completely  filled. 

In  the  jenney  carding,  the  fibres  of  the  cotton  are  disposed 
across  or  at  right  angles  to  the  axis  of  the  carding : in  the  per- 
petual carding  they  arc  disposed  longitudinally,  or  in  the  diiec- 
tion  of  its  length,  and  it  is  this  circumstance  which  renders  the 
carding  destined  for  mule  or  w ater  spinning,  inapplicable  to 
the  jenney,  and  vice  versd. 

Drairing,  and  Doubling,  is  one  of  the  preparatory  processes 
for  which  we  are  indebted  wholly  to  Sir  Richard  Arkwright, 
and  belongs  exclusively  to  the  mule,  or  water  spinning.  The 
doubling,  or  passing  three  or  four  cardings  at  once  through  a 
system  of  rollers,  by  which  they  arc  made  to  coalesce,  is  in- 
tended to  correct  any  inequalities  in  the  thickness  of  the  card- 
ings, and  also  to  admit  or  their  being  frequently  drawn  out  or 
extended  by  passing  through  the  rollers.  The  effect  of  this 
frequent  drawing  is  to  dispose  the  fibres  of  the  cotton  longi- 
tudinally, and  in  the  most  perfect  state  of  parallelism.  The 
operation  of  carding  effects  this  in  a certain  degree ; yet  the 
fibres,  though  parallel,  are  not  straight  but  doubled,  as  may 
easily  be  supposed  from  the  teeth  of  the  cards  catching  the 
fibres  sometimes  in  the  middle,  which  become  booked  or 
fastened  upon  them.  Their  disposition  is  also  farther  disturbed 
by  the  taker-off  or  comb,  which  strips  them  from  the  finishing 
cylinder ; and  though  the  general  arrangement  of  the  fibres  of 
a carding  is  longitudinal,  yet  they  arc  doubled,  bcut,  and  inter- 
laced in  such  a way,  as  to  render  the  operation  w e arc  now 
speaking  of  absolutely  necessary.  When  the  cardings  have 
been  passed  four  or  five  times  through  the  drawing  frame, 
every  fibre  is  stretched  out  at  full  length,  and  disposed  in  the 
most  even  and  regular  direction ; and  though  the  average 
length  of  a fibre  of  cotton  is  not  two  inches,  yet  the  finished 
drawing,  as  theso  prepared  cardings  are  now  termed,  has  all 
the  appearance  of  a lock  of  Jersey  wool,  whose  fibres,  six  or 
eight  times  as  long  as  those  of  cotton,  have  been  carefully  and 
smoothly  combed. 

Roving,  is  that  operation  by  w hich  the  prepared  cotton,  as  it 
comes  from  the  carding  engine,  or  drawing  frame,  is  twisted 
into  a loose  and  thick  thread,  and  wound  upon  a spindle  or 
bobbin. 

In  jenney  spinning,  the  cardings  are  roved  without  any  other 
preparation,  by  a machine  called  a roving  billy  ; for  a descrip- 
tion of  which,  with  other  particulars  relative  to  jenney  spin- 
ning, see  JekNEY. 

In  mule  or  twist  spinning,  the  prepared  carding  or  drawing, 
as  it  is  termed,  is  again  passed  through  a system  of  rollers,  and 
is  twisted,  either  by  a rapidly  revolving  can,  into  which  it  is 
delivered  from  the  rollers,  or  by  a fly  and  spindle  similar  to 
those  of  the  flax  wheel ; in  the  latter  ease  it  is  wound  on  the 
bobbin  by  the  machine;  in  the  former,  it  is  received  in  the 
conical  can  in  which  it  acquires  the  twist,  and  is  afterwards 
wound  upon  bobbins  by  the  smaller  children  of  the  mill. 

Sir  Richard  Arkwright  always  employed  the  revolving  can, 
and  it  is  still  employed  in  many  of  the  first  mills  in  the  country. 
Tbc  roving  frame  with  fly  and  spindle,  which  is  in  fact  nothing 
more  than  the  twist  frame  of  Sir  Richard,  is  now  however  vory 
generally  in  use,  especially  since  later  improvements  have 
removed  objections  to  the  machine,  which  rendered  its  KM 
heretofore  inconvenient.  See  Frame. 

The  operations  through  which  the  thread  passes  after  it  has 
received  the  first  twist  are  various,  and  depend  greatly  on  the 
use  it  is  intended  for.  The  finer  it  is  required,  the  oftener  it  is 
drawn  out  and  twisted,  till  by  degrees,  as  in  the  process  of 
wire-drawing,  it  is  brought  down  to  the  fineness  required.  The 
rovings  are  therefore  distinguished  into  first,  second,  and  (bird, 
according  to  the  number  of  operations  they  have  gone  throngh. 

Spinning,  is  the  last  operation  which  the  thread  undergoes  in 
the  scries  of  processes  employed  in  converting  it  into  thread, 
and  is  that  in  which  it  receives  the  final  extension  and  twist- 
ing. It  is  performed  either  on  the  jenney,  twist  frame,  or  mule. 

The  thread  is  of  two  kinds,  vis.  twist,  so  called  from  its  being 
harder  twisted  than  the  other,  forming  a stouter  thread,  and 
used  for  the  wch  or  warp  of  piece  goods  ; and  weft,  which  is  a 
looser,  softer  thread,  and  used  for  the  woof.  The  weft  ia 
delivered  to  the  weaver  in  small  oblong  rolls  called  cops,  in 
the  state  they  are  stripped  off  the  spindles  of  the  mule  or 
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jcnniy.  When  these  are  used,  a small  pointed  piece  of  wcod 
or  skewer  is  carefully  passed  through  the  axis  of  the  cop  into 
the  place  formerly  occupied  by  the  spindle,  and  one  end  of  it 
being  held  between  the  teeth,  the  thread  ia  wound  oif  the  cop 
npon  the  weaver’s  bobbin  by  awheel  somewhat  smaller  in  size, 
but  the  same  in  principle  as  the  common  one-thread  wheel,  on 
which  nil  the  spinning  was  formerly  performed.  This  is  gene- 
rally done  by  children,  and  the  bobbins  are  then  ready  for  the 
shuttle.  Twist  undergoes  several  operations  before  it  is  ready 
for  the  loom.  It  ia  delivered  by  the  spinner  cither  in  bank  or 
cop. 

Hank  twist  is  that  which  is  spun  on  the  water  frame,  from 
the  bobbins  of  which  it  is  reeled  into  hanks  of  a determinate 
length,  each  measuring  810  yards.  The  value  and  Oneness  of 
the  thread  are  proportionate  to  the  number  of  hanks  in  a pound, 
and  (hey  are  denominated  by  numbers,  as  Nos.  20,50, 100,  &e. 
which  express  the  hanks  which  a pound  of  twist  contains.  In 
this  state  it  is  generally  sized,  an  operation  which  is  iutended 
to  give  additional  strength  and  tenacity  to  the  thread,  and 
enable  it  to  support  the  different  operations  in  its  passage  to 
the  loom.  It  consists  in  impregnating  the  thread  fully  with 
thin  size,  chiefly  formed  of  wheat  flour  boiled  in  water,  with  the 
addition  of  a little  glue.  The  twist  is  carefully  worked  in  this, 
and  afterwards  wrung  and  dried.  The  thread  acquires  con- 
siderable strength  hy  Ibis  operation,  and  the  loose  fibres  are 
nil  firmly  attached  or  glued  to  its  surface.  It  is  then  delivered 
to  the  winder. 

Winding,  is  that  operation  by  which  the  thread  is  transferred 
to  the  warping  bobbin,  either  from  the  cop,  hank,  or  twist 
frame  bobbin. 

Formerly  this  was  chiefly  done  by  females,  and  the  work  was 
carried  home  and  performed  by  any  of  the  family  not  engaged 
in  domestic  concerns,  on  a small  wheel  that  turned  two  bobbins 
at  a time.  This  mode  is  still  in  use,  but  the  work  has  been 
greatly  abridged  and  facilitated  by  the  use  of  machines  of 
various  constructions. 

Cop  twist  is  that  which  is  spun  on  the  mule  or  jenney.  It  is 
reeled  only  occasionally,  to  ascertain  its  value  and  Oneness, 
and  is  delivered  in  cops  to  the  winder. 

The  next  operation  is  that  of  t carping,  or  the  formation  of 
the  web.  Tbc  machine  on  which  this  is  performed  is  an  octa- 
gonal prism  fire  or  six  feet  high,  and  somewhat  less  in  diame- 
ter, revolving  vertically,  and  put  in  motion  by  a band  and 
pulley  placed  under  the  seat  of  the  warper.  The  bobbins 
which  furnish  the  thread  are  sns  ended  horizontally  in  a frame 
on  one  side.  Twenty-eight  or  thirty  threads,  forming  together 
a system  called  a half  beer,  are  wound  round  the  prism  in  a 
spiral  form  from  top  to  bottom.  The  machine  is  then  turned 
the  contrary  way,  and  the  thread  wound  round  the  prism  up- 
wards from  bottom  to  top,  and  this  is  repeated  backwards  and 
forwards  till  a sufficient  number  of  halj  beers  have  been  wound 
to  form  a web  of  the  breadth  required.  When  finished,  and 
the  ends  properly  secured,  the  whole  is  wound  oif  and  roiled 
upon  the  band  into  a round  ball  called  the  umrp.  If  the  thread 
has  been  previously  sized  in  the  hank,  it  is  now  ready  for  the 
loom,  but  if  the  warp  is  made  of  cop  twist,  that  operation  is 
next  performed. 

The  warps  arc  boiled  several  hours  in  water  till  they  arc 
thoroughly  penetrated  and  softened  ; after  draining  some  time 
they  are  then  nnooiled  and  worked  in  the  size  till  fully  impreg- 
nated, after  which  the  superfluous  size  is  squeezed  out,  and 
they  arc  suspended  on  poles  to  dry  : the  warp  is  then  ready 
for  the  loom. 

Without  this  operation  of  sizing,  which,  as  we  have  before 
observed,  gives  strength  and  tenacity  to  the  thread,  it  would 
not  support  the  friction  of  the  loom.  Two  threads  are  passed 
between  each  dent  of  the  reed,  and  at  each  stroke,  of  the 
treadle  one  ascends  whilst  the  other  descends.  There  ia  there- 
fore a constant  friction  of  the  threads  upon  each  other,  as  well 
as  against  the  teeth  of  the  reed.  The  motion  of  the  reed  itself 
also  backwards  and  forwards,  and  of  the  hcaids  np  and  down, 
is  very  severe  npon  the  warp,  anil  nnlrss  it  has  been  well 
penetrated  by  the  size,  and  its  fibres  well  cemented  or  gloed 
together.  Ibis  continual  rubbing  is  sufficient  to  destroy  its 
texture. 

Good  sizing  prevents  this,  but  it  is  still  further  aided  by 


another  operation  called  dressing,  which  is  pci  formed  by  the 
weaver  himself,  after  the  warp  is  got  into  the  loom.  This  con- 
sists first,  in  applying  with  a brush  a kind  of  paste  made  of 
wheat  flour  well  boiled,  to  which  is  often  added  a small  portion 
of  common  salt ; sometimes  of  potash,  and  sometimes  even  a 
little  tallow.  It  is  in  fact  a repetition  of  the  operation  of  siz- 
ing, with  this  difference,  that  the  dressing  is  applied  chiefly  to 
the  surface  of  the  thread,  which  is  slightly  smeared  uith  the 
paste,  and  brushed  uniformly  in  one  direction  from  the  hcaids 
to  the  beam,  by  which  means  the  loose  fibres  are  all  disposed 
evenly  one  way,  and  firmly  glued  fast  to  the  (bread. 

In  summer  the  warp  ia  dried  simply  by  fanuing  it,  but  in 
winter,  and  in  damp  cold  weather,  a hot  iron  is  lightly  passed 
over  it.  It  is  then  dressed  again  with  a brush  dipped  in 
tallow  or  bntler,  with  which  it  is  slightly  greased.  This  gives 
suppleness  and  smoothness  to  the  thread,  and  greatly  dimin- 
ishes tbe  friction  of  the  bealds  and  reed.  As  such  a portion  of 
tbc  warp  as  is  extended  between  the  bealds  and  beam  can 
alone  be  dressed  at  one  time,  this  is  woven,  and  the  dressing 
repeated  again  upon  another  portion,  and  so  on.  alternately 
dressing  and  weaving  till  the  whole  of  tho  web  is  finished. 

Various  improvements  on  these  different  processes  have 
taken  place  of  late  years,  which  have  made  greater  or 
less  progress  in  proportion  to  their  utility  and  importance. 
We  shall  enumerate,  therefore,  not  only  those  of  recent  date, 
but  such  as,  though  known  some  time,  have  not  been  generally 
adopted. 

The  weaver's  bobbin  is  still  wound  by  hand  in  the  manner 
already  described,  though  the  use  of  a smalt  machine,  hy 
which  twenty  bobbins  or  upwards  are  wound  at  once,  is  daily 
gaining  ground.  They  are  to  be  seen  now  in  almost  every 
weaver’s  cottage  where  several  looms  are  employed.  This 
labour  is  further  abridged  by  a very  ingenious  contrivance,  for 
which  a patent  has  been  obtained.  The  cops,  instead  of  being 
wound,  are  compressed  or  squeezed  till  they  arc  small  enough 
to  enter  the  shuttle.  The  winding  here  is  done  away,  and  the 
oops  (has  compressed  are  preferred  by  the  weavers  to  the  com- 
mon bobbin.  In  those  large  establishments  where  the  different 
processes,  such  as  spinning  ami  weaving,  are  carried  on  toge- 
ther, the  cops  arc  spun  small  enough  to  enter  the  shuttle  with- 
out compression.  Tbe  weft  is  transferred  at  once  from  the 
spindle  of  the  mule  to  tbe  weaver's  shuttle,  and  tbe  time  and 
waste  of  wiudiug.  and  even  of  compressing,  saved  entirely. 

On  the  same  principle  also,  a considerable  reduction  has 
been  made  in  the  labour  of  reeling  and  winding  twist.  Till 
within  a late  period,  the  practice  has  uniformly  been  to  reel  it 
into  hanks  from  tbe  bobbin  it  was  spun  on.  to  size  it  in  the 
hank,  and  then  wind  it  for  warping.  An  obvious  reduction  of 
this  labour  is  to  warp  it  directly  from  the  bobbin  It  is  spun  on, 
and  size  it  in  the  warp  like  cop  twist.  For  reasons,  however, 
which  it  will  not  be  necessary  here  to  enter  into,  this  has  heen 
found  impracticable.  It  is,  however,  transferred  to  the  warp- 
ing bobbin,  without  the  intermediate  labour  and  waste  of 
reeling,  and  tho  sizing  is  done  in  the  warp.  Considerable  im- 
provements in  the  mode  of  sizing  have  been  made  within  these 
few  years,  especially  in  the  sizing  of  warps. 

Formerly,  the  practice  was  to  work  the  warp  in  the  warm 
size  hy  the  hand,  the  heat  of  which  was  of  course  limited  to 
that  degree  which  could  be  readily  borne  by  tbc  workman. 
Experience  having  proved,  that  tbe  hotter  the  size,  the  more 
evenly  and  perfectly  was  the  warp  penetrated,  various  con- 
trivances were  adopted  for  applying  it  at  a high  temperature. 
Amongst  others,  are  oblong  troughs  furnished  with  several 
pairs  of  rollers,  through  which  the  warp  passes,  and  is  strongly 
compressed  whilst  immersed  in  the  hot  size.  Mr.  Marsland’s 
idea  of  placing  the  twist  in  an  exhausted  receiver,  and  admit- 
ting tbe  hot  size,  promises  considerable  advantages  in  some 
eases,  and  when  tbc  plan  has  been  matured,  will  no  doubt  be 
susceptible  of  many  applications. 

But  tbe  greatest  improvement  that  has  been  made  in  these- 
different  processes,  and  one  that  must  eventually  effect  a com- 
plete revolution  in  the  whole  system,  is  Messrs.  Ratcliffe  nnd 
Ross’s  mode  of  dressing.  Hitherto  this  operation  has  been 
performed  by  the  weaver  in  the  manner  we  have  already  de- 
scribed, at  tbe  expense  of  one-lbird  of  his  time  and  labour.  As 
it  ia  only  possible  fur  him  to  dress  at  once  as  much  of  the  work 
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as  !s  contained  between  the  healds  and  beam,  he  is  scarcely 
got  settled  to  his  work,  after  each  operation,  before  he  ia  again 
called  off  to  dress  another  portion.  By  this  continual  inter- 
ruption of  one  species  of  labour  by  another  totally  different,  it 
must  be  obvious  to  every  one,  that  not  only  much  time  is  lost, 
but  that  the  labour  itself  cannot  be  equally  well  performed. 

There  is  a delicacy  and  certainty  of  touch  in  weaving,  de- 
pendent on  long  habit  and  experience,  and  on  which  the  even- 
ness and  goodness  of  the  cloth  depends.  If  the  force  with 
which  the  woof  or  weft  is  driven  up  by  the  reed,  be  not  always 
alike,  if  it  is  greater  at  one  time  and  less  at  another,  the  cloth 
will  be  thicker  and  thinner  at  those  places,  and  such  is  the 
nicety  on  which  this  depends,  that  the  most  experienced 
weaver,  after  an  interruption  of  some  hours,  cannot  at  once 
regain  ft 

Messrs.  Ratcliffc  and  Ross  dress  the  whole  of  the  warp 
before  it  is  wound  upon  the  beam,  the  labour  of  the  weaver  is 
therefore  uninterrupted,  and  bis  attention  directed  solely  to 
one  object.  This  alone  is  a great  point  gained,  but  it  is 
attended  also  by  other,  not  less  important,  advantages.  Great 
part  of  the  intellectual  skill  required  in  weaving  is  in  the  dress- 
ing and  beaming  of  the  warp ; the  mere  mechanical  part  of 
throwiog  the  shuttle,  8cc.  is  soon  acquired,  even  by  a hoy.  A 
more  accurate  division  of  labour,  by  reducing  the  beaming  and 
dressing  to  a system  by  which  they  arc  better,  more  economi- 
cally, and  more  expeditiously  performed  than  before,  has 
removed  the  great  difficulty  in  the  art  of  weaving,  and  rendered 
it  in  a great  measure  the  employment  of  children. 

From  what  we  have  already  said,  it  will  appear  that  the 
object  in  dressing  and  siting  is  nearly  the  same,  and  Messrs. 
Ratcliffe  and  Ross,  by  this  improved  mode  of  dressing,  have 
succeeded  in  reducing  these  operations  to  one.  They  have 
gone  still  further;  they  have  doue  away  the  necessity  of  warp- 
ing, by  forming  the  web  at  once  from  the  bobbin,  and  thus 
reduced  the  warping,  sizing,  dressing,  and  beaming,  to  one 
operation.  A thousand  bobbins  and  upwards  supply  the  mate- 
rials for  the  warp,  which  in  its  progress  is  properly  disposed 
and  arranged,  sized,  dressed,  and  finally  wound  upon  the 
beam.  This  improvement,  which  may  justly  be  regarded  as 
the  most  important  that  has  taken  place  in  weaving,  since  the 
invention  of  the  fly  shuttle  fifty  years  ago,  must  io  the  end 
effect  a complete  change  in  the  system  of  labour.  Great  how- 
ever as  its  advantages  are,  some  lime  must  necessarily  elapse 
before  it  can  be  accommodated  to  general  use.  In  large  esta- 
blishments, where  the  different  processes  of  the  manufacture 
arc  carried  on  together,  such  as  spinning,  weaving,  and  the 
labour  immediately  connected  with  them,  it  has  been  adopted 
with  the  happiest  success,  but  the  weaving  in  this  country  is 
chiefly  done  in  the  cottages  of  the  poor,  and  to  their  use  the 
costly  and  bulky  apparatus  of  Messrs.  Ratcliffe  and  Ross  is 
not  adapted. 

To  derive  all  the  advantages  possible  from  this  improve- 
ment, therefore,  it  will  l»e  necessary  cither  that  the  weaving  be 
done  in  large  shops,  1o  each  of  which  a dressing  machine  may 
be  attached,  or  that  the  warps  he  delivered  to  the  country 
weavers  ready  dressed  and  wound  upon  the  beam.  The 
former  plan  is  daily  gaining  ground,  and  perhaps  it  is  not 
difficult  to  foresee,  that  at  no  very  distant  period  all  the  weav- 
ing of  the  country  will  share  the  fate  of  the  spinning,  and  quit 
the  cottage  for  those  larger  establishments  in  which  it  will  be 
susceptible  of  better  management,  and  more  accurate  division 
of  labour. 

The  last  improvement,  which  wc  shall  notice  in  the  manufac- 
ture of  cotton,  and  which,  when  once  established,  wilt  com- 

lete  what  Arkwright  has  so  happily  begun,  is  that  of  weaving 

y machinery.  Various  attempts  have  been  made  of  late  years 
to  apply  the  great  moving  powers,  steam  and  water,  to  the 
common  loom.  Set  Loom. 

COUCH,  or  Coat,  in  Painting,  a term  for  each  lay  or  colour, 
either  in  oil  or  water,  with  which  the  artist  covers  his  cauvass, 
wall,  wainscot,  or  other  matter,  to  he  painted. 

COUCHING,  in  Surgery,  the  operation  of  removing  a cata- 
ract, which  is  done  by  a peculiar  needle,  called  the  couching 
needle. 

COULTER,  in  Husbandry,  an  iron  instrument  fixed  in  the 
beam  of  a plough,  and  serving  to  cut  the  edge  of  each  fun-ow. 


COUNCIL.  In  this  country,  the  law,  in  order  to  assist  the 
king  in  the  discharge  of  his  duties,  the  maintenance  of  his 
dignity,  sad  the  exertion  of  his  prerogative,  hath  assigned  him 
a diversity  of  counsellors  with  whom  he  may  advise. 

1.  The  first  of  these  is  the  high  court  of  parliament. 

2.  The  peers  of  the  realm  are,  by  their  birth,  hereditary 
counsellors  of  the  crown. 

3.  A third  council  belonging  to  the  king,  are,  according  to 
Sir  Edward  Coke,  his  judges  of  the  courts  of  law,  for  law  mat- 
ters. And  this  appears  frequently  in  the  English  statutes, 
particularly  14  Edward  III.  c.  5,  and  in  other  books  of  law. 
So  that  when  the  king's  council  is  mentioned  generally,  it  must 
be  defined,  particularized,  and  understood,  according  to  the 
subject  matter ; and  if  the  suhjeot  be  of  a legal  nature,  then  by 
the  king's  council  is  understood  his  council  formatters  of  law; 
namely,  his  judges. 

4.  Hut  the  principal  council  belonging  to  the  king  is  his  privy 
council,  which  is  generally,  by  way  of  eminence,  called  The 
Council,  composed  of  eminent  persons,  the  number  of  whom  is 
at  the  sovereign's  pleasure,  who  arc  bound,  by  oath,  to  advise 
the  king,  to  the  best  of  their  judgment,  w ith  all  the  fidelity  and 
secrecy  that  becomes  their  station.  The  king  may  declare  to, 
or  conceal  from,  his  privy  council  whatever  he  thinks  fit,  and 
has  a select  council  out  of  their  number,  commonly  called  the 
cabinet  council,  with  whom  his  majesty  determines  such  mat- 
ters as  are  most  important,  and  require  the  utmost  secrecy. 
All  proclamations  from  the  king  and  the  privy  council  ought  to 
be  grounded  on  law,  otherwise  they  arc  not  binding  to  the  sub- 
ject. Privy  counsellors,  though  but  gentlemen,  have  precedence 
of  all  the  knights  and  younger  sons  of  barons  and  viscounts, 
and  are  styled  right  honourable. 

Council,  Common,  in  the  city  of  London,  a court  in  which 
are  made  all  by-laws  which  bind  the  citizens.  It  consists, 
like  the  parliament,  of  two  houses,  an  upper,  composed  of  the 
lord  mayor  and  aldermen  ; and  a lower,  composed  of  u number 
of  common  councilmcn  chosen  by  the  several  wards,  as  repre- 
sentatives of  the  tody  of  the  citizens. 

COUNSELLOR  at  Law,  a person  retained  by  a client  to 
plead  his  cause  in  a court  of  judicature.  There  are  two  degrees 
of  counsel,  tnr.  barristers  and  serjeants.  Barristers  are  calledi 
to  the  bar  fler  a certain  period  of  standing  in  the  inns  of  court. 
After  1(3  years'  standing,  they  may  be  called  to  the  degreo  of 
Serjeant.  The  judges  of  the  rourts  of  Westminster  Hull  are 
always  admitted  serjeants  before  they  are  advanced  to  the 
bench.  From  both  serjeants  and  barristers  the  king's  counsel 
are  usually  selected,  the  two  principal  of  whom  are  the  attorney 
and  solicitor-general.  Counsel  are  supposed  to  plead  gratis, 
and  can  maintain  no  action  for  their  fees ; and  to  encourage  io 
them  a freedom  of  speech  in  the  lawful  defence  of  their  clients, 
a counsellor  is  not  answerable  for  any  matter  by  him  spoken, 
though  it  should  prove  groundless,  and  reflect  on  the  reputation 
of  another,  provided  it  relates  to  the  cause  which  he  espouses, 
and  is  suggested  in  his  client’s  instructions.  And  notwith- 
standing counsellors  have  a special  privilege  to  practise  the 
law,  yet  they  are  punishable  for  misbehaviour  by  attachment. 
No  counsel  is  allowed  to  a prisoner  upon  a general  issue  of 
indictment  of  felony,  unless  some  point  of  law  arise ; for  the 
court  is  the  prisoner’s  only  counsel. 

COUNT,  originally,  a nobleman  who  possessed  a domain 
erected  into  a county.  The  dignity  is  a medium  between  that 
of  a duke  and  a baron.  It  is  now  merely  a title  of  honour. 

Count,  in  Law,  is  the  original  declaration  of  complaint  in  a 
real  action,  as  a declaration  is  in  a personal  one. 

COUNTER  APPROACHES,  in  Fortification,  tines  and 
trenches  made  by  the  besieged  to  attack  the  works  of  tbo 
besirgers,  or  to  hinder  their  progress.  The  line  of  counter 
approach  is  a trench  made  by  the  besieged  from  their  covered 
way  to  the  right  and  left  of  the  attacks,  in  order  to  scour  the 
enemy’s  works. 

COUNTER  BATTERY,  is  one  raised  to  play  upon  another 
to  dismount  its  guns, 

COUNTER-GUARD,  in  Fortification,  a work  raised  before 
the  point  of  a bastion. 

COUNTERMARCH,  a change  of  the  faoe  or  wings  of  a bat- 
talion. whereby  those  that  were  in  the  front  t vue  iu  the  rear. 
Also  the  returning  or  marching  back  again. 
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COUNTERMINE,  in  War,  a well  nnd  gallery  driven  and 
•unk  till  it  meet*  the  enemy's  mine,  to  prevent  its  effects. 

COUNTERPART,  in  Music,  denote*  that  one  part  is  to  be 
applied  to  another.  Thus  the  bass  is  said  to  be  the  counter-, 
part  to  the  treble.  In  Law,  it  is  the  duplicate  or  copy  of  an 
indenture  or  deed. 

COUNTERPOINT,  in  Music,  the  combining  and  modulating 
consonant  sound*. 

COUNTERPOISE,  any  weight  which,  placed  in  opposition 
to  another  weight,  produces  an  equilibrium,  but  it  is  more 
commonly  used  to  denote  the  weight  used  id  the  Roman 
balance  or  steelyard. 

COUNTERSCARP,  in  Fortification,  the  exterior  slope  of 
the  ditch,  though  it  is  often  taken  for  the  covered  way  and 
glacis.  Angle  of  the  Counterscarp , is  that  made  by  its  two  sides 
meeting  before  the  middle  of  the  curtain. 

COUNTERTENOR,  in  Music,  high  tenor;  a term  applied 
to  the  highest  nal  urn  I male  voice. 

COUNT-WHEEL,  in  the  striking  part  of  a clock,  is  that 
which  moves  round  once  in  1*2  or  24  hours. 

COUP  DE-MAIN,  in  Military  affairs,  implies  a desperate 
resolution  in  small  expeditions  of  surprise;  or  the  attacking 
a plane  sword  in  hand. 

COU  PURE,  in  Fortification,  passages  sometimes  cut  through 
the  glacis,  of  about  twelve  or  fifteen  fret  broad,  in  there-enter- 
ing angle  of  the  covert  way,  to  facilitate  the  sallies  of  the 
besieged. 

COURSE,  in  Navigation,  the  point  of  the  compass,  or  hori- 
zon, which  the  ship  steers  on,  or  the  angle  which  the  rhumb  line 
on  which  it  sails  makes  with  the  meridian ; and  is  sometimes 
reckoned  in  degrees,  and  sometimes  in  points  and  quarter 
point*  of  the  compass. 

COURSING,  among  sportsmen,  is  of  three  sorts,  viz.  at  the 
deer,  at  the  hare,  and  at  the  fox.  These  coursings  are  with 
greyhounds  ; for  tbc  deer  there  arc  two  sorts  of  coursings,  the 
one  with  tbc  paddock,  the  other  cither  in  the  forest  or  purlieu. 

COU  RT,  a place  fur  the  administration  of  justice.  The  most 
general  division  of  our  courts  is  into  those  of  record,  and  those 
which  arc  not ; those  of  record  are  divided  into  supreme  and 
superior  or  inferior.  The  supreme  court  of  (his  kingdom  is 
the  high  court  of  parliament,  which  has  an  absolute  power  to 
make  new  laws,  and  to  repeal  and  alter  old  ones.  Superior 
courts  of  record  are  the  House  of  Lords,  the  Chancery,  King’s 
Dench.  Common  Pleas,  and  Exchequer  ; the  less  principal  are 
those  held  by  commission  of  gaol  delivery,  oyer  and  terminer, 
assize,  nisi  prius,  &o.  Tho  inferior  courts  of  record  arc  cor- 
poration courts,  courts  leet,  the  sheriff's  torn,  &c.  Courts  not 
of  record  are  the  courts  baron,  county  courts,  hundred  courts, 
fee. ; also  the  admiralty  and  ecclesiastical  courts,  which  derive 
their  authority  from  the  crown,  and  are  subject  to  the  control  of 
the  king’s  temporal  courts,  if  they  exceed  their  jurisdiction. 

COURT  BARON,  a court  held  by  every  lord  of  a manor 
within  the  same  ; and  if  the  number  ot  suitors  should  so  fail  as 
not  to  leave  enough  to  make  a jury  or  homage,  that  is,  two 
tenants  at  least,  the  manor  is  lost.  This  court  mny  inquire  of 
the  death  of  tenants,  of  nuisances,  waste,  trespass,  forfeitures, 
itc.  and  the  punishment  is  by  amercement. 

COURT  OF  CONSCIENCE,  in  the  cities  of  London,  West- 
minster, and  some  other  places,  determines  matters  in  all  cases, 
where  tbc  debt  or  damage  is  under  forty  shillings.  In  some 
places  these  courts  have  power  to  decide  on  larger  sum*. 

COVENANT,  in  Law,  the  agreement  or  consent  of  two  or 
more.  I»y  deed  in  writing,  scaled  and  delivered  : whereby  either, 
or  one  of  the  parties,  promises  to  the  other,  that  something  is 
done  already,  or  shall  be  performed  afterwards. 

COVERT- WAY,  or  Corridor,  in  Fortification,  a space  of 
ground,  level  with  the  field,  on  the  edge  of  the  ditch,  three  or 
four  fathoms  broad,  ranging  round  the  half-moons,  and  other 
work*  toward  the  country. 

COVERTURE,  in  Law,  a term  applied  to  a married  woman 
who  is  under  the  power  of  her  husband,  and  therefore  incapable 
of  making  bargains  to  the  injury  of  herself  or  her  husband. 

COVIN,  in  Law,  a deceitful  assent  or  agreement  between 
two  or  more,  to  the  prejudice  of  another. 

CRAB,  a wooden  pillar,  somewhat  resembling  a small  cap- 
stan, bat  not  furnished  with  a drum  head  ; instead  of  which, 


j two,  three,  or  four  boles  are  made  one  above  another,  through 
the  middle  of  its  upper  end.  into  which  long  bar*  are  thrust, 
I whose  length  is  nearly  equal  to  the  breadth  of  the  deck.  It  is 
employed  for  the  same  purposes  as  the  capstan,  but  not  being 
so  convenient,  is  now  generally  laid  aside,  except  in  rope- 
walks,  kc.  The  Crab,  a machine  with  three  claws,  is  used 
to  launch  ships,  and  to  heave  them  into  the  dock,  or  off  the 
i key.  See  CaMCM*  for  the  Celestial  Crab. 

[ CRADLE,  a frame  placed  under  the  bottom  of  a ship,  in 
order  to  conduct  her  steadily  and  smoothly  into  the  water 
when  she  is  to  be  launched,  at  which  lime  it  supports  her 
weight  while  she  slides  down  the  descent  or  sloping  passage, 
called  the  Ways,  which  arc  for  this  purpose  daubed  with  soap 
or  tallow.  Cradles  are  also  standing  bedsteads  made  up  for 
the  wounded  seamen,  that  they  may  he  more  comfortable  than 
it  is  possible  to  be  in  a hammock. — C'hidren's  wicker  cradles 
need  hardly  be  alluded  to  : nor  does  the  more  fashionable  rock- 
1 ing  or  swing  cot  require  illustration,  except  to  observe,  that 
; the  principle  of  suspension  is  eapable  of  great  improvement 
: upon  a very  simple  plan,  that  of  the  pendulum,  in  place  of  the 
clumsy  method  of  hanging  the  cot  on  a tawdry  bias*  knob,  by 
a piece  of  wire  bent  in  the  form  of  an  equilateral  triangle. 

! CRAFT,  a general  name  for  all  sorts  of  vessels  employed  to 
j load  or  discharge  merchant  ships,  or  to  carry  alongside,  or 
j return  the  guns,  stores,  or  provisions  of  a man-of-war;  such 

I are  lighters,  boys,  barges,  flic. 

CRAM  I1E,  Sea  Cabbage,  Sea  Beach  Kale,  or  Sea  Colru'ort,  a 
genus  of  the  siliqnosa  order,  in  the  tetrsdynamia  class  of  plants, 
ranking  in  the  natural  method  under  the  39th  order  siliquosm. 
There  arc  six  species,  three  herbaceous  esculents  with  peren- 
nial roots,  producing  annually  large  leaves  like  those  of  the 
cahbage,  spreading  on  the  ground  with  yellow  flowers.  Only 
| one  species  is  a native  of  Britain,  and  it  grows  wild  in  several 
parts  of  the  sea-coast.  It  is  propagated  by  seeds  sown  in  com- 
mon light  earth  in  autumn  or  spring.  The  crambe  fruticosa  is 
a greenhouse  plant. 

CRAMP,  in  Medicine,  a convulsive  contraction  of  a muscu- 
lar part  of  tho  body,  being  either  natural,  as  in  convulsive  con- 
stitutions, or  accidental,  from  living  in  cold  places,  under 
ground,  See.  It  affects  all  parts  indifferently,  but  the  ham, 
calves,  feet,  and  toes,  oflcncr  than  the  arms  and  hands.  An 
effectual  preventive  for  cramp  in  the  calves  of  the  legs,  which 
is  a most  grievous  pain,  is  to  stretch  out  the  heel  of  the  leg 
os  far  as  possible,  at  tbc  same  lime  drawing  up  the  toes  to  the 
body.  This  will  frequently  stop  the  progress  of  u lit  of  the 
cramp  after  it  has  commenced ; and  a person  will,  after  a few 
times,  be  able  in  general  to  prevent  the  fit  coming  on,  though 
its  approach  be  betw  een  sleep  and  waking. 

CRANE.  The,  a machine  used  in  building,  on  wharfs,  and  in 
warehouses,  for  raising  and  lowering  huge  stones,  ponderous 
weights,  packages,  bales  of  goods,  &c.  has  been  variously 
constructed,  and  will  therefore  require  a few  examples. 

; The  Cellar  Crane  we  have  already  noticed.  The  Portable 
j Stone  Crane  for  Loading  and  Unloading  Carts , is  mounted  on  a 


wooden  stage,  and  is  so  constructed  that  it  may  be  taken  to 
pieces-  The  frame  A,  A,  A,  A,  is  about  10  feet  high  and  9 feel- 
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square;  the  wheel#  B,  B,  arc  of  iron,  and  3 feet  diameter ; the  1 
pinion  D fixed  to  the  axis  of  the  first  wheel  U is  8 inches  in 
diameter;  and  the  other  pinion  C is  about  the  same  diameter.  ■ 
When  stones  are  suspended  to  the  rope  that  coils  round  the  ! 
barrel,  the  labourer  turns  a winch  on  the  axis  of  the  wheel  C,  , 
and  raises  or  lowers  the  weight  according  to  the  direction  in 
which  he  turns  it. 

Gottlieb's  Carriage  Crane.^ This  machine,  which  is  useful  for 
carrying  large  stones  where  carts  and  horses  cannot  be  easily 
obtained,  consists  of  two  sorts  of  crane  wheels  applied  to  the 


two  sets  of  wheels  belonging  to  tbc  carriage,  so  that  two  men, 
one  acting  at  each  winch  A,  A,  give  motion  to  the  loaded  car- 
riage. The  pinion  B,  8 inches  in  diameter,  turns  the  wheel  C, 
a feet  in  diameter.  The  wheel  C gives  motion  to  the  pinion  I>, 
one  foot  in  diameter,  which  works  into  two  wheels  E,  E.  3 feet 
6 inches  diameter,  and  are  fixed  on  the  wheels  of  the  carriage. 

Andrew’s  Weighing  CYane,  weighs  the  body  at  the  time  that 
it  raises  it.  The  weight  W is  elevated  by  means  of  the  levers 
M,  H.  O,  N,  which  coils  the  rope  T R round  the  barrel  P.  The 
jib  E D stands  on  a horizontal  beam,  moveable  in  a vertical 


plane  round  the  centre  F A,  and  the  distance  of  the  upright 
beam  E from  the  centre  of  motion  A,  is  ) of  B P.  The  weight 
of  the  bulk  W is  then  ascertained  by  the  weight  at  B,  which 
keeps  it  in  eqoilibrio.  The  piece  of  wood  C projects  from  the 
vertical  beam  C L,  in  order  to  prevent  the  beam  from  rising 
too  high. 

Fergusons  Crane  has  three  trundles,  with  different  numbers 
of  staves,  that  may  be  applied  to  the  cogs  of  a horizontal 
wheel  with  an  upright  axle;  ronnd  which  is  coiled  the  rope 
that  draws  up  the  weight  This  wheel  has  96  cogs ; the  largest 
trundle  24  staves,  the  next  12,  and  the  smallest  6,  so  that  the 
largest  revolves  4 times  for  one  revolution  of  the  wheel ; the 
next  8,  ami  the  smallest  10.  A winch  is  occasionally  fixed  on 
the  axis  of  either  of  these  trundles,  for  turning  it ; and  is  applied 
to  the  one  or  the  other  according  as  the  weight  to  be  raised  is 
smaller  or  larger.  While  this  is  drawing  up,  the  ratch- teeth  of 
a wheel  slip  round  below  a catch  that  fails  into  them,  prevents 
the  crane  from  turning  backwards,  and  detains  the  weight  in 
any  part  of  its  ascent,  if  the  man  who  works  at  the  winch 
should  accidentally  quit  his  bold,  or  wish  to  rest  himself  before 
the  weight  is  completely  raised.  Making  a due  allowance  for 
friction,  a man  may  raise  by  such  a crane  from  three  times  to 
twelve  times  as  much  in  weight  as  would  balance  his  effort  at 
the  winch  ; cur.  from  E>0  to  360  lbs.  taking  the  average  labour. 

Bramah's  Jib  for  Cranes. — The  nature  of  this  invention  may 
be  easily  understood  from  a bare  inspection  of  the  figure,  which 
represents  a jib  attached  to  the  wail  of  a warehouse.  The 
jib  turns  on  a perforated  axis  or  pillar.  The  rope  by  which 
the  weight  is  raised,  after  passing  over  two  pulleys,  goes 
through  the  perforated  axis,  and  is  conducted  over  another 


pulley  to  the  barrel  of  the  crane, 
which  is  not  represented  in  the 
figure.  In  jibs  of  the  common 
construction,  which  turn  in  two 
solid  gudgeons,  the  rope  passes 
over  the  upper  gudgeon,  and  is 
confined  between  two  vertical 
rollers ; but  the  bending  of  the 
rope  occasions  a great  deal  of 
friction,  and  produces  a constant 
effort  to  bring  the  arm  of  the  jib 
into  a position  parallel  to  the 
inner  part  of  the  rope.  Cranes  of 
this  construction  are  in  common 
use  in  warehouses  in  London,  and 


all  parts  of  the  country. 

Watt’s  Jib  Crane. — Fig  1 is  a side  view  of  the  crane,  shewing 
the  jib  ; fig.  2 is  a back  view,  shewing  the  chain,  barrels,  and 
edjtcs  of  the  wheels  and  pinions  ; fig.  3 is  a fulcrum,  used  in 
shifting  the  crane  from  place  to  place.  The  same  reference- 
letters  are  put  to  the  same  points  in  both  figures. 

A B is  the  upright  shaft.  It  is  made  of  a firbalk  121  inches 
square,  and  23  feet  long.  Its  lower  pivot  turns  in  a cross  step 
at  A,  and  its  upper  one  in  a cross  at  B,  supported  by  four  gy- 

ropes,  two  of  which 
g g are  shewn  iu 
each  figure.  Imme- 
diately above  the 
pivot  are  two  stroog 

Clatcs  of  cast  iron, 
olted  to  the  opposite 
sides,  for  receiving 
the  bolt  at  1),  upon 
which  the  jib  turns. 
Above  these,  the 
shaft  is  fortified  by 
side  pieces,  till  it  has 
a breadth  of  26) 
inches,  where  are 
fastened  the  cast 
iron  cheeks  s «,  of 
which  an  edge  view 
is  given  in  fig.  2,  and 
which  may  be  traced 


1 T—  WHICH  IWn  ■ IJC  UHCCU 

SUET  behind  the  wheel* 
VyT*  it  and  nn,  in  fig.  1. 


Four  brass  beds,  co- 
vered by  cap  square* 
of  the  same  metal, 
are  placed  in  these  checks,  for  receiving  the  axles  of  the  wheels 
and  pinions.  Two  strong  cast-iron  blocks,  with  grooved  pal- 
leys  for  the  chains,  arc  placed  at  c and  r,  upon  opposite  sides 
of  the  shaft. 

C I)  is  the  jib,  formed  of  two  oak  battens,  7)  inches  by  2f  at 
their  lower  extremities,  and  5)  by  2)  at  their  upper.  They  are 
3 inches  asunder  at  the  lower  extremity ; where,  and  at  the 
erpentine  plate  at  the  middle,  they  are  separated  by  blocks, 
ma  they  meet  within  a few  feet  of  the  upper  extremity.  The 
extremity  D is  fortified  by  two  strong  plates  of  cast-iron, 
which  go  withiosido  the  plates  iu  the  shaft,  and  receive  the 
axle-bolt ; and  the  other  two  plates  at  the  extremity  C,  contain 
a grooved  policy,  shewn  by  the  dotted  circle  at  r,  and  a bolt  for 
fastening  the  chain  C r.  The  length  of  the  jib  from  the  axle- 
bolt  at  D to  the  centre  of  the  pulley  «,  is  20)  feet. 

There  are  two  chain-barrels.  The  barrel  a raises  or  lowers 
the  weight  /,  by  means  of  the  chain  which  passes  over  the 
pulleys  e,  d,  e ; and  the  barrel  v contracts  or  expands  the  Hb, 
by  means  of  the  chain  which  passe*  over  the  pulley  r.  The 
crane-barrel  a is  abont  9)  inches  in  diameter,  and  the  jib-barrel 
v about  8 inches  ; and  the  chains  for  both  arc  made  with  circu- 
lar links  from  five-eighths  inch  iron  rod.  These  barrels  may 
be  either  both  worked  at  the  same  time,  in  the  same  or  ia 
opposite  direction*,  or  cither  of  them  may  be  worked  sepa- 
rately. The  jib-barrel  has  a single  power,  produced  by  the 
pinion  p,  of  10  leaves,  and  6)  inches  diameter,  acting  on  the 
wheel  a a,  of  76  teeth,  and  3GJ  inches  diameter.  The  pinion  f 
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is  moved  by  the  winches  gq,  which  have  a level  power  of 
10  inches.  The  jib-barrel  may  be  locked  by  pushing  a 
moveable  bolt,  till  it  bear  against  an  arm  of  the  w heel  n n. 
The  single  power  of  the  crane-barrel  is  obtained  by  placing 
winches  (16  inch)  on  the  squares  A A (fig.  2),  which  terminate  an 
arbor  passing  through  the  centre  of  the  jib-barrel,  and  having 
on  its  one  end  the  wheel  » i,  and  on  its  other  the  pinion  A (fig,  2). 
The  pinion  A (6|  inches  diameter,  9 leaves,)  moves  the  wheel 
Lb,  which  is  fastened  on  the  arbor  of  the  crane -barrel,  and  has 
36f  inches  diameter,  and  ?ti  teeth. 

The  double  power  is  obtained  by  turning  the  pinion  l by 
means  of  the  winch  m (10  inches),  and  one  on  the  opposite  end 
of  tbe  same  arbor.  The  pinion  l is  6}  inches  diameter,  and  has 
10  leaves,  and  the  wheel  < i,  which  it  turns,  is  32  inches  diame- 
ter, and  has  06  teeth  Tbe  check  .block  .7  is  a single  pulley 
kept  in  its  place  by  the  chains  t,  a,  and  is  necessary  for  secur- 
ing the  action  of  the  jib  at  all  angles  of  elevation,  by  preserv- 
ing the  angle  her/,  always  smaller  than  the  angle  D ef,  it 
being  obvious,  from  the  doctrine  of  the  resolution  of  forces, 
that  when  these  angles  are  exactly  equal,  the  point  of  the  jib 
w-ilj  be  in  eqoilibrio;  hut  that  when  they  are  unequal,  it  will 
have  a tendency  to  move  in  the  direction  of  the  greater  angle. 
When  the  greater,  the  jib  cap  be  prevented  from  falling 

down  by  the  jib-chain  C r ; but  if  I>  r d were  the  greater,  there 
is  nothing  to  prevent  it  from  rising  till  it  would  come  in  contact 
with  A B. 

The  fulcrum  (fig.  3)  is,  when  tbe  crane  is  to  be  shifted, 
placed  near  the  axle-bolt  of  the  jib  at  I> ; then  the  jib  is 
lowered,  and  acts  as  a lever  in  taking  the  weight  of  the  crane 
off  the  cross-foot.  The  cross-head  of  tbe  fulcrum  moves  on  a 
pivot  in  tbe  tripod,  and  by  means  of  it,  ami  easing  off  two  of 
the  gy-ropes  while  the  opposite  ones  are  hauled  in,  the  crane 
is  moved  along  in  an  upright  position.— The  total  cost  of  snch 
a crane  is  about  £70 ; ana  the  parts  are  so  constructed  that  it 
may  be  used  for  many  years  without  requiring  the  smallest 
expense  for  repairs. 

The  power  of  the  jib-barrel,  without  making  allowance  for 
friction,  is  about  26$,  when  tbe  winch  is  in  an  horizontal  posi- 
tion ; but  as  tbe  resistance  of  the  weight  varies  with  every 
change  in  the  elevation  of  the  jib,  it  Is  not  possible  to  calculate 
the  power  which  would  be  necessary  to  move  it  with  any  given 
weight  The  more  that  the  jib  is  elevated,  the  less  power  is 
required.  Tbe  single  power  of  the  crane-barrel,  without  mak- 
ing allowance  for  friction,  is  about  24 1,  and  the  double  power 
about  101.  It  is  not  possible  to  determine  the  friction  exactly, 
because  it  varies  both  with  the  weight  and  the  position  of  the 
chains,  being  more  aj  the  weight  is  greater,  and  the  angles 
formed  by  the  chains  less.  But  the  result  of  experiments 
made  with  a load  of  one  ton,  and  tbe  jib  at  an  angle  of  about 


43  degrees,  were  as  follows: — 

Single  Power.  lbs. 

Power  required  to  suspend  a ton,  by  calculation,  about  91 
Ditto,  by  trial,  with  check  block,  about 164 

Total  friction, 63 

Ditto,  without  check-block, 128 

Friction  on  check-block, 26 

Double  Power. 

Power  required  to  suspend  a ton,  by  calculation,  about  22 
Ditto,  by  trial,  with  check-block,  about 44 

Total  friction, 22 

Ditto,  withont  check-block, 38 

Friction  on  check-block,' 6 


Hence  the  whole  friction  on  the  single  power  is  equal  to 
about  iwo-fiftbs,  and  that  on  the  double  power  about  one-half 
of  the  power  employed  ; and  the  friction  upon  the  check-block 
nearly  one-seventh  of  the  power  in  both  cases.  The  small  arc, 
however,  over  which  the  winch  can  traverse,  without  a great 
Alteration  of  power,  w hen  trial  is  made  by  weight,  suspended 


from  the  winch,  and  the  great  strain  produced  by  a pressure  of 
two  tons  od  the  machine,  render  such  experiments  but  very 
loose  approximations.* 

As  a building  crane,  this  possesses  many  advantages  over 
those  commonly  in  use,  from  the  complete  command  it  has  over 
every  inch  of  space  within  the  range  of  the  jib.  Tbe  common 
building  crane,  with  a fixed  jib  and  moveable  truck,  commands 
indeed  the  same  angular  range ; but  then  the  truck  cannot, 
without  an  additional  power,  be  removed  farther  from  the 
shaft,  after  the  crane  is  loaded,  and  thus  its  operation  is  con- 
fined. The  common  crane  is  also  much  less  portable,  and 
cannot  be  moved  even  for  the  shortest  distance  without  being 
taken  down — an  operation  which  costs  a good  deal  of  time  and 
labour.  Indeed,  tn  as  far  as  portability,  power,  and  the  com- 
plete command  of  a given  space  art;  concerned,  this  crane  is 
decidedly  superior  to  every  other  ; and  in  every  case  of  build- 
ing with  large  stones,  where  gy-ropes  can  be  used,  it  deserves 
the  preference.  Where  gy-ropcs  cannot  be  used,  Mr.  Watt's 
balance,  or  counterpoise  crane,  is  equally  applicable  aud 
excellent  Indeed,  tbe  whole  machines  invented  by  this  inge- 
nious mechanic,  while  employed  at  tbe  construction  of  the 
Bell-Rock  Lighthouse,  form  a series  of  applications  of  the 
mechanical  powers  highly  unique  and  valuable ; and  shew  of 
how  much  consequence  it  would  be  to  the  arts  and  to  society, 
were  mechanical  genius  in  common  workmen  duly  appreciated 
and  regarded. — Meek.  Mag.  vol.  ii.  No.  64. 

Ckanf.  is  also  a popular  name  for  a syphon  employed  in 
drawing  off  liquors.  This  craoe  or  syphon  is  nothing  else 
than  a bent  tube,  as  A B G.  If  tbe  shorter  end 
N A B be  immersed  in  a vessel  of  water  or  other 
fluid,  C,  then  by  applying  the  mouth  to  tbe  end 
O,  and  sacking  till  the  liquor  arrives  there,  it 
b will  continue  to  flow  out  at  the  end  O,  as  long 

r as  that  end  is  lower  than  tbe  surface  of  the 

fluid  in  the  vessel  C.  If  there  be  a mouth- 
piece  at  E,  then  sucking  at  that  mouth-piece 
(while  the  end  G is  stopt  with  a finger  or  other- 
wise,)  will  make  the  fluid  flow  when  the  obstruc- 
tion is  taken  away  from  G.  When  the  fluid  has 
begun  to  flow,  the  hole  at  E must  be  stopped 
up,  or  the  fluid  will  flow  no  longer  than  till  the 
surface  in  the  vessel  be  as  low  as  E.  The  reason  of  the 
motion  of  the  liquor  in  tbe  syphon  is  this : — Tbe  perpendicular 
height  of  the  column  BG  being  greater  than  B A,  the  pressure 
of  tbe  atmosphere  being  tbe  same  at  both  orifices,  supposing 
them  of  equal  area,  therefore  the  weight  at  G will  cause  (he 
fluid  to  flow  out  there,  while  the  pressure  of  the  atmosphere 
wilt  force  more  liquor  up  at  the  end  A,  and  thus  the  motion 
will  continue  so  long  as  there  is  any  fluid  in  the  vessel,  pro- 
vided the  end  G is  lower  than  the  end  A of  the  syphon.  Hence 
it  is  evident,  that  tbe  height  from  the  surface  of  the  fluid  to  the 
top  B must  not  exceed  the  altitude  of  a column  of  the  fluid 
whose  weight  is  equal  to  the  pressure  of  the  atmosphere  on  the 
same  base,  or  the  fluid  may  be  drawn  up  by  sucking  at  the 
aperture  E,  which  must  be  closed  as  soon  as  the  liquor  is 
made  to  run.  Many  improvements  have  been  made  ou  this 
instrument,  which  it  is  not  our  purpose  to  repeat  here. 

CRANIOLOGT,  is  a science  by  which  it  is  attempted,  from 
tbe  external  shape  of  the  skull,  to  form  an  opinion  of  the  animal 
propensities  and  intellectual  powers.  A few  words  will  servo 
to  shew  the  principle  on  which  it  is  founded.  That  the  intel- 
lectual powers  and  animal  propensities  have  their  scat  in  the 
brain,  has  generally  been  admitted,  but  according  to  the  doc- 
trines of  craniology,  of  which  Drx.  Gall  and  Spurslteim  have 

• Still  it  ii  evident,  that  could  the  check -block  be  dispersed  with,  ike 
power  of  the  crane  would  be  very  wadi  increased.  Now,  if  the  point  of  the 
jib  did  not  roqoiro  to  be  very  much  raised,  tbe  Week  might  be  dispensed  with, 
by  giving  tbe  pulley  c a situs  tJcu  lower  d»wo  to  tbe  shaft,  sneb  as  a;  bat  if  It 
were  brought  very  low,  tbe  chain  woeld  not  ceil  properly  on  tbe  barrel. 
This  might,  however,  be  obviated,  by  placing  the  cranc-barrcl  on  tbe  other 
aide  of  tbe  ihaft,  and  bringing  tbe  obain  down  tbe  back  of  tbe  jib  from  tbe 
pulley  *,  without  paming  it  OTcr  any  other  pulley  whatever.  Ae.  however, 
the  placing  of  tbe  barrel  in  this  situation  would  prevent  tbe  jib  from  being 
brought  ao  near  to  tbe  theft  ae  it  can  be  with  the  check. block  ; and  aa,  not- 
withstanding tbe  frioliou  oa  the  block,  tbe  erase  is  safficieally  powerful,  Ibu 
alteration  is  a matter  of  leas  importance. 
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been  the  chief  propagators,  these  do  not  depend  on  the  brain  ! 
generally,  hot  each  distinct  faculty  and  propensity  Las  its  scat  ' 
in  a particular  portion  of  the  brain.  If  therefore  any  part  of 
the  brain  be  unusually  large  in  any  individual,  that  individual 
will  be  distinguished  for  an  extraordinarv  degree  of  the  intel- 
lectual faculty,  or  animul  propensity,  of  which  the  enlarged 
portion  of  the  brain  is  the  seat.  If.  on  the  other  hand,  any 
portion  of  the  brain  be  unusually  small,  he  will  he  remarkable 
tor  a deficiency  of  the  particular  faculty  or  propensity  of  which 
the  diminished  portion  is  the  scat.  As  the  enlargement  of  any 
portion  of  the  brain  will  produce  an  elevation  of  the  skull,  par- 
ticularly in  infancy,  when  the  hones  arc  soft,  the  craniologists 
endeavour,  by  observing  the  protuberances  of  the  skull,  to  form 
a judgment  of  any  individual’s  intellectual  powers  or  animal 
propensities.  Drs.  Gall  and  Spurzheim  have  attempted  to  fix, 
from  observation  of  a number  of  remarkable  individuals,  what 
portions  of  the  brain  are  the  seat  of  the  different  faculties  and 
propensities,  and  have  accordingly  divided  the  surface  of  the 
cranium  into  portious  like  the  counties  in  a map  of  England. 
Hut  the  whole  of  this  appears  to  the  edilur  and  author  of  this 
Dictionary  absolute  nonsense. 

Such  a system  as  this  ought  to  have  for  its  support  observa- 
tions on  a very  great  number  of  individuals,  and  the  rases 
which  bear  against  it,  as  well  as  for  it,  ought  to  be  candidly 
stated.  The  small  nnmhcr  of  cases,  under  each  head  iu  Dr. 
Spurzhcim's  work,  is  very  remarkable,  and  the  blunders  made 
by  professed  craniologists,  who  have  attempted  to  give  the 
character  of  individuals  whose  skulls  they  have  examined,  and 
who  were  unknown  to  them,  have  much  tended  to  destroy  all 
faith  in  the  accuracy  of  its  conclusions.  It  also  deserves  to  be 
noticed,  that  there  are  external  elevations  of  the  skull,  where 
there  are  no  corresponding  internal  elevations  of  the  brain. 
The  ridicule  to  which  the  subject  has  been  exposed,  has  pro- 
duced a great  zeal  in  its  professors,  and  whilst  that  continues, 
wc  may  expect  them  to  trumpet  forth  cases  iu  their  favour, 
and  to  say  little  of  such  as  do  not  tend  to  bring  credit  to  their 
favourite  science. 

CRANK,  in  Mechanics,  a square  piece  projecting  from  a 
spindle,  serving  by  its  rotation  to  raise  and  fall  the  pistons  of 
engines.  It  also  denotes  the  iron  support  for  a lantern,  and 
the  iron  made  fast  to  the  stock  of  a bell. 

CRAPE,  a light  stuff  resembling  gauze,  made  of  raw  silk 
gammed  and  twisted  on  the  mill,  and  woven  without  crossing. 

CR  AT/FGUS,  Wild  Service  Tree,  Hawthorn.  &c.  a perms  of 
the  digwiia  order,  in  the  icosandria  class  of  plants,  ranking  in 
the  natural  method  under  the  36th  order,  pomacccc.  There  are 
20  species,  among  which  the  wild  service,  or  maple-leaved 
service,  a large  tree  that  grows  in  England,  Germany,  Switzer- 
land, and  France,  is  valuable  for  its  timber. 

CRATER,  the  Cuo.  is  an  ancient  constellation,  sufficiently 
typiral  by  its  place  between  the  meridian  intersecting  the  Lion 
and  Virgin,  of  its  use  at  the  summer  solstice,  when  Taurus 
opened  the  year.  The  fable  which  attributes  this  goblet  to 
Bacchus,  is  a finely  allegorized  symbol  of  Noah’s  planting  the 
vine;  and  ibe  translation  of  the  cop  to  a place  in  the  heavens 
corresponding  with  the  primitive  solstice  of  astronomy,  gives 
some  support  to  the  hypothesis  that  assigns  to  Bacchus  an 
Asiatic  origin. — The  boundaries  and  contents  of  this  constel- 
lation are : north  by  Virgo,  east  by  Corvus,  south  and  west  by 
Hydra.  There  are  13  stars  in  this  asterism.  of  which  0.«,  J,  y,  £, 
and  i»,  form  the  demi-eircumferenee  of  the  lip.  a A Ikes  to  the 
sooth,  and  [},  determine  the  bottom  of  the  vessel. 

CRAX.fA*  Curauou,  a genus  of  birds  belonging  to  the  order 
of  galioie,  of  which  there  are  five  species,  natives  of  India, 
Africa,  and  South  America. 

CRAYON,  a general  name  for  a coloured  stone,  earth,  or 
other  substance,  used  in  designing  or  painting  in  pastel,  whe- 
ther reduced  to  a paste,  or  used  in  their  primitive  consistence. 
In  this  last  manner  red  crayons  are  made  of  blood  stone  or  red 
chalk,  black  ones  of  charcoal  and  black  lead,  fee.  Crayons  of 
all  other  colours  are  compositions  of  earth. 

CRAYON  PAINTING,  requires,  in  many  respects,  a treat- 
ment different  from  that  in  oil,  because  all  colours  used  dry 
•re  of  a warmer  complexion  than  when  wet  with  oils,  for  which 
reason,  to  produce  a rich  picture,  a greater  portion  of  what  are 
termed  cooling  tint /,  must  be  applied  m crayon  painting,  than 
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would  be  proper  in  oil.  The  paper  for  crayon  painting  should 
be  strong  blue  or  gray,  and  free  Iroin  knots.  The  artist  should 
work  sitting  with  the  crayons  in  his  lap.  and  the  part  of  the 
picture  he  is  painting  should  be  rather  below  his  face.  The 
windows  should  be  darkened  to  the  height  of  six  feet  from  the 
floor,  and  the  subject  to  he  painted  so  placed  that  the  light  may 
fall  with  advantage  on  the  face. 

CREPITATION,  or  DETONATION,  in  Chemistry,  the  noise 
made  hj  some  suits  over  the  fire  in  calcination.  In  Surgery, 
the  sound  made  hy  the  ends  of  bones  when  the  limb  is  moved, 
that  the  existence  of  a fracture  may  be  ascertained. 

CKEPUSCULUM,  in  Astronomy,  twilight;  the  time  from 
the  first  dawn  or  appearance  of  the  morning  to  the  rising  sun  ; 
and  again,  between  the  setting  of  the  sun  and  the  last  remains 
of  day.  Pappus  derives  the  word  from  erepertu ; which,  be 
says,  anciently  signified  uncertain,  doubtful,  viz.  a dubious 
light.  The  crepusculum  is  usually  computed  to  begin  and  end 
when  the  sun  is  about  Id  degrees  below  the  horizon;  for  then 
the  stars  of  the  sixth  magnitude  disappear  in  the  morning, 
and  appear  in  the  evening.  It  is  of  longer  duration  in  the 
solstices  than  in  the  equinoxes,  and  longer  in  an  oblique  than 
in  a right  sphere.  The  crepuscula  are  occasioned  by  tue  sun’s 
rays  refracted  in  our  atmosphere,  and  reflected  from  the 
particles  thereof  to  the  rye.  Sec  Twilight. 

CRESCENT,  in  Heraldry,  a hearing  iu  the  form  of  a new 
moon. 

CRESCENT!  A.  the  Calabatk  Tree,  a genus  of  the  angiosper- 
mia  order,  in  the  didynamia  class  of  plants,  ranking  in  the 
natural  method  under  the  25th  order,  pulamincar.  There  aie 
two  species;  l.  The  cujete,  with  long  narrow  leaves,  and  a 
large  oval  fruit,  is  a native  of  the  West  India  islands.  Ife 
height  is  20  or  30  feet,  and  the  flowers,  w liioli  are  of  a yellowish 

f;rcen  colour, -striped  and  spotted  with  brown,  are  succeeded  by 
arge  fruit  of  a spherical  or  oval  form.  2.  The  cururbitana  or 
broad-leaved  calabash,  rises  to  the  height  of  15  or  20  feet ; the 
flowers  are  smaller  than  those  of  the  preceding,  and  of  a deeper 
yellow.  The  fruit  is  round  or  ovaJ.  The  shells  of  both  are 
made  use  of  for  drinkiog  cups,  punch-bowls,  and  other  pnr- 
poses,  some  of  them  will  hold  fifteen  pints  of  water.  The 
wood  of  the  tree  is  made  into  stools  and  other  furniture. 

CREST,  in  Armoury,  the  top  part  of  the  helmet,  generally 
ornamental.  In  Heraldry,  it  is  that  part  of  the  casque  or 
helmet  next  the  mantle. 

CRITHMUM,.Sam/>A«rr.  a genus  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  ranking  in  the  natural  method  under 
the  45th  order,  umbcllaUe.  There  arc  three  species,  the  prin- 
cipal of  which  is  the  inaritimum  or  common  marine  samphire, 
which  has  a fibrous  penetrating  root ; thick  succulent  branch- 
ing stalks,  rising  two  feet  high  ; fleshy  leaves,  with  round  yel- 
low flowers.  It  grows  on  the  sea-coast  among  gravel  and 
rocks.  The  principal  use  of  it  is  as  a pickle. 

CROCUS,  Saffron,  a genus  of  the  monogynia  order,  in  the 
tnandria  class  of  plants,  ranking  in  the  natural  method  under 
the  6th  order,  ensatv.  There  arc  two  species,  and  of  each 
several  varieties. 

CROISADE,  Crusade,  or  Cruzado,  a name  given  to  the 
expeditions  of  the  Christians  against  the  Infidels,  for  the  con- 
quest of  Palestine;  so  called,  because  those  who  engaged  in 
the  undertaking  wore  a cross  on  tbeir  clothes,  and  bore  one  on 
their  standard.  This  expedition  was  also  called  the  holy  war, 
to  which  people  flocked  in  great  numbers  out  of  pure  devotion, 
the  pope’s  bulls  and  the  preaching  of  the  priests  of  those  days 
making  it  a point  of  conscience.  The  several  nations  engaged 
in  the  hoty  war,  were  distinguished  by  the  different  colours  of 
their  crosses : the  English  wore  white,  the  French  red,  the 
Flemish  green,  the  Germans  black,  and  the  Italians  yellow. 
From  this  enterprise  several  orders  of  knighthood  took  their 
rise.  They  reckon  eight  croisadcs  for  the  conquest  of  the  Holy 
Land  ; the  first  begun  in  the  year  1065,  at  the  solicitation  of 
the  Greek  emperor  aod  the  patriarch  of  Jerusalem. 

CROMLECH,  in  British  antiquities,  huge  broad  flat  stones, 
raised  upon  other  stones  set  up  on  end.  They  aro  oommoo  in 
Anglesca,  and  are  supposed  by  some  persons  to  have  been 
tombs,  though  others  imagine  that  they  were  altars  for  religious 
services. 

CROSS,  an  instrument  used  in  surveying,  for  the  purpose  of 
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raising  perpendiculars.  It  consists  merely  of  two  pnir  ol  - 
Mights  wt  at  right  angles  to  each  other,  mounted  on  a staff,  of  a 
convenient  height  for  use.  The  method  of  using  it  is.  to  get  in 
n line  with  one  pair  of  sights,  the  marks  nt  the  extremities  of 
the  base  line,  or  that  on  which  the  perpendicular  is  to  be  raised, 
and  through  the  other  pair  the  mark  or  object  to  which  the 
rerpendicular  is  to  be  measured  ; and  the  line  or  distance 
between  the  foot  of  the  staff  and  the  object  will  be  the  perpen- 
dicular required.  <Sre  Surveying. 

Cross- Multiplication.  See  Duodf.cimals. 

Citogs-.VfaJf,  or  Fore-Staff,  an  instrument  formerly  used  by 
mariners,  for  taking  the  meridian  altitude  of  (he  sun  or  stars. 

CROTALUS,  Rattle-Snake,  a genus  belonging  to  the  order 
of  amphibia  serpentes.  The  banded  rattle-snake  is  from  three 
to  five  feet  long,  of  a yellowish  brown  colour,  marked  through- 
out with  transverse  streaks  or  spots  of  deep  brown,  and  from 
the  head  down  the  neck  run  two  or  three  stripes  of  the  same 
colour ; the  head  is  large,  flat,  and  scaly  ; the  rest  of  the  upper 
part  covered  with  large  oval  scales  ; the  under  parts  are  of  a 
dingy  colour,  marked  with  numerous  freckles ; at  the  end  of  the 
tail  is  the  rattle,  consisting  of  several  horny  processes,  which 
the  animal  elevates  and  shakes  when  irritated  or  disturbed. 
The  rattle-snake  lives  upon  frogs,  squirrels,  and  birds.  The 
two  last  it  catches  in  an  extraordinary  manner,  placing  itself 
under  the  tiee  where  they  rest,  and  by  shaking  the  rattle 
awakens  them  ; they  then  flutter  and  jump  about  from  spray  to 
apray,  till,  tired  and  frightened,  they  fall  into  the  mouth  of  the 
enemy  beneath.  Rattle-snakes  abound  in  North  and  South 
America.  Their  bite  is  fatal,  but  they  never  attack  a person 
without  provocation.  The  siriped  rattle-snake,  of  a deep  brown 
colour  above,  with  pale  yellow  streaks  forming  large  losenges 
down  the  back,  is  also  a native  of  America,  and  equally  venom- 
ons.  The  wood  rattle-snake  is  of  a lighter  colour  than  the  two 
preceding.  And  the  military  rattle- snake,  of  a gray-brown, 
shaded  on  the  back  with  red  and  marked  with  black  spots,  is 
smaller  than  the  other  kinds. 

CROTCHET,  in  Music,  a note  or  character  of  time  marked 
thus,  • . equal  to  half  a minim  and  double  a quaver. 

CROTCHETS,  marks  enclosing  a word  or  scotencc  to  be 
distinguished  from  the  rest,  thus,  [ ] or  ( ). 

CROTON,  Wild  Ririntu,  which  grows  naturally  in  the  sonth 
of  France,  and  from  it  is  made  the  turnsole  used  for  colouring 
wines  and  jellies.  This  is  made  of  the  iuice  lodged  between 
the  empalcment  and  the  seeds;  and  if  rubbed  on  cloths  at 
first  appears  green,  but  soon  changes  to  a purple.  If  these 
cloths  are  put  into  water,  they  will  dye  it  of  a claret  colour. 
The  rags  thus  dyed  are  brought  to  this  country,  and  sold  under 
the  name  of  turnsole. 

CROW,  in  Mechanics,  a kind  of  iron  lever,  sharp  at  one  end 
nml  a claw  at  the  other,  used  for  heaving  or  pushing  great 
weights. 

CROWN,  in  Astronomy.  See  Corona. 

CROWN,  in  Geometry,  a plane  ring,  included  between  two 
concentric  perimeters,  generated  by  the  motion  of  part  of  a 
right  line  round  the  centre,  to  which  the  moving  part  is  not 
contiguous.  The  area  of  a crown  is  had  by  multiplying  its 
breadth  by  the  length  of  the  middle  periphery  ; for  a series  of 

a + u< 

terms  in  arithmetical  progression  being  » x , i.  e.  the  sum 

2 

of  the  first  and  last  multiplied  by  half  the  number  of  terms,  the 

• + » 

middle  terms  must  be , therefore,  that  multiplied  by  the 

2 

breadth  or  sum  of  all  the  two  terms  will  give  the  crown. 

Crown,  is  also  a silver  coinage  of  England,  and  many  other 
countries  ; the  English  crown  is  equal  in  value  to  b shillings ; 
the  Danish  crown  is  2s.  ; German,  At.  7 id. ; French 

At.  sterling. 

CROWN-WHEEL  of  a Watch,  the  upper  wheel,  which,  by 
its  motion,  drives  the  balance.  Iu  royal  pendulums  it  is  called 
the  swing  wheel. 

CROWN-WORK,  in  Fortification,  an  outwork  having  a 
large  gorge,  and  two  long  sides  terminating  towards  the  field  \ 
in  two  demi-bastions.  It  is  intended  to  enclose  a risiu  j 
ground,  or  to  oorcr  an  entrenchment. 


CROW'S  DILL,  a surgical  instrument  for  ext. acting  balls 
and  other  substances  from  wounds. 

CROW'S  FEET,  in  Military  affairs,  machines  of  iron  having 
four  points  so  made  that  whatever  way  they  fall  there  is  a point 
upwards ; these  are  throw  n upon  breaches,  or  in  passes,  to 
lame  the  horsps  of  the  enemy. 

CRUCIULE,  a chemical  vessel  made  of  earth,  and  so  tem- 
pered as  to  endure  the  strongest  heat. 

CRUST  A CEO  US  Fish,  are  those  covered  with  shot's,  con- 
sisting of  several  pieces  or  scales,  as  crabs,  lobsters,  tkc. 

CRUX,  tkeCrott,  is  an  asterism  containing  five  stars,  vis. 
one  of  the  1st  magnitude,  two  of  the  2d,  one  of  the  3d,  and  one 
of  the  4th.  Four  of  these  stars  arc  in  the  form  of  a cross,  and 
the  most  northerly  and  southerly  arc  always  in  a line  with  the 
south  pole.  They  are,  therefore,  the  Pointert  for  discerning, 
in  the  southern  hemisphere,  the  Antarctic  pole,  at,  of  the  1st 
magnitude,  in  the  foot  of  the  Cross,  has  12  ho.  Iff  48*  right 
ascension  in  Time  (Ann.  Var.  3*. 23),  and  62°  f>  4t f south 
declination,  (Ann.  F#r.  + 20* .00.)  y,  of  the  2d  magnitude,  in 
the  top  of  tiie  Cross,  has  12  ho.  21'  20",  (Ann.  Far.  3\*24),  and 
60°  tf  41 T south  declination,  (Ann.  Y'ar.  + I0".y7.)  fi,  of  the 
2d  magnitude,  in  the  arm,  has  12  ho.  37*  24-,  (Ann.  Var.  3’. 41,) 
and  08°  42'  53*  south  declination,  (Ann.  Var.  + 11/". b<)  ) 

CRYSTAL,  in  Natural  History,  the  name  of  a large  ciass  of 
fossils,  hard,  pellucid,  and  colourless. 

CRYSTALLINE  Hf.avf.nb,  in  the  old  Astronomy,  two  orbs 
imagined  between  the  primum  mobile  and  the  firmament,  in 
the  Ptolemaic  system,  in  which  the  heavens  arc  supposed 
solid,  and  only  susceptible  of  a single  molion.  These  orbs  arc 
said  to  have  been  introduced  by  Alphonsus,  in  order  to  explain 
what  the  ancients  called  the  motion  of  trepidation  or  titubatioa. 

CRYSTALLIZ4TION.  When  fluid  substances  become 
solid  they  frequently  assume  regular  polyhedral  forms,  which 
are  called  erytlalt , and  the  bodies  which  do  so  are  said  to  ho 
susceptible  of  crystallisation.  Many  minerals  are  found  which 
are  thus  arranged  into  regular  forms. 

To  enable  (lie  particles  of  bodies  to  assume  that  regular  form 
which  crystals  exhibit,  they  must  have  freedom  of  motion ; and, 
accordingly,  the  first  step  is  to  confer  a liquid  or  aeriform 
state,  by  solution  in  water.  When  common  salt  is  dissolved  in 
water,  the  particles  will  be  too  far  asunder  to  exert  reciprocal 
allruction ; in  other  words,  they  will  be  more  powerfully 
attracted  by  the  water  than  by  each  other.  If  wc  now  get  rid 
of  a portion  of  the  water  by  evaporation,  the  saline  particles 
will  gradually  approach  each  other,  and  will  aggregate  accord- 
ing to  certain  laws,  producing  a regular  solid  of  a cubic  form. 
If  the  process  be  slowly  conducted,  the  particles  unite  with 
great  regularity  ; if  hurried,  the  crystals  are  irregular  and 
confused. 

There  are  certain  bodies  which  may  be  liquefied  by  heat,  and 
during  slow  cooling  may  be  made  to  crystalline.  This  is  the 
case  with  many  of  the  metals,  and  with  sulphur.  Some  other 
substances,  when  boated,  readily  assume  the  state  of  vapour, 
and  during  condensation  present  regular  crystalline  forms,  such 
as  iodine,  bensoic  acid,  camphor,  &c. 

The  hardness,  brilliancy,  and  transparency  of  crystals  often 
depend  upon  their  containing  water,  which  sometimes  exists  in 
them  in  large  quantities. 

Thus  sulphate  of  soda,  in  the  state  of  crystals,  contains  more 
than  half  its  weight.  This  is  called  water  of  crystallisation. 
Some  salts  part  with  it  by  a simple  exposure  to  dry  air,  when 
they  are  said  to  effloresce ; but  there  arc  other  salts  which 
deliquesce,  or  attract  water  from  the  atmosphere. 

Cry  stallisation  is  accelerated  by  introducing  into  the  solution 
a nucleus,  or  solid  body,  upon  which  the  process  begins,  and 
manufacturers  often  avail  themselves  of  this  circumstance. 

A strong  saline  solution  excluded  from  the  air  will  frequently 
crystallize  the  instant  that  air  is  admitted,  a circumstance 
referred  to  atmospheric  pressure.  Iu  other  cases  agitation 
produces  the  satne  effect.  The  presence  of  light  also  influences 
the  process  of  crystallisation.  Thus  the  cry stals  collected  in 
camphor  bottles  in  druggists'  windows,  are  always  most 
copious  upon  tbe  surface  exposed  to  the  light.  Crystallised 
bodies  affect  one  form  in  preference  to  others.  Tbe  lluor  spar 
<>|  Derbyshire  crystallises  in  cubes;  so  docs  common  salt; 
nl  rf  in  the  form  of  a six-sided  prism ; and  sulphate  of  magnesia 
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In  that  of  a four-sided  prism.  These  forms  are  liable  to  vary. 
Fluor  spar  and  salt  crystallize  sometimes  in  the  form  of  octa- 
hedra : and  there  are  so  many  forms  of  carbonate  of  lime,  that 
it  is  difficult  to  select  that  which  most  commonly  occurs. 

Rome  de  Lisle  referred  these  variations  of  form  to  certain 
transactions  of  an  invariable  primitive  nucleus.  Bergman 
suspected  the  existence  of  a primitive  nocleus  in  all  primitive 
bodies.  When  Haiiy  entered  this  field  of  inquiry,  he  not  only 
corroborated  the  opinions  of  Bergman,  but  traced  with  much 
success  the  laws  of  crystallization,  and  pointed  out  the  mode  , 
of  transition  from  primitive  to  secondary  figures. 

Dr.  Wollaston  supposed  the  primitive  particles  to  be  of  a 
spherical  form,  and  that  their  mutual  attraction  produces  crys- 
tallization in  the  various  regular  forms  in  which  it  appears. — 
When  alum  is  dissolved  in  water,  various  figures  appear  upon 
it,  Those  who  are  in  the  habit  of  cutting  and  polishing  cer- 
tain gems,  have  long  known  that  they  only  afford  smooth  sur- 
faces when  broken  in  one  direction. — Watkin’e  Cyclopaedia. 

CRYSTALLOGRAPHY,  the  science  which  attempts  to 
explain  the  laws  by  which  crystallization  takes  place. 

CRYSTALLIZING  the  Surface  of  Tin  and  other  Metals.— 
The  process  of  giving  the  new  ornamental  surface  on  metals  or 
metallic  compositions,  consists  in  employing  those  acids  and 
saline  compounds  and  substances  which  chemically  act  upon 
tin,  and  which,  when  employed  in  the  manner  to  be  stated,  pre- 
sently give  to  the  metal  or  metallic  compositions  to  which  they 
are  applied,  the  appearance  of  a crystalline  surface  variously 
modified  ; to  produce  this  effect,  the  metal  or  metallic  compo- 
sition ought  to  be  previously  tinned  or  covered  with  a thin  coat 
of  tin.  If  the  metal  be  pure  tin,  it  requires  no  previous  prepa-  ' 
ration.  All  grease  remaining  on  the  tinned  surface,  in  conse- 
quence of  tinning,  is  to  be  taken  off  with  a solution  of  potash, 
soap,  or  any  alkaline  substances.  The  tin  or  tinned  surface 
should  then  be  washed  with  pure  water,  dried,  and  heated  to  a 
temperature  which  the  hand  can  bear ; when  the  surface  has 
thus  been  cleaned  and  heated,  any  of  the  aeids  which  act  upon 
tin.  or  the  vapours  of  these,  will  cause  the  desired  appearance 
of  crystallization,  but  preference  is  given  to  the  following  com- 
position, which  may  conveniently  ho  laid  over  with  a brush  or  a 
sponge:  take  one  part  by  measure  of  sulphuric  acid,  dilute  it 
with  five  parts  of  water.  Take  also  one  part  of  nitric  acid, 
and  dilute  it  with  an  equal  bulk  of  water,  and  keep  each  of  the 
mixtures  separate;  then  take  ten  parts  of  the  sulphuric  acid, 
dilute  it  in  the  manner  before  stated,  and  mix  it  with  one  part 
of  the  diluted  nitric  acid,  and  then  apply  this  mixed  acid  to  the 
tin,  or  to  the  tinned  surface,  with  a pencil  or  sponge,  as  above 
directed,  and  repeat  the  application  of  the  said  composition 
for  several  times  successively,  or  until  the  result  you  expect 
proves  satisfactory : when  this  has  been  done,  the  crystalline 
surface  may  be  covered  with  a varnis'a  or  japan,  more  or  less 
transparent  and  colourless,  or  coloured;  the  whole  must  now 
be  polished. 

CUB  ATURE,  is  the  finding  the  solid  oontent  of  any  proposed 
body,  the  same  as  quadrature  signifies  the  finding  ibe  super- 
ficial area. 

CUBE,  or  Hf.xahpdhon,  a solid  regular  body,  consisting  of 
six  equal  square  sides.  It  is  supposed  to  be  generated  by  the 
motion  of  a square  plane  along  a line  equal  and  perpendicular 
to  one  of  its  sides. 

To  determine  the  Surface  end  Solidity  vf  a Cuke. — Multiply 
one  side  by  itself,  which  will  give  one  square  ; this  multiplied 
by  G will  give  the  whole  surface.  Also,  multiply  one  side 
twice  by  itself,  that  is,  cube  it,  and  that  will  give  the  solid  con- 
tent required. 

Cube,  Duplication  of  the,  is  the  finding  of  tho  side  of  a cube 
that  shall  double  in  solidity  a given  cube.  It  cannot  be  done 
geometrically,  as  it  requires  the  solution  of  a cubic  equation, 
or  the  finding  two  mean  proportionals.  Let  a bo  the  side  of 
the  given  cube,  and  s that  of  the  double  one,  then  i*  — 2 o’,  or 
P M1 1:  f I fg  therefore,  if  a and  x be  the  first  and  second 
terms  of  a set  of  continued  proportionals,  then  «*  : *»  is  the 
ratio  of  the  square  of  the  first  to  that  of  the  second,  which  is 
the  same  as  tbe  ratio  of  the  first  term  to  the  third,  or  the  second 
to  the  fourth,  or  of  x to  2a  ; therefore  x being  the  second  term, 
2«  will  he  the  fourth  ; so  that  x.  the  side  of  the  cube  sought,  is 
tbe  second  of  four  terms  in  continued  proportion ; the  first  and 


fourth  being  a and  2a,  i.e.  the  side  of  the  double  cubo  is  the 
first  of  the  two  mean  proportionals  between  a and  2 it. 

CUBED,  Powder  or,  though  not  yet  enrolled  in  the  Phar- 
macopoeia of  London,  is  an  article  much  used  by  our  medical 
practitioners,  to  reduce  inflammations  of  the  pudenda,  attended 
with  the  discharge  of  a mucus.  This  disease,  sometimes  mis- 
taken for  a venereal  affection,  is  perfectly  local,  and  may  be 
easily  cured  by  taking  at  night  and  morning  a small  portion  of 
tbe  powder  of  cubcb  ; thus,  half  an  ounce  of  the  powder  made 
up  iuto  twelve  parcels,  will  make  doses  for  six  days,  during 
which  time  the  parts  affected  may  he  well  syringed  with  warm 
water  and  milk  ; or  about  20  drops  of  port  wine  thrown  into  a 
glass  of  lukewarm  water,  makes  perhaps  a more  efficacious 
wash.  If  the  inflammation  is  not  reduced  in  a week,  the 
applications  should  be  continued  till  the  discharge  entirely 
disappears. 

CUBEBS,  the  Cuheba  of  Medicine,  is  a small  dried  fruit, 
resembling  pepper,  brought  from  Java. 

CUBES,  or  Cube  Numbers,  in  Arithmetic,  and  the  Theory  of 
Numbers,  are  those  whose  cube  root  is  a complete  integer ; or 
they  are  numbers  produced  by  multiplying  a given  number 
twice  into  itself,  or  by  the  multiplication  of  three  equal  factors, 
thus,  lx  lx  1 = 1;  2 x 2x2=8;  3x3x3=27; 
4 X 4 X 4 = 64,  &c.  are  cube  numbers. 

To  find  the  Cube  Root  of  a given  Number.— 1st  Method. 
Separate  the  given  number  into  periods  of  three  figures  each, 
by  putting  a point  over  the  place  of  units,  another  over  the 
place  of  thousands,  and  so  on  over  every  third  figure,  to  (he 
left  hand  in  integers,  and  to  the  right  in  decimals;  and  then  find 
the  nearest  cube  root  of  the  first  period,  and  set  it  in  the 
quotient.  2.  Subtract  the  cube  of  the  figure  of  tho  root  thus 
found,  from  the  first  period,  to  the  left  hand,  and  annrx  the 
following  period  to  tbe  remainder  for  a dividend.  3.  Divide 
this  dividend  by  3 times  the  square  of  tbe  figure  of  the  root 
above  determined,  and  the  first  figure  of  the  quotient  will  be 
the  second  figure  of  the  root.  4.  Subtract  the  cube  of  these 
two  figures  of  the  root  from  the  first  two  periods  on  the  left, 
and  to  the  remainder  annex  the  following  period,  for  a new 
dividend,  which  divide  as  before;  and  so  on  till  the  whole  is 
finished.  And  finally,  point  off  as  many  figures  for  integers  as 
there  are  periods  of  integers  in  the  proposed  number. 

Example.  Required  the  cube  root  of  41278-242816. 

4 i 278  2128 1 C ( 34'fiG  root 
3*  = 27 

3*  X 3 = 27)  14278  ( 4 2d  figure  of  the  root 
41278  1st  two  periods 
34*  = ,16304 


34*  x 3 = 3168 ) 1974  242(6,  3d  figure 

41278*242  1st  three  periods 
316*  = 41063-625 


346*  X 3 = 367076)  214*617816  ( 6-4 th  figure 

and  thus  tho  operation  may  be  carried  on  till  the  root  he 
obtained  to  any  degree  of  accuracy  required.  This  method, 
however,  is  extremely  laborious,  and  is  seldom  or  nc\rr 
employed,  as  other  methods  have  been  fonnd  in  which  the 
approximation  is  carried  on  much  more  rapidly. 

2d  Method.  Find  by  trials  the  nearest  rational  cube  to  the 
given  number,  and  cal!  it  the  assumed  cube.  Then,  as  double 
the  assumed  cube  added  to  tbe  given  number,  is  to  double  the 
given  number  added  to  the  assumed  cube,  so  is  the  root  of  the 
assumed  eube  to  the  required  root,  nearly.  Or,  as  the  first 
sum  is  to  the  difference  of  the  given  number  and  assumed 
cube,  so  is  the  assumed  root  to  the  difference  of  the  roots, 
nearly.— By  taking  the  cube  of  the  root  thus  found,  for  tho 
assumed  cube,  and  repeating  the  operation,  tbe  root  will  ho 
had  to  a still  greater  degree  of  exactness. 

3d  Method.  Point  off  the  given  number  in  periods  of  three 
figures  each,  reckoning  from  the  units’  place : then  find  the 
cube  of  the  first  period  on  the  right  band,  set  it  down  under 
that  period,  and  subtract  tho  one  from  the  other,  and  to  the 
remainder  bring  down  the  next  period.  To  find  the  cube  of 
this  period,  square  the  quotient,  and  multiply  the  product  by 
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3o0  for  a new  ditisor.  Find  bow  often  this  divisor  is  contained 
in  the  dividend,  set  it  down,  and  briny;  down  the  two  first 
I'criods  in  the  dividend ; cube  the  quotient  figures,  pkicc  their 
value  under  the  original  dividend  period*,  and  subtract  as 
before,  and  proceed  thus  till  all  the  dividend  is  broorbt  down. 

Example.  14886036  is  the  number  whose  cube  root  is 
ought. 

.14886-036(246 
2 X 2 X 2 =;  a 

6686 

2 x2  X 300  = 1200 ) 1G860 
24  X 24  X 24  = 13624 

3002936 

24  X 24  X 300  = 17260ft)  14*666936 
246  x 246  X 246  = 14  886*936 

CUBICAL  Equation,  in  Algebra,  one  whose  highest  power 
consists  of  three  dimension*,  as  x*  zz.  a1  — b1,  or  x*  r x*  = 
b*,  See. 

CUBIT,  a measure  of  length  equal  to  a man's  arm  from  the 
elbow  to  the  extremity  of  the  fingers.  Dr.  Arliulhnot  slates  the 
English  cubit  at  16  inches,  the  Roman  at  1 foot  6*406  inches, 
and  the  Hebrew  at  I foot  9*666  inches. 

CUCULUS,  tke  Cuckoo,  a genus  of  birds  belonging  to  the 
order  of  pica*.  The  cuckoo  appear*  in  the  spring,  and  takes 
its  departure  early  in  July.  Some  of  these  birds,  however, 
have  been  found  to  winter  in  this  island,  taking  up  their  abode 
in  hollow  trees,  where  they  have  lain  in  a torpid  state.  The 
cuckoo  does  not  rear  her  own  offspring,  but  selects  the  nest  of 
some  other  bird,  particularly  that  of  the  hedge-sparrow,  in  which 
she  deposits  her  eggs.  When  the  sparrow  has  sat  her  usual 
time,  and  disengaged  the  young  cuckoo  from  her  shell,  her  own 
voting  ones  are  sooo  turned  out  by  the  intruder,  who  remains 
in  possession  of  the  nest.  There  are  mans*  more  male  cnckoos 
tbun  females,  for  when  five  or  six  have  been  taken  in  a trap, 
not  a female  has  been  found  among  them.  Cuckoos  may  be 
brought  up  tame.  They  will  eat  bread  and  uiilk,  fruit,  insects, 
and  llosh. 

CUCUMBER,  Ctufcfwu,  a genus  of  the  syngenesia  order,  in 
the  tnonoeeia  class  of  plants,  ranking  in  the  natural  method 
under  the  34th  order,  cucurbitaccm.  There  are  13  species. 

CUCURBIT,  in  Chemistry,  an  eaiihen  or  glass  vessel,  so 
called  from  its  resemblance  to  a gourd. 

CUCURBITA,  tk*  Gourd  and  Pompion,  a genus  of  the  stngc- 
nesia  order,  in  the  monaccia  class  of  plants,  ranking  in  the 
natural  method  under  the  34th  order  cucurbitaceae.  There  are 
seven  species. 

CUIRASS,  a piece  of  defensive  armour,  made  of  iron  plate, 
well  hammered,  serving  to  cotct  the  body  from  the  neck  to  the 
girdle,  both  before  and  behind. 

CULEX.  tke  Gnat,  a genus  of  insects  of  the  order  of  diptcra, 
of  which  there  are  seven  species.  Before  they  attain  the  Hying 
state,  they  are  small  grubs  In  the  water,  after  which  they  turn 
to  chrysalids,  then  pass  to  the  state  of  a gnat,  and  ft  into  the  air. 

CULMINATE,  to  he  vertical  to,  or  on  the  meridian  : hence 
the  culminating  point,  is  that  point  of  a circle  of  the  sphere  that 
is  on  the  meridian. 

CULMINATION,  in  Astronomy,  signifies  the  passage  of  any 
heavenly  bod)  over  the  meridian,  or  its  greatest  altitude  during 
its  diurnal  revolution.  In  order  tt>  find  the  time  of  a star's 
culminating,  wc  mnst  estimate  the  time  nearly,  and  find  the 
right  ascension  both  of  the  son  and  star  corrected  for  this 
estimated  time  then  the  difference  between  these  right  ascca- 
sions,  converted  into  solar  thne,  at  the  rate  of  15  degrees  to 
«bc  hour,  gives  the  time  of  southing. 

CULVER  IN,  a long  slender  piece  of  ordnance  or  artillery, 
for  carryinr  a ball  to  a great  distance. 

CUMIXUM,  Cummin,  a genns  of  the  digynia  order,  in  the 
pentandria  class  of  plants,  ranking  in  the  natural  method 
under  the  45tb  order,  umberiat*.  There  is  only  one  species 
which  is  an  annual,  that  rises  nine  or  ten  inches  high  In  warm 
countries.  The  flowers  arc  of  a pale  blue  colour ; and  the  seeds 


have  an  aromatic  taste.  These  are  used  in  the  cmplastrum 
cumini  of  tbc  Pharmacopoeia. 

CUNBU8,  the  Latin  term  for  wedge.  Set  Wfdoe. 

CUNITIA,  a celebrated  lady  of  Silesia,  authoress  of  a 
mathematical  work  entitled  “ Urania  Propitia,"  published  in 
1650,  in  Latin  and  German;  in  which  are  contained  various 
accurate  astronomical  tables  calculated  upon  kepler's  hypo- 
thesis. 

CUPEL,  a shallow  earthen  vessel  resembling  a cup,  from 
which  it  derives  its  name,  is  made  of  phosphate  of  lime,  or  tbc 
residue  of  burned  hones  rammed  into  a mould,  which  gives  its 
figure.  This  vessel  is  used  in  assays  wherein  the  precious 
metals  arc  fused  with  lead,  which  becomes  converted  into 
glass,  and  carries  tbe  impure  alloy  witb  it. 

CUPELLATION,  the  art  of  refilling  gold  or  silver  by 
means  of  a cupel.  For  this  purpose  another  vessel  called  • 
multle  is  used,  within  which  may  he  placed  one  or  more  cupels. 

CUP-GALLS,  formed  on  the  leaves  of  the  oak  and  other 
trees,  resemble  a drinking-glass  with  a cover,  which  last  is 
flat,  and  has  a small  protuberance  in  the  centre. 

CUPOLA,  in  Architecture,  a spherical  vault,  or  the  round 
top  of  the  dome  of  a church. 

CUPPING,  in  Surgery,  the  operation  of  applying  cupping- 
glasses,  for  the  local  discharge  of  blood  and  other  humours  by 
the  skin. 

CUPRESSUS,  ike  Cgpren-tree,  a genus  of  the  monadelphi* 
order,  in  the  monarcia  class  of  plants,  ranking  in  the  natural 
method  nnder  the  51st  order,  conifera*,  of  which  there  are  seven 
species,  all  raised  from  seeds,  and  sometimes  from  cuttings. 
The  wood  of  the  evergreen  cypress  is  said  to  resist  worms, 
moths,  and  putrefaction,  and  to  endure  for  ages.  This  tree  has 
also  been  celebrated  as  a remedy  in  pulmonic  diseases,  from 
iu  supposed  property  of  meliorating  the  air  by  it*  balsamic 
exhalations. 

CURATE,  the  parson,  or  vicar  of  a parish,  wbo  has  tbe 
charge  or  cure  of  tbe  parishioners'  souls ; or.  a person  substi- 
tuted by  the  incumbent,  to  serve  his  cure  in  his  stead. 

CURATOR,  among  Civilians,  one  appointed  to  manage  the 
affairs  of  minors,  or  persons  incapable  of  acting  for  them- 
selves. 

CURCULIO,  the  weevil,  a genus  of  insects  belonging  to  the 
order  of  colcoptera;  and  of  which  there  are  fifteen  species, 
whose  larvae  commit  great  ravages  in  corn-lofts,  burying  them- 
selves in  the  grain,  and  entirely  devouring  tbe  meal.  When  the 
insect  arrives  to  its  full  size  it  becomes  a chrysalis.  Other 
lanic  fix  themselves  in  beans,  peas,  and  lentiles,  artichokes, 
thistles,  and  the  leaves  of  the  elm  tree. 

CURCUMA,  Turmeric,  a genus  of  the  monogynia  order,  in 
the  monandria  class  of  plants,  ranking  in  the  natural  method 
under  the  6th  order,  settamineao,  and  of  which  there  are  three 
species,  that  grow  naturally  in  India,  whence  the  roots  are 
brought  to  Europe,  to  be  used  in  dyeing  yellow : and  in  medi- 
cine as  a remedy  for  tbe  jaundice. 

CURFEW,  a signal  given  in  cities  taken  in  war,  kc.  to  the 
inhabitants  to  go  to  bed.  and  advertise  the  people  to  secure  them- 
selves from  the  robberies  and  debaucheries  of  the  night.  The 
most  eminent  curfew  in  England,  was  that  established  by  Wil- 
liam the  Conqueror,  wbo  appointed,  under  severe  penalties, 
that,  at  the  ringing  of  a hell,  at  eight  o’clock  io  the  evening, 
every  one  should  put  out  their  lights  and  fires,  and  go  to  bed  : 
whence  to  this  day,  a bell,  rung  about  that  time,  is  called  a 
curfew-bell. 

CURING  Fish  and  Bacon.— Tbc  following  simple  and  easy 
mode  of  preserving  mackarel,  pilchards,  herrings,  and  sprats, 
lias  been  proved  by  experience  to  answer  well.  Half  fill  some 
w ater-tight  casks  or  vats,  witb  a brine  made  from  about  28  parts 
of  solid  salt  to  72  parts  of  fresh  water.  Into  this  brine,  the 
fish,  gutted  or  not,  are  thrown  as  fresh  as  possible,  sufficient  to 
nearly  fill  the  vessel.  Some  moisture  will  exude  from  the  fish 
daring  tbe  pickling,  therefore  add  more  salt  to  saturate  it ; and 
as  the  brine  is  always  weakest  in  tho  upper  part,  a piece  of 
basket  work,  or  lattice  work  frame,  should  be  provided,  to  fit 
inside  of  the  cask  or  vat,  and  sunk  an  inch  or  two  below  the  sur- 
face of  the  brine,  upon  which  is  to  be  placed  some  large  lumps 
of  solid  salt,  which  will  keep  folly  saturated  the  whole  of  too 
liquor,  and  keep  it  so  as  long  as  the  lumps  remain  undissolvedi 


CUR 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


C U S 


209 


The  solidity  of  these  lumps  admit  or  their  being  applied  several 
times,  or  as  often  as  the  vessels  ate  replenished  with  fish.  The 
fish  are  to  remain  thus  immersed  in  the  liquor  for  live  or  six 
days,  when  they  may  be  taken  and  packed  in  Urge  grained 
salt,  as  usual.  Various  sorts  of  provisions  are  best  preserved 
by  this  process,  particularly  bacon,  which  is  not  so  liable  to 
become  rancid. 

CURRANTS,  the  fruit  of  a species  of  grossularia.  Tbe 
white  and  red  sorts  are  mostly  esteemed  ; the  black  are  em- 
ployed to  flavour  English  spirits,  and  counterfeit  Frcnek 
brandies.  The  jelly  is  reckoned  efficacious  in  sore  throats. 
Current*  also  signify  a small  kind  of  grapes  brought  from 
Zante  and  Ccphalonla. 

CURRENTS,  in  Navigation,  are  certain  settings  of  the 
stream,  by  which  ships  are  obliged  to  alter  their  course,  in 
order  to  arrive  at  the  destined  port.  The  setting  of  the  current 
is  that  point  of  the  compass  to  which  the  waters  run  ; and  tbe 
drift  of  the  cun-ent  is  the  rate  it  runs  per  hour.  For  the 
method  of  determining  their  course  and  drift,  see  Robertson’s 
44  Navigation,”  vol.  ii.  book  7,  sect  »,  where  the  sailing  in 
currents  is  largely  exemplified. 

CURRYING,  the  method  of  preparing  leather  with  oil,  tal- 
low, &c.  The  skins  when  they  come  from  tbe  tanner  are 
soaked  in  water ; then  stretched  on  a wooden  horse,  and  being 
well  scraped  are  put  to  soak  again.  While  wet  they  arc  placed 
on  a hurdle  and  trampled  upon,  to  make  them  soft  and  pliant, 
fa  the  next  place  they  are  soaked  in  train  oil,  and  when  taken 
out  are  fastened  to  large  tables.  Then  tbe  currier  with  an  in- 
strument called  a pummel,  which  is  a thick  piece  of  wood, 
having  the  under  side  full  of  furrows  crossing  each  other,  folds, 
squeezes,  and  moves  them  backwards  and  forwards  under  the 
teeth  of  the  instrument,  to  break  their  stiffness.  This  last  is 
called  currying : after  which  operation  the  skins  are  either 
coloured  or  made  white.  This  Inst  is  done  by  rubbing  them 
with  chalk  or  white  lead,  and  afterwards  with  pumice-stone. 
When  a skin  is  to  be  made  black,  after  it  is  oiled  and  dried, 
tbe  currier  passes  over  it  a puff  dipt  in  water  impregnated  with 
iron  ; he  next  gives  it  another  wetting  with  a water  prepared 
with  soot,  vinegar,  and  gum-arabic.  This  last  operation  is 
repeated  till  the  skin  is  of  a shining  black. 

CURSITOR,  an  officer  belonging  to  tbe  chancery,  wbo 
makes  out  the  original  writs.  There  are  twenty-four  cursltors 
allotted  to  several  counties. 

CURSOR,  a Runner,  or  Messenger,  a small  sliding  piece  of 
brass,  in  some  mathematical  instruments,  as  tbe  piece  of  an 
equiuoxial  ring-dial,  which  slides  to  the  day  of  the  month,  tbe 
point  that  slides  along  the  beam  compass,  do. 

CURTAIN,  or  Curtin,  in  Fortification,  that  part  of  tbe  ram- 
part of  a place  between  tbe  flanks  of  two  bastions,  bordered 
with  a parapet  five  feet  high,  behind  which  the  soldiers  stand 
to  lire  upon  the  covered  way  and  into  the  moat. 

CURTATE  Distance,  in  Astronomy,  is  the  distance  of  a pla- 
net’s place  from  the  sun  or  earth,  reduced  to  the  ecliptic  ; or, 
the  interval  between  tbe  snn  or  earth,  and  that  point  where  a 
perpendicular,  let  fall  from  the  planet,  meets  with  the  ecliptic. 

CURTATION,  is  the  interval  between  a planet's  distance 
from  the  sun,  and  the  curtate  distance. 

CURVATURE  of  a Line,  is  its  bending  or  flexure,  by 
which  it  becomes  a curve  of  any  particular  form  and  proper- 
ties. Thus,  the  nature  of  tire  curvature  of  the  circle  is  such, 
that  every  point  in  the  periphery  is  equally  distant  from  a point 
within  called  the  centre;  and  so  the  curvature  of  the  same 
circle  is  every  where  the  same,  but  the  curvature  of  all  other 
curves  is  continually  varying.  The  curvature  of  a circle  is  so 
much  the  more,  as  its  radius  is  less,  being  always  reciprocally 
as  the  radius  and  the  curvature  of  other  curves  is  measured 
by  the  reciprocal  of  the  radius  of  a circle,  having  the  same 
degree  of  curvature  as  any  curve  has,  at  some  certain  point. 
Every  curve  is  bent  from  its  tangent  by  its  enrvatarc,  the 
measure  of  which  is  the  same  as  that  of  the  angle  of  contact 
formed  hy  the  curve  and  tangent.  Now  the  same  tangent  is  in 
common  to  an  infinite  number  of  circles,  or  other  curves,  all 
touching  It  and  each  other  in  tbe  same  point  of  contact.  So 
that  any  corve  may  he  touched  by  an  infinite  number  of 
different  circles  at  the  samo  point ; and  some  of  these  circles 
fail  wholly  within  it,  being  more  curved,  or  having  a greater 


curvature  than  that  curve  ; while  others  fall  without  it  near  the 
point  of  contact,  or  between  tbe  curve  and  tangent  at  that 
point,  and  so  being  less  deflected  from  the  tangent  than  the 
curve  is,  they  have  a less  degree  of  curvature  there  ; conse- 
quently there  is  one,  of  this  infinite  number  of  circles,  which 
neither  falls  below  it  nor  above  it,  but,  being  equally  deflected 
from  the  tangent,  coincides  with  it  most  intimately  of  all  tbe 
circles ; and  the  radius  of  this  circle  is  called  the  radius 
of  curvature  of  the  curve ; also  the  circle  itself  is  called  the 
circle,  of  curvature,  or  the  nsculatory  circle,  of  that  curve, 
because  it  touches  it  so  closely  that  no  other  elide  can  bo 
diawn  between  it  and  the  curve. 

CURVE,  in  Geometry,  is  a line,  the  several  parts  of  which 
proceed  in  different  directions,  and  are  successively  posited 
towards  different  points  in  space. 

A plan e Curve,  is  that  of  which  the  several  points  in  it  lie  in 
the  same  plane ; and  when  this  is  not  the  case,  the  curve  is 
said  to  bo  one  of  double  curvature. 

Curve  Lines  are  distinguished  into  algebraical  or  geometri- 
cal, and  transcendental  or  mechanical.  Algebraical  or  Greiwe- 
trieal  Cunves,  are  those  in  which  the  relation  of  the  abscisses 
to  the  ordiuates  can  be  expressed  by  a common  algebraical 
expression.  Transcendental  or  Mechanical  Curves,  arr  such 
as  cannot  be  denned  or  expressed  by  an  algebraical  equation ; 
or  when  they  arc  expressed  by  an  equation,  one  of  its  terms  is 
a variable  quantity,  or  a curve  line. 

Familg  or  Curves,  is  an  assemblage  of  several  curves  of 
different  kinds,  all  defined  by  the  same  equation  of  an  indeter- 
minate degree ; bat  differently,  according  to  the  diversity  of 
tbeir  kind. 

Curve  of  Double  Curvature , is  used  to  denote  the  curve- 
line,  ah  tbe  parts  of  which  are  not  situated  in  the  same 
plane,  A curve  which  oau  only  be  traced  upon  a curve  sur- 
face, and  not  upon  a plane  surface,  is  called  a curve  of 
a double  curvature.  These  kinds  of  curves  mav  he  consi- 
dered as  generated  by  tbe  track  of  a point  which  is  moved 
upon  a carve  surface,  the  direction  of  its  motion  being  con- 
tinually deflected  either  towards  the  right,  or  towards  the  ?elt 
band  ; thus  it  happens  that  tbe  line  so  described  is  curved, 
in  two  senses  ; for  in  effect,  is  partakes  of  the  curvature  of  the 
curve  surfaces,  and  of  the  continual  and  successive  deflections 
of  the  describing  point.  Two  curve  surfaces  which  mutually 
penetrate  each  other,  form  also,  in  general,  by  their  intersec- 
tion, a carve  of  doable  carvatare.  Such,  for  example,  is  tho 
curve  which  is  formed  by  the  mutual  penetration  of  a right 
cylinder  and  a sphere,  supposing  that  the  axis  of  the  cylinder 
docs  not  pass  through  the  centre  of  the  sphere.  We  have  said 
in  general,  for  It  may  happen  on  account  of  particular  circum- 
stances, that  the  intersections  of  two  curve  surfaces  is  a plane 
curve.  Thus,  in  the  preceding  example,  if  the  axis  of  the 
cylinder  passed  through  the  centre  of  the  sphere,  the  curve  of 
intersection  would  be  the  common  circle.  Ingenious  disquisi- 
tions on  curves  of  double  curvatnre,  have  been  given  by  Euler 
and  La  Croix. 

CURVILINEAR,  any  thing  relating  to  curves,  as  curvilinear 
angle,  figure,  surface,  &c.  being  such  as  are  formed  or  bounded 
by  carves. 

CUSCUTA,  Dodder,  a genus  of  the  digynia  order,  in  the 
tetrandria  class  of  plants,  ranking  in  the  natural  method  under 
the  dubious  order.  There  are  four  species,  one  of  which  is  a 
native  of  Britain,  viz.  The  Europaaa,  dodder,  hell-weed,  or 
devil’s  guts ; a singular  plant,  almost  destitute  of  leaves,  creep- 
ing and  fastening  on  whatever  is  next  to  it.  It  decays  at  tbe 
root,  and  afterwards  is  nourished  by  the  plant  to  which  it  ad- 
heres. Hops,  flax,  and  nettles  are  its  common  supporters. 

CUSP,  Cuspis,  in  Astronomy,  properly  denotes  the  point  of 
a spear,  but  is  used  to  express  the  points  or  horns  of  the  moon, 
or  other  luminary. 

Cusp,  in  Geometry,  » used  for  tbe  point,  or  corner,  formed 
by  two  parts  of  a curve  meeting  and  terminating  there. 

CUSTOM,  a law,  not  written,  which  from  long  usage  and  con- 
sent becomes  a matter  of  right.  It  is  either  general  or  parti- 
cular; the  first  when  allowed  throughout  England ; particular 
when  confined  to  a particular  district. 

Custom  is  also  a very  comprehensive  term,  denoting  tbo 
manners,  ceremonies,  and  fashions  of  a pcoplo,  which  having 
3ll 
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turned  into  n habit,  and  passed  into  use,  obtains  the  force  of 
Inws;  in  which  sense  it  implies  such  usages  as,  though  volun- 
tary at  first,  are  yet,  by  practice,  become  necessary.  Custom 
is  hence  defined,  a law  not  written,  but  established  by  long 
usage,  and  the  consent  of  our  ancestors;  in  which  sense  it 
stands  opposed  to  the  written  law.  All  customs  ought  to  have 
a reasonable  commencement,  be  certain,  not  ambiguous,  have 
had  uninterrupted  continuance,  aud  not  be  against  the  king’s 
prerogative. 

Custom  of  London:  it  is  a custom  of  London,  that  where  a 
person  is  educated  in  one  trade,  he  may  set  up  another  ; that 
where  a woman  uses  a trade  without  her  husband,  she  is 
cluirgrahle  alone,  as  a femme  sole  merchant,  and.  if  condemned, 
she  lie  put  in  prison  till  she  pays  the  debt ; likewise  the  bail  for 
her  arc  liable  if  she  absent  herself,  and  the  husband,  in  these 
cases,  shall  not  lie  charged.  If  a debtor  be  a fugitive,  by  the 
custom  of  London  he  may  be  arrested  before  the  day.  in  order 
to  find  better  security,  &c.  These  are  customs  of  Loudon, 
different  from  those  of  other  places. 

CUSTOM  of  Men !,nni t : if  a merchant  gives  a character  of  a 
stranger  to  one  who  sells  him  goods,  he  may  be  obliged  to 
satisfy  the  debt  of  the  stringer  for  the  goods  sold,  by  the  cus- 
tom of  merchants.  And  when  two  persons  arc  found  in  arrears, 
upon  an  account  grounded  on  the  custom  of  mcrchaots,  either 
of  them  may  be  charged  to  pay  the  whole  sum  due,  &c. 
Various  other  eases  depend  on  what  is  understood  as  the  usual 
custom  of  commercial  men. 

CUSTOMS,  in  Commerce,  the  duties  or  taxes  payable  upon 
the  importation  or  exportation  of  merchandise.  They  appear 
to  have  been  originally  levied  to  reimburse  the  sovereign  for 
the  expense  he  incurred  in  protecting  foreign  trade,  and  were 
considered  as  taxes  upon  the  profits  of  the  merchants,  being 
imposed  equally  upon  all  aorta  of  goods,  necessaries  as  well  as 
luxuries. 

CUSTOS  BREVIUM,  the  principal  clerk  in  the  Court  of 
Common  Picas,  who  keeps  all  the  writs  made  returnable  in 
that  court,  and  makes  entries  of  writs  of  covenant,  8tc. 

CUSTOS  MESSIUM.  Monsieur  de  la  Laode  introduced 
this  aatcrism  in  honour  of  the  celebrated  astronomer  Messier, 
and  in  allusion  to  his  name  it  has  been  called  the  Gumrdian  of 
the  Harvests. — The  boundaries  and  contents  are : south  by 
Cassiopeia,  east  by  Ccpheus,  north  by  Tarandus,  and  west  by 
Camelopardalis.  Right  ascension  .15°,  and  68°  declination 
north.  The  stars,  about  ten  in  number,  arc  mostly  invisible  to 
the  naked  eye. 

CUSTOS  ROTULORUM.  an  officer  who  has  the  care  of  the 
rolls  and  records  of  the  sessions  of  peace,  also  of  the  commis- 
sion of  the  peace. 

CUT- WATER,  in  a ship,  is  the  sharp  part  of  the  head  under 
the  beak  or  figure. 

CUTICULA,  in  Anatomy,  a thin  membrane  close  upon  the 
skin  or  cutis,  of  which  it  seems  to  be  a part,  and  to  which  it 
firmly  adheres  by  the  corpus  reticulnrc. 

CUTIS,  in  Anatomy,  the  skin,  that  strong  covering  which 
envelopes  the  whole  surface  of  anionAls,  and  which  consists 
chiefly  of  two  parts,  a thin  white  elastic  layer  on  the  outside 
called  the  epidermis  or  cuticle ; and  a thick  one  composed  of 
many  fibres  closely  interwoven  and  disposed  in  different  direc- 
tions, called  the  rulis  or  true  skid. 

CUTLERY,  in  the  general  sense  comprises  all  those  at  tides 
denominated  edge-tools,  but  it  is  more  particularly  confined  to 
tbe  manufacture  of  knives,  forks,  scissars,  penknives,  razors, 
swords,  and  surgical  instruments. 

CUTTER,  a sloop-rigged  vessel  built  sharp  for  sailing; 
generally  used  in  smuggling,  or  in  the  navy  to  watch  the  coast, 
aod  to  look  after  vessels  engaged  in  contraband  trade. 

CYCAS,  a genus  of  plants  belonging  to  the  first  natural 
order  palmar.  The  fruit  is  a dry  plum  with  a bivalve  kernel. 
There  are  two  species ; 1.  The  circinnlis  or  sago  tree,  which 
grows  in  the  East  Indies,  particularly  on  the  coast  of  Malabar. 
It  rises  to  the  height  of  forty  feet,  and  the  leaves  are  seven  or 
eight  feet  long.  The  flowers  grow  in  long  bunches  at  the  foot- 
stalks of  the  leaves,  and  arc  succeeded  by  ovnl  fruit,  about  the 
size  of  large  plums,  of  a red  colour  when  ripe,  and  of  a sweet 
taste.  Each  contains  a nut  enclosing  a white  kernel  which 
tastes  like  tbe  chestnut.  Tho  inhabitants  of  India  saw  the 


body  of  the  tree  into  pieces,  then  beat  them  into  a mortar  and 
pour  water  upon  it.  When  strained,  a fine  tnealy  substance 
comes  off,  which  is  made  into  hread.  The  same  meal  finely 
powdered  is  made  into  sago.  *2.  The  eyas  revoluta,  or  bread 
tree  of  the  Hottentots,  discovered  by  Thunberg,  has  a pith 
which  abounds  in  the  trunk,  and  is  collected  and  lied  up  in 
skins,  and  hurird  some  weeks  till  it  is  tender  enough  to  be 
kneaded,  and  then  it  is  made  into  loaves  of  frumenty. 

CYCLE,  a certain  period  nr  aeries  of  numbers,  proceeding 
orderly  from  first  to  last,  then  reluming  again  to  the  first,  and 
so  circulating  perpetually.  Cycles  have  chiefly  arisen  from  the 
incommensurability  of  the  revolutions  of  the  earth  aud  celestial 
bodies  to  one  another.  The  apparent  revolution  of  the  sun 
about  the  earth,  has  been  arbitrarily  divided  into  *14  hours, 
which  is  the  basis  or  foundation  of  all  our  mensuration  of  time, 
whether  days,  years, ite.  But  neither  the  annual  motion  of  the 
sun,  nor  that  of  the  other  heavenly  bodies,  can  be  measured 
exactly.  And  without  any  remainder,  by  hours,  or  their  multiples. 
That  of  the  sun,  foi  example,  is  935  days,  5 hours,  49  minutes, 
nearly  ; that  of  the  moon,  ‘20  days,  1*2  hours,  -11  minutes,  nearly. 
Hence,  in  order  to  express  these  fractions  in  whole  numbers, 
and  yet  in  numbers  which  only  express  days  and  years,  cycles 
have  been  invented  ; which, comprehending  several  revolutions 
of  the  same  body,  replace  it,  after  a certain  number  of  years,  in 
the  same  points  of  the  heaven  whence  it  first  departed ; or,  which 
is  the  same  thing,  in  the  same  place  of  the  civil  calendar. 

The  most  rematkable  of  these  are  the  following:— The  Cycle 
of  the  Sun,  or  Solar  Cycle,  is  a revolution  of  28  years,  in  which 
time  the  days  of  tbe  mouths  return  again  to  the  same  days  of 
the  week  ; the  sun’s  place  to  the  same  signs  and  degrees  of  the 
ecliptic  on  the  same  month  and  days,  so  as  not  to  differ  one 
degree  in  100  years ; and  the  leap-years  begin  the  same  coarse 
over  agsia,  with  respect  to  tbe  days  of  the  week  on  which  the 
days  of  the  month  fall.  The  Cycle  of  the  Moon,  commonly  called 
tbe  Golden  Number,  is  a revolution  of  19  years;  in  which  time 
tbe  conjunctions,  oppositions,  and  other  aspects  of  the  moon, 
are  within  an  hour  and  u half  of  bring  tbe  same  as  they  were 
on  tbe  same  days  of  the  months  10  years  before.  Tho  Indio- 
tion  is  a revolution  of  15  years,  used  only  by  the  Romans,  for 
indicating  the  times  of  certain  payments,  made  by  the  subjects 
to  the  republic.  It  was  established  by  Constantine,  A.  D.  312. 

The  year  of  our  Saviour’s  birth,  according  to  the  vulgar  «*ra, 
was  the  ninth  year  of  the  solar  cycle,  the  first  year  of  the  lunar 
cycle;  and  tho  312th  year  after  his  birth,  was  the  first  year 
after  the  Roman  Infliction.  Hence,  to  find  the  year  of  the  Solar 
Cycle,  add  0 to  any  given  year  of  Christ,  and  divide  the  sum 
by  28,  the  quotient  is  tho  number  of  cycles  elapsed  since  his 
birth,  and  the  remainder  is  the  cycle  for  tbe  given  year:  if 
nothing  remains,  the  cycle  is  28. 

To  find  the  Lunar  tyr/c.— Add  one  to  the  given  ycarof  Christ, 
nnd  divide  the  sum  by  19;  tbe  quotient  is  the  number  of  cycles 
elapsed  in  the  interval,  and  the  remainder  is  the  cycle  for  the 
given  year:  if  nothing  remains,  the  cycle  is  19.  Lastly,  subtract 
312  from  the  given  year  of  Christ,  aud  divide  tbe  remainder  by 
15,  and  what  remains,  after  this  division,  is  the  Indictioo  fur 
tbe  given  year : if  nothing  remains,  the  Indiclion  is  15. 

The  Cycle  of  Raster,  also  called  the  Dionysian  Period,  is  a 
revolution  of  532  years;  found  by  multiplying  the  solar  cycle 
2B,  by  the  lunar  cycle  10.  If  the  new  moons  did  not  anticipate 
upon  this  cycle,  Easler-day  would  always  be  the  Sunday  next 
after  the  full  moon  which  follows  tiic  twenty-first  of  March  • 
but,  on  account  of  the  above  anticipation,  to  which  no  proper 
regard  was  had  before  the  late  alteration  of  tho  style,  the  eccle- 
siastic Easter  has  several  times  been  a week  different  from  the 
true  Easter,  within  this  last  century ; which  inconvenience  is 
now  remedied  by  making  the  table,  which  used  to  find  Easter 
for  ever,  in  the  Common  Prayer  Book,  of  no  longer  use  than 
tho  lunar  difference  from  the  new  style  will  admit  of.  The  ear- 
liest Easter  possible,  is  the  23d  of  M arch ; the  latest,  the  25th  of 
April.  Within  these  limits  are  thirty-five  days,  and  the  number 
belonging  to  each  of  them  is  called  the  Number  of  Direction ; 
because,  thereby,  the  time  of  Easter  Is  found  for  any  given 
year. 

CYCLOGRAPH,  an  instrument,  as  its  name  imports,  used 
for  describing  the  ares  of  circles,  in  some  cases  where  com- 
passes cannot  be  employed. 
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The  most  simple  cyclo- 
graph,  next  to  the  oom- 
passes,  is  that  commonly 
used  by  artificers  in  de- 
scribing  arches  for  the 
tops  of  doors,  windows, 
itc.  DCE  represent  two 
rods,  forming  any  determined  angle  at  C ; A and  D are  two 
fixed  pins  or  nails,  between  which  the  cyclograph  DCE  is 
made  to  move,  keeping  both  legs  in  constant  contact  with  those 
points  ; so  will  the  angle  C describe  the  arch  of  a circle,  as  is 
obvious,  because  all  angles  in  tbe  same  segments  are  equal  to 
each  other  ; and,  therefore,  conversely,  if  tbe  angles  be  equal, 
the  curve  is  the  are  of  a circle. 

CYCLOID,  (iu  Geometry,)  or  Tkochoid,  a mechanical 
or  transcendental  curve,  possessing  several  very  curious 
properties,  the  generation  of  which  will  be  understood  from 
tbe  following  figure.  Con- 
ceive the  circle  E P E to 
rotate  along  the  right  lino 
A B,  in  the  same  plane  with 
tbccirclc.untilafixcd  point 
P in  the  circumference, 
which  at  first  touched  the 
right  line  at  A,  touches  it 
again  at  B,  after  an  entire 
revolution  ; then  the  curve 
A C B,  traced  upon  the 
plane  by  the  point  P,  is 
called  a cycloid. 

The  line  A B is  called  the 
bate,  and  D C the  axis  of 
the  cycloid  ; and  the  circle 
EPK  the  generating  circle. 

If  the  point  P he  without 
the  circumference  of  the 
generating  circle,  then  the 
curvo  described  by  that 
point  is  properly  called  a 
trochoid,  but  commonly  also 
a curtate  cycloid. 

And  if  the  point  P be 
within  the  circumference 
of  the  generating  circle, 
then  the  carve  is  called  the 
prolate  cycloid. 

If  the  generating  circle,  iustcad  of  revolving  along  a right 
line,  as  in  flic  above  figures,  is  made  to  revolve  along  either  the 
concave  or  convex  circumference  of  another  circle,  then  tbe 
curve  so  generated  is  called  an  Epicycloid  ; the  principal  pro- 
perties of  which  will  be  found  under  that  article.  The  cycloid 
is  a modern  curve,  the  invention  of  which  has  been  attributed 
to  Bovillus,  who  wrote  abont  tbe  year  1501. 

Wc  cannot,  in  this  place,  enter  into  an  investigation  of  tho 
several  curious  properties  which  belong  exclusively  to  the  cy- 
cloid, as  this  would  occupy  much  more  space  than  can  with 
propriety  be  allotted  to  this  article ; we  must,  therefore,  con- 
tent ourselves  with  enumerating  tho  principal  of  them. 

Properties  of  the  Cycloid. — Draw  any  right  ordinate  FOH, 
fig.  1.  above,  join  CO,  and  from  II  draw  HI  parallel  to  CG, 
meeting  tbe  axis  D C produced  in  I.  Then,  I.  I H is  a tangent 
to  the  cycloid  at  the  point  H.  2 The  circular  are  C G is  equal 
to  the  right  line  H G.  3.  The  semi-circumference  C G D — semi- 
base  D U.  4.  The  cycloidal  arc  CH  = double  the  chord  C G, 
5.  Tbe  semi-cycloidal  arc  CB  = double  tho  diameter  C D.  6, 
The  area  of  the  cycloid  A C B A “ triple  the  area  of  tho  circle 
C O D.  7.  The  three  spaces  A C D,  the  circle  C G D,  and 
C B J>,  are  equal  to  each  other.  8.  The  upper  segment  of  a 
cycloid  out  off  by  a line  parallel  to  the  base,  at  \ of  tho  axis 
from  tho  vertex,  is  equal  to  the  regular  hexagon  inscribed  in 
the  generating  circle.  0.  The  solid  generated  by  the  revolution 
of  the  cycloid  about  its  hose  A B,  is,  U>  its  circumscribing  cylin- 
der, as  5 to  8.  10.  Tho  solid  generated  about  the  tangeot  pa- 

rallel to  the  base,  is,  to  its  circumscribing  cylinder,  as  7 to  8. 
11.  And  the  solid  generated  about  the  tangent  parallel'to  the 
axis,  is,  to  its  circumscribing  cylinder,  as  (J  to  8. 


CYCLOPTERUS.  the  Sucker,  * genus  of  fishes  belonging  to 
the  order  of  amphibia  nantes,  of  which  there  are  three  species, 
1.  The  lumpus  or  lump  fish,  is  in  length  nineteen  inches,  and 
weighs  seven  pounds.  These  fish  abound  in  the  Greenland 
seas,  and  on  the  coast  of  Scotland.  2.  The  liparis  or  sea  snail, 
of  a soft  unctuous  texture,  and  soon  melts  away,  is  in  length 
five  inches,  and  the  colour  a pale  brown.  3.  Cyclopterus  minor, 
or  tlic  lesser  sucking  fish,  is  found  on  the  coast  of  Britain.  It 
is  about  four  inches,  and  fastens  very  tenaciously  to  stones 
and  rocks. 

CYDER.  Wc  have  already  treated  of  CiDea,  and  as  the 
two  inodes  or  spelling  this  word  frequently  occur,  we  have  taken 
leave,  under  the  present  orthography,  to  insert  some  directions 
which  may  prove  useful,  in  those  families  and  countries  where 
cyder  is  a common  drink.  Let  your  fruit  be  as  near  the  same 
ripeness  as  possible,  otherwise  the  juice  will  not  agree  in  fer- 
menting. When  they  are  properly  sweated,  grind  and  press 
them;  and  as  soon  as  you  have  filled  a cask,  if  a hogshead, 
which  is  one  hundred  and  ten  gallons,  ferment  it  as  follows; 
and  if  less,  proportion  the  ingredients  to  your  quantity. 

A Ferment  for  Cyder. — To  one  hogshead  of  cyder,  take  three 
pints  of  solid  yeast,  the  mildest  you  can  get;  if  rough,  wash  it 
in  warm  water,  and  let  it  stand  till  it  is  cold.  Pour  the  water 
from  it,  and  put  it  iu  a pail  or  can;  put  to  it  as  much  jalap  as 
will  lay  on  a sixpence,  bent  them  well  together  with  a whisk, 
then  apply  some  of  the  cyder  to  it  by  degrees  till  your  can  is 
full.  Put  it  all  to  the  cyder,  and  stir  it  well  together.  When 
the  ferment  comes  on  you  must  clean  tbe  bung-holes  every 
morning  with  your  finger,  and  keep  filling  the  vessel  up.  The 
ferment  for  the  first  five  or  six  days  will  be  black  and  stiff;  let 
it  stand  till  it  ferments  white  and  kind,  which  it  will  do  in  four- 
teen or  fifteen  days;  at  that  time  stop  the  ferment,  otherwise  it 
will  impair  its  strength. 

To  stop  the  Ferment.— In  stopping  this  ferment,  which  is  a very 
strong  one,  you  mast  first  rack  it  into  a clean  cask,  and  when 
pretty  near  full,  put  to  it  three  pounds  of  coarse,  red,  show  er- 
ing sand,  and  stir  it  well  together  with  a strong  slick,  and  fill 
it  within  a gallon  of  being  full;  let  it  stand  five  or  six  hours, 
then  pour  on  it  as  softly  as  you  can  a gallon  of  English  spirit, 
and  bung  it  up  close;  but  leave  out  the  vent-peg  a day  or  two. 
At  that  time  just  put  it  in  Die  hole,  and  close  it  by  degrees  till 
you  have  got  it  close.  Let  it  lay  in  that  state  at  least  a year; 
and  if  very  strong  cyder,  such  as  slirc,  the  longer  you  keep  it 
the  better  it  will  be  in  tbe  body ; and  when  you  pierce  it,  if  not 
bright,  force  it  in  tbe  following  manner. 

A Forcing  for  Cyder.— Take  a gallon  of  perry  or  stale  beer, 
put  to  it  one  oancc  of  isinglass,  beat  well,  and  cut  or  pulled  to 
small  pieces;  put  to  it  the  perry  or  beer,  and  let  it  steep  three 
or  four  days.  Keep  whisking  it  together,  or  else  the  glass  will 
stick  to  the  bottom,  and  have  no  effect  on  the  liquor.  When  it 
comes  to  a stiff  jelly,  beat  it  well  in  your  ran  with  a whisk,  and 
mix  some  of  the  cyder  with  it  till  you  have  made  the  gallon 
fonr;  then  put  two  pounds  of  brick  rubbings  to  it,  and  stir  it 
together  with  two  gallons  of  evder  more  added  to  it,  and  apply 
it  to  tbe  hogshead;  stir  it  well  with  your  paddle,  and  shive  it 
op  close.  The  next  day  give  it  vent,  and  you  will  find  it  fine 
and  bright.  If  you  force  perry,  cut  your  isinglass  with  cyder  or 
stale  beer,  for  no  liquor  will  force  its  own  body. 

To  cure  Acid  Cyder. — It  is  always  to  be  observed,  that  even 
weak  alkaliet  core  the  strongest  acid,  such,  for  instance,  as 
calcined  chalk,  calcined  oyster  or  scallop-shells,  calcined  egg- 
shells, alabaster,  Stc.  But  if  a hogshead  can  soon  be  drank, 
use  a stronger  alkali,  such  as  salt  of  tartar,  or  salt  of  wormwood ; 
but  in  using  them  you  must  always  preserve  their  colour  with  lac, 
or  else  the  alkali  will  turn  the  liquor  black,  and  keep  it  foul. 

To  one  hogshead,  take  two  gallons  of  lac*,  and  put  to  it  one 
ounce  and  a half  of  isinglass,  beat  well,  and  pulled  small;  boil 
them  together  for  five  or  six  minotes;  strain  it,  and  when  a 
stiff  jelly,  break  it  with  a whisk,  and  mix  abont  a gallon  of  the 
cyder  wtb  it;  then  put  three  pounds  of  calcined  chalk,  and  two 
pounds  of  calcined  oyster-shells  to  it,  whisk  it  well  together 
with  four  gallons  more  of  the  cyder,  and  apply  it  to  the  hogs- 
head. Stir  it  well,  and  it  will  immediately  discharge  the  acid 
part  out  at  the  bung.  Let  it  stand  ono  hour,  then  bung  it  close 


* Lac  is  Bilk,  bat  l he  crown  nail  be  ikimmvd  off  it  for  cm. 
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for  fire  or  six  days ; rack  it  from  the  bottom  into  a clean  hogs- 
head. and  apply  one  quart  of  forcing  to  it.  If  you  use  a strong 
alkali,  put  to  the  lac  four  ounces  of  salt  of  tartar,  or  aaltof  worm- 
wood; but  the  former  ii  best,  as  it  hath  not  the  bitter  taste  in  it 
which  the  wormwood  has. 

To  euro  Oily  Cyder . — The  reason  that  cyder  is  sometimes  oily, 
»s  owing  to  the  fruit  not  being  sorted  alike ; for  the  juirc  of  fruit 
that  is  not  ripe  will  seldom  mix  with  ripe  juice  in  fermentation. 
The  acid  part  of  one  will  predominate  over  tho  other,  and  throw 
the  oily  particles  from  it,  which  separation  gives  the  liquor  a 
disagreeable,  foul  taste;  to  remedy  which,  you  must  treat  it  in 
the  following  manner,  which  will  cause  the  oily  parts  to  swim  at 
top,  and  then  you  may  rack  the  liquor  from  its  bottom  and  oil. 

To  a hogshead,  take  an  ounce  of  salt  of  tartar,  and  two 
ounces  of  half  sweet  spirit  of  nitre,  mix  them  in  a gallon  of  lac, 
and  whisk  them  well  together;  apply  it  to  the  hogshead,  bung 
it  up,  and  let  it  stand  ten  or  fifteen  days ; then  put  a cock 
within  two  inches  of  the  bottom  of  the  hogshead,  and  rack  it. 

Observe  when  it  runs  low  to  look  to  the  cock,  lest  any  of  the 
oily  part  should  come,  which  will  be  all  on  the  top,  and  will  not 
ran  out  till  after  the  good  liquor  is  drawn  off. 

Put  to  the  clean  a quart  of  forcing,  to  raise  it,  and  bong  it 
close. — When  you  take  out  the  oil  and  bottom,  your  cask  must 
be  well  fired,  otherwise  it  will  spoil  all  Lhc  liquor  that  shall  be 
afterwards  put  into  it. 

For  Ropy  Cyder. — The  following  remedy  for  ropy  cyder  must 
be  proportioned  with  judgment  to  the  degree  of  the  disorder  in 
the  liquor.  If  the  rope  be  stiff  and  stringy,  you  must  use  a 
larger  quantity  of  the  ingredients. 

If  a hogshead  be  quite  stiff  and  stringy,  work  it  at  least  au 
hour  with  your  paddle,  then  put  to  it  six  pounds  of  common  i 
alum,  ground  to  a fine  powder;  work  it  for  half  an  hour  after, 
and  hung  it  up  close.  This  in  a week  will  cot  the  rope,  and 
bring  it  to  a fine,  thin,  fluid  state.  Then  rack  it  into  a clean 
hogshead,  and  put  to  it  one  quart  of  forcing;  stir  them  well  in 
the  hogshead,  and  bung  it  close  up.  If  but  a thin  rope,  use  u 
less  quantity  of  the  alnm,  and  work  it  the  same  way. 

Cyders  bad-flavoured. — Home  cyders  In  keeping  are  apt  to 
get  reasty,  through  the  ill  quality  of  the  fruit;  and  sometimes 
through  the  badness  of  the  cask  will  get  musty,  or  fusty. 

To  remedy  these  evils,  you  must  throw  it  in  ferment,  if  its 
body  is  strong,  with  veast  and  jalap,  and  let  it  ferment  three  or 
four  days;  which  will  throw  off  the  greatest  part  of  the  taste; 
then  stop  the  ferment.  If  a hogshead,  put  to  it  one  pound  of 
■weet  spirit  of  nitre,  and  bang  it  up  close.  This  will  cure  the 
bad  flavour,  if  any  be  left,  and  likewise  keep  it  from  growing  flat. 

To  colour  Cyder.  In  many  places,  particularly  where  the  soil 
is  light,  and  the  orchard  lies  rising,  the  juice  of  the  fruit  is 
Dearly  white,  and  though  the  cyder  may  be  strong,  it  does  not 
appear  to  be  so  by  reason  of  its  colour,  which  always  preju- 
dices the  buyer  against  it. 

Many  people  spoil  a great  deal  of  good  cyder  by  boiling  and 
mixing  molasses  with  it,  to  give  it  a colour  which  not  only 
gives  it  a bad  red  colour,  but  makes  it  muddy  as  we  1 as  bad- 
tasted.  Others  again  will  boil  a large  quantity  of  brown  sugar, 
and  mix  with  it,  which  gives  it  a colour  indeed,  though  a light 
one;  when  two  pounds  of  good  sugar,  properly  used,  is  suffi- 
cient to  colour  ten  hogsheads,  as  follows: 

Take  two  pounds  of  powder  sugar,  the  whiter  the  sugar  the 
farther  it  will  go,  and  the  better  the  colour  will  be.  Pul  it  in 
an  iron  pot  or  ladle;  set  it  over  the  fire,  and  let  it  burn  till  it 
is  black  and  bitter;  then  put  two  quarts  of  boiling  hot  water 
to  It;  keep  stirring  it  about,  and  boil  it  a quarter  of  an  hour 
after  you  have  put  the  water  to  it.  Take  it  off  the  fire,  and  let 
it  stand  till  it  is  cold,  then  bottle  it  for  use. 

Half  a pint  of  this  will  colour  a hogshead.  Put  to  each  half- 
pint, when  you  use  it,  a quarter  of  an  ounce  of  alum  ground,  to 
set  the  colour. — See  Cider. 

CYDONI  A,  the  Quinee,  so  called  from  Cydon  in  Crete,  which 
abounds  with  this  fruit.  The  species  are,  1.  The  oblouga,  with 
an  oblong  fruit,  lengthened  at  the  bases.  2.  The  maiiforma 
with  oval  leaves,  woolly  on  the  upper  side.  The  most  valuable 
is  that  called  the  Portugal  quince,  the  pulp  of  which  turus  to  a 
fine  purple,  and  makes  a goad  marmalade. 

CYGNUS,  is  fabled  by  the  Greeks  to  be  the  Ami,  under  the 
form  of  which  Jupiter  deceived  Lcda  or  Nemesis,  the  wife  of 


Tyndarus,  king  of  Laconia.  Led  a was  the  mother  of  Pollux 
and  Helena,  the  most  beautiful  woman  of  her  age,  and  also  of 
Castor  and  Clytemnestra.  The  two. former  were  deemed  the 
offspring  of  Jupiter,  uid  the  others  claimed  Tyndarus  as  their 
father.  According  to  another  fable,  Orpheus,  the  celebrated 
musician  of  antiquity,  having  been  killed  by  the  cruel  priestess 
of  Bacchus,  the  gods  metamorphosed  him  into  a Swan,  and 
placed  him  among  the  stars  by  the  side  of  his  lyre. 

boundaries  and  Contents. — Cyguus  is  situated  in  the  Milky 
Way,  and  is  bounded  ou  the  north  by  Draco,  east  by  Lacrrta 
and  Pegasus,  south  by  Vulpecula  et  Anser,  and  west  by  Lyra. 
There  are  eighty-one  stars  in  this  constellation,  viz.  one  of  the 
1st  or  2d  magnitude,  six  of  the  3d.  twelve  of  the  4th,  Ac.  The 
most  brilliant  star  in  Cygnus  is  called  Deueb,  whoso  right 
ascension  is  306°  49*  Iff*,  and  its  dcsccnsion  44°  OS'  32*  north. 
Tho  greater  part  of  this  constellation  never  sets  in  lat.  51° 
north,  and  Deneb  culminates  at  London,  for  the  first  day  of 
every  month,  as  in  the  following  table:  Meridian  Altitude, 
83°  7'  32". 


Month. 
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Sept. 
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11  40  M. 

June 
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9 45  M. 

Jttlf 

1 65  M. 

Nor. 

(i  15  A. 

April 

7 45  M. 

Aug. 

11  60  A. 

Deo. 

4 15  A. 

CYLINDER,  is  a solid  having  two  equal  circular  ends 
parallel  to  each  other,  and  every  plane  section  parallel  to  the 
ends  is  also  a circle,  and  equal  to  them.  Cylinders  are  cither 
right  or  oblique. 

A Right  Cylinder,  is 
that  whoso  side  is  perpen- 
dicular to  the  plane  of  its 
base,  as  the  figure  A BCD 
fig.  1. 

An  Oblique  Cylinder, 
is  that  whose  aide  is  not 
perpendicular,  bat  oblique 
to  the  plane  of  its  base,  as 
L M N O,  fig.  2.  A right  cylinder  may  be  conceived  to  be 
generated  by  the  revolution  of  a rectangle,  as  PBDQ,  about 
ono  of  its  sides  P Q,  which  remains  fixed,  and  which  is  called 
the  axis  of  the  cylinder.  Or  wc  may  otherwise  conceive  it  to 
he  generated  by  carrying  a right  line  parallel  to  itself,  about 
the  circumferences  of  two  equal  and  parallel  circles  ; which 
answers  as  well  for  the  oblique,  as  for  the  right  cylinder. 

To i find  the  Surface  and  Solidity  of  a Cylinder , whether  right  or 
oblique.—  1.  Multiply  the  circumference  of  its  base  by  its  length, 
and  the  product  will  be  the  area.  2.  Multiply  the  area  of  its 
base  by  its  perpendicular  height,  and  the  product  will  be  the 
solidity. 

CYLINDR1C.  or  Cylindrical,  any  thing  relating  to  the 
cylinder.  Cylindric  Ring,  is  a solid  which  may  be  conceived, 
by  supposing  a cylinoer  to  be  bent  round  into  a circular  form, 
so  as  to  return  upon  itself. 

To  find  the  Surface  and  Solidity  of  a Circular  Ring.  — I . Multi- 
ply the  circumference  of  a perpendicular  section  of  the  ring, 
by  half  the  sum  of  the  inward  and  outward  diameters,  and  that 
product  again  by  3*1416,  and  the  last  product  will  be  the 
surface  of  the  ring.  2.  Multiply  the  area  of  a perpendicular 
section  by  the  same  quantities,  and  the  last  product  will  be  the 
solidity. 

CYMAT1UM,  in  Architecture,  a member  or  moulding  of  the 
cornice,  the  profile  of  which  is  concave  at  tho  tup  and  convex 
at  the  bottom. 

CYMBAL,  a musical  instrument  of  antiquity.  Ii  was  round, 
and  made  of  brass  like  our  kettle- drums,  but  smaller,  and 
applied  to  a different  use. 

CYNARA,  the  Artichoke , a genus  of  the  polygninm  icqualis 
order,  and  of  the  syngenesia  class  of  plants.  There  ate  faw 
species,  bat  only  two  are  cultivated  for  use.  The  garden  arti- 
choke, which  is  cither  the  conical  green-headed  Frnidi  arti- 
choke, or  the  globular-beaded  red  Dutch  artichoke ; and  the 
cardonn.  which  is  larger  than  the  preceding.  The  former  is 
propagated  by  slips  or  suckers,  and  the  latter  by  seed. 
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CYNICS,  a sect  of  anrtenl  philosophers,  who  valued  them- 
selves upon  their  contempt  of  riches  and  state,  arts  and  sci- 
ences. and  every  thing,  in  short,  except  virtue  or  morality. 

CYNIPS,  a genus  of  insects  of  the  order  of  hymmoptcra,  of 
a bright  brown  colour,  and  produced  in  the  hard  galls  under  the 
oak  leaves,  being  deposited  there  by  the  gall-fiy.  The  oak- 
bud  cynips  is  of  a shining  green  colour,  and  there  are  nineteen 
species  of  this  insect. 

CYPERCS,  a genns  of  the  motiogynia  order,  in  the  tri- 
andria  class  of  plants,  ranking  in  the  natural  method  under 
the  fid  order,  calamaritr,  of  which  there  are  fifty-three  species, 
the  principal  of  which  are  the  round,  the  long  sweet  cy perns, 
and  the  papyrus.  The  long  cyperus  is  used  by  perfumers  and 
glovers.  The  papyrus  is  celebrated  for  its  early  use  as  paper. 

CYPHER,  or  (Cipher.  To  write  in  cypher  denotes  the  art 
of  communicating  by  writing  in  such  a manner  as  shall  be 
Irgiblo  only  to  those  who  are  acquainted  with  the  rules  by 
which  the  characters  made  use  of  arc  formed  or  disposed.  It 
is  principally  used  in  diplomatic  correspondence,  or  on  other 
national  affairs,  such  as  those  relating  to  thr  operations  of  war. 
As  the  nature  of  alphabetic  writing,  and  the  structure  of  lan- 
guages, necessarily  imply  certain  indispensable  habitudes  of 
the  letters  and  words,  it  often  happens  that  the  laws  or  condi- 
tions made  use  of  for  the  sake  of  srerccy  ran  he  detected  by 
skilful  (versons,  and  the  secret  by  that  means  discovered.  The 
art  of  discovering  the  sense  of  writings  of  the  description  here 
mentioned,  is  called  decyphering. 

CYPRjEA,  or  Cowrie,  a genus  of  insects  of  the  order  of 
vermes  testacem.  It  is  of  the  snail  kind  ; and  there  are  forty- 
four  species,  distinguished  by  the  form  of  their  shells,  which 
arc  used  as  money  in  Bengal  and  on  the  coast  of  Guinea, 

CYPRESS.  See  Cuprrssus. 

CY  PRINUS,  a genus  of  Osbes  of  the  order  of  abdomtnales,  of 


which  there  are  thirty-one  species,  as,  1.  The  carp,  found  in 
the  rivers  and  lakes  of  Polish  Prussia.  &-C.  Carp  is  a long- 
lived  lish,  and  instances  are  related  of  some  tl<at  have  attained 
the  age  of  100  years.  The  carp  is  very  cunning,  and  on  that 
account  is  called  the  river  fox.  It  is  very  shy  in  takiug  a bait, 
hut  in  spawning  time  it  is  easily  caught.  In  Prussia,  carp  are 
oftrn  kept  some  time  out  of  water,  and  grow  fat  in  their  new 
element  They  are  suspended  in  a net  in  a cellar,  and  plunged 
in  water  every  four  or  six  hours.  2.  The  barbel,  a coarse  fish, 
whose  roe  is  so  nuxious  as  to  produce  vomiting,  purging,  and  a 
swelling  in  those  who  unwarily  cat  of  it.  The  barbel  is  about 
three  feet  long,  and  the  dorsal  tin  is  armed  with  a strong  spine, 
with  which  it  inflicts  a dangerous  wound.  3.  The  tench, 
reckoned  a delicious  food  in  this  country,  weighs  generally  4 
or  5lbs.  and  is  thick  and  short.  The  colour  of  the  back  is 
dusky,  but  the  head,  sides,  and  belly  are  greenish  with  a mix- 
ture of  gold.  4.  The  gudgeon,  found  In  gentle  streams,  seldom 
weighs  more  than  half  a pound.  A.  The  bream,  which  inhabits 
lakes  or  the  deep  parts  of  still  rivers,  is  an  insipid  fi*h.  fi.  The 
roach  is  a common  river  Gsh.  never  exceeding  five  pounds.  7. 
The  dace,  also  common,  and  a great  breeder,  is  often  seen  in  ths 
summer  frolicking  on  the  water.  The  general  weight  is  less 
than  2lhs.  8.  The  crphalus  or  chub,  is  a coarse  bony  fish,  that 
frequents  the  deep  holes  of  rivers.  9.  The  bleak,  is  common  in 
many  rivers.  At  some  seasons  they  are  so  much  agitated  as  to 
be  called  mad  bleak  by  the  fishermen.  It  is  supposed  that  this 
is  occasioned  by  a hair-worm,  which  attacks  them,  and  of 
which  they  die.  Artificial  pearls  are  made  of  the  scales  of  this 
fish,  and  also  of  those  of  the  dace.  The  usual  length  of  the 
bleak  is  two  inches.  10.  The  gold  fish,  a small  beautiful  spe- 
cies, domesticated  in  Chinn,  and  much  valued  as  an  ornament 
for  courts  and  gardens.  The  pold  and  silver  fish  were  intro- 
duced into  England  general ly  in  1723. 


D. 

DAM  DAY 


D.  the  fourth  Letter  of  the  Alphabet,  and  as  a numeral 
denoting  500,  with  a dash  over  it,  fj  5000.  In  abbreviation  it 
has  various  significations,  as  D.  1).  doctor  in  divinity;  M.  I). 
doctor  in  medicine.  In  Music,  D marks  in  thorough  bass 
what  the  Italians  call  desoanto,  denoting  that  the  treble  ought 
to  play  alone,  as  T does  the  tenor,  and  U the  bass.  D C means 
the  abbreviation  of  de  capo,  or  from  the  bead. 

D.EMON,  a name  given  to  certain  spirits,  or  genii,  which, 
it  is  said,  appeared  to  men. 

DAIRY,  in  rural  affairs,  a place  appointed  for  the  manage- 
ment of  milk,  and  the  making  of  butter,  cheese,  &c.  Dairy- 
houses  are  to  be  kept  perfectly  clean  ; and  lattices  are  to  be 
preferred  to  windows;  and  if  their  situation  oan  be  fixed 
beside  a spring  or  current  of  water,  it  is  to  be  preferred.  The 
proper  receptacles  for  milk  are  earthen  pans,  or  wooden  vats, 
and  lead  should  not  be  used  on  any  account,  as  it  is  highly 
poisonous,  unless  the  greatest  care  be  used  to  scald  it  daily. 

DAMAGE,  in  Law,  is  generally  understood  of  a hurt  or 
hinderancc  attending  a person’s  estate  ; but  in  Common  Law.it 
is  a part  of  what  the  jury  are  to  inquire  into,  relative  to  the 
plaintiff  or  defendant. 

Damvok  fnisant,  is  where  the  beasts  of  another  come  upon  a 
man's  land  and  spoil  his  corn  or  grass,  in  which  case  the  owner 
may  impound  them  till  satisfaction  be  obtained. 

DAMASK,  a sort  of  silken  stuff,  both  in  warp  and  woof ; or 
with  the  warp  silk,  and  the  woof  thread;  or  all  thread,  or  all 
wool.  And  Damatheening  is  the  art  of  beautifying  iron,  or 
steel,  by  inlaying  it  with  gold  or  silver  wire,  as  in  sword 
blades,  guards,  and  gripes,  locks  of  pistols,  fee.  Were  the 
artists  of  Britain  to  tarn  their  attention  to  this  subject,  they 
might  soon  rival  all  other  countries  in  the  world  in  damaskeen- 
ing steel. 

DAMPS,  noxious  exhalations  issuing  from  the  earth,  and 
which  almost  instantly  prove  fatal  to  those  who  breathe  them. 

23. 


We  allude  here  chiefly  to  eoal  mine  damps,  called  choke  and  fire 
damps ; the  former  is  carbonic  acid  gas.  generally  prevalent  in 
wastes,  or  neglected  works:  the  latter  is  hydrogen  gat,  or 
inflammable  air.  See  Safety  Lamp. 

DARK  Rays,  in  Philosophy,  are  certain  emanations  from 
the  sun,  that  have  been  recently  discovered,  which  are  not  per- 
ceptible to  our  eyes,  and  arc  only  manifested  by  their  effects  on 
the  thermometer.  Thus  when  the  rays  of  the  sun  are  refracted 
by  a glass  prism,  and  form  the  coloured  spectrum  upon  any 
surface,  a thermometer  placed  beyond  the  spectrum  is  elevated 
by  the  heat  of  eertain  rays,  or  emanations,  which  are  by  do 
means  visible ; and  which  have  thence  been  denominated 
calorific  rays. 

DATA,  in  Mathematics,  denote  certain  quantities  which  are 
given  or  known,  and  by  means  of  which  other  quantities,  which 
arc  unknown,  arc  to  be  determined.  Euclid,  in  his  book  of 
“ Data.”  uses  this  term  to  denote  such  spaces,  lines,  angles, 
he.  as  are  (riven,  or  to  which  others  may  be  found  equal. 

DATE,  in  Law,  the  description  of  the  day.  month.  year  of 
our  Lord,  and  year  of  the  king  in  which  a writing  is  made.  In 
writings  of  importance,  the  dato  should  be  in  words  at  length. 
An  anlr-date  is  that  prior  to  the  real  lime  when  the  instrument 
was  signed.  A post- date  is  that  which  is  posterior  to  the  real 
time. 

DAY  in  Astronomy,  is  that  portion  of  lime  which  elapses 
between  two  successive  transits  of  the  sun  over  the  same  meri- 
dian ; and  the  time  is  reckoned  from  noon  to  noon,  and  consists 
of  twenty -four  hours.  This  is  called  a natural  day,  being  of 
the  same  length  in  all  latitudes.  The  artificial  day  is  the  time 
elapsed  between  the  sun’s  rising  and  setting,  and  is  variable 
according  to  the  different  latitudes  of  places. 

A mean  Solar  Day  is  measured  by  equal  motion,  as  by  • 
clock  or  timepiece,  and  consists  of  twenty-four  hours.  There 
are,  in  the  course  of  a year,  as  many  mean  solar  days  as  there 
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are  trad  solar  days,  the  clock  being  as  much  faster  than  the 
sun-dial  on  some  days  of  the  year,  as  the  sun-dial  is  faster  than 
the  clock  on  others.  Thus  the  clock  is  faster  than  the  sun-dial 
fioni  the  twenty-fourth  of  December  to  the  fifteenth  of  April, 
and  from  the  sixteenth  of  June  to  the  thirty-first  of  August; 
but  from  the  fifteenth  of  April  to  the  sixteenth  of  June,  and 
from  the  thirtv-first  of  August  to  the  twenty-fourth  of  Decem- 
ber, the  sun-dial  is  faster  than  the  clock.  When  the  clock  is 
faster  than  tho  sun-dial,  the  true  solar  day  exceeds  twenty-four 
hours  ; and  when  the  sun-dial  is  faster  than  the  clock,  the  true 
solar  day  is  less  than  twenty-four  boars  ; bat  when  the  clock 
and  the  sun-dial  agree,  rir.  about  the  fifteenth  of  April,  six- 
teenth of  June,  thirty-first  of  August,  and  twenty-fourth  of 
December,  the  true  solar  day  is  exactly  twenty-four  hours. 

Days  of  the  Week. — These  arc  Sunday,  Mooday,  Tuesday, 
Wednesday,  Thursday,  Friday,  and  Saturday. 

The  Nautical  Day  commences,  either  by  observation  or 
account^  when  the  sun  is  on  the  meridian,  which  is  generally  sup- 
posed to  be  our  T2  o'clock  at  noon  on  shore.  At  that  moment, 
the  officer  of  the  watch,  or  more  commonly  tho  master  of  the 
ship,  orders  the  marine  sentinel  to  turn  a half-hour  sand  glass, 
which  he  has  always  in  charge,  which  has  been  previously  run 
out.  and  strike  eight  belle  forward ; which  is  accordingly  done, 
and  fbe  dinner  is  piped.  No  sooner  is  this  glass  run  out,  than 
the  sentinel  calls,  “ Strike  the  hell  one,  forward and  again 
turns  it,  when  the  gTog  is  immediately  piped.  When  it  runs 
out  a second  time,  he  again  calls,  “ strike  the  bell  two,  for- 
ward which  is  no  sooner  done,  than  the  boatswain's  mate 
calls  the  afternoon  watch.  Thus  be  proceeds  until  he  comes 
to  the  eighth  bell,  which  is  no  sooner  struck,  than  the  watch 
expires,  and  the  grog  is  ogain  piped.  Previous  to  this,  how- 
ever, in  order  to  relieve  the  quartermaster,  the  helmsman,  the 
look-out  at  the  mast  head,  and  the  sentinel  at  the  glass,  an 
individual  of  each  of  these  classes  of  the  watch  below,  goes, 
when  the  seventh  bell  is  struck,  to  the  purser's  steward,  gels 
his  quartern  of  grog  umnixed,  takes  his  supper,  and  is  ready, 
as  soon  as  the  8th  strikes,  to  relieve  his  man  with  the  rest  of 
the  watch.  All  hands  now  take  supper;  and  when  one  bell 
agnin  strikes,  the  first  Hog  watch  is  called.  This  is  only  a 
watch  of  two  hours;  and  accordingly  when  the  4th  hell  has 
struck,  the  second  dog  watch  is  called,  which  lasts  other  two 
hours,  and  brings  the  supposed  time  pretty  accurately  to  our 
eight  o’clock  at  night.  By  this  time,  however,  the  hammocks 
having  hern  piped  down,  the  watch  relieved  generally  retires 
to  rest.  The  watch  on  deck,  therefore,  execute  all  the  neces- 
sary duties  of  the  ship  until  their  8th  bell  is  struck;  when  the 
middle  watch  is  called  ; and  these  again  arc  relieved  in  the  same 
lime  by  the  morning  watch,  who  do  the  ship's  duty  during  other 
eight  hells,  which  brings  the  time  to  our  eight  o’clock  in  the 
morning,  when  breakfast  is  always  piped.  As  usual  at  oar 
bell,  the  forenoon  watch  is  called,  who  do  tho  duties  of  the  deck 
while  the  watch  below  are  fumigating  or  scrubbing  the  lower 
deck,  or  probably  mending  their  clothes  ; and  thus  they  con- 
tinue until  the  observation  of  the  run  at  noon  is  again  taken,  if 
the  weather  is  favourable,  and  any  necessary  correction  made 
on  the  time  lost  or  gained.  When  the  eighth  bell  is  once  more 
struck,  the  dag  at  tea  is  completed,  the  glass  is  turned  to  com- 
mence a new  one,  the  dinner  is  piped,  and  the  watch  called  as 
before. 

Days  of  Grace,  in  Commerce,  are  those  allowed  for  the  pay- 
ment of  a hill  of  exchange  after  the  sum  becomes  due.  la 
England  thev  arc  three. 

DAY'S  WORK,  the  reckoning  or  account  of  a ship’s  course 
or  distance  run  during  24  hours,  or  from  noon  to  noon,  accord- 
ing to  the  rulej  of  Trigonometry. 

DAVIT,  a strong  beam  of  timber  used  as  a crane,  whereby 
to  hoist  the  flukes  of  the  anchor  to  the  top  of  the  bow,  without 
injuring  the  planks  of  the  ship’s  side  as  it  ascends;  an  opera- 
tion which,  by  seamen,  is  called  fishing  the  anchor ; the  lower 
end  of  the  davit  rests  on  the  fore  chains,  the  upper  end  being 
properly  secured  by  a tackle  from  the  mast  head ; upon  the 
other  end  is  hung  a large  block,  through  which  a strong  rope  is 
reeved,  called  the  fish-pendant,  to  whose  outer  end  is  fitted  a 
large  hook,  and  to  its  inner  end  a tackle;  the  former  is  called 
the  fish-hook,  the  latter  the  fish-tackle.  The  anchor  being  first 
catted,  the  fish-hook  is  fastened  on  its  flnkct,  and  is,  by  means 


of  the  fish-pendant  and  tackle,  drawn  up  sufficiently  high  upon 
the  bow  to  be  made  fall  l*y  the  shank-painter.  Thus  the  davit, 
according  to  the  sea  phrase,  is  employed  to  fish  the  anchor. 
There  is  also  a davit  of  a smaller  kind,  occasionally  fixed  in 
the  longboat,  and,  with  the  assistance  of  a small  windlass,  used 
to  weigh  the  anchor  by  the  buoy-rope,  kc. 

DEACON,  one  of  the  three  holy  orders  of  the  church,  being 
that  next  below  the  priesthood. 

DEAD  EYE,  or  Dead  Man's  Eva,  a sort  of  round  flatfish 
wooden  block  encircled  with  a rope,  or  with  an  iron  band,  and 
pierced  with  three  holes  through  the  fiat  part,  in  order  to 
receive  a rope  called  the  laniard,  which  corresponding  with 
three  boles  in  another  dead  eye,  creates  a purchase  employed 
for  various  uses,  but  chiefly  to  extend  the  shrouds  and  stays, 
otherwise  called  the  standing  rigging.  In  order  to  form  this 
purchase,  one  of  the  dead  eyes  is  fastened  in  the  upper  link  of 
each  chain  on  the  ship’s  side,  which  is  made  round  to  receive 
and  encompass  the  hollowed  outer  edge  of  the  dead  eye.  After 
this  the  laniard  is  passed  ultimately  through  the  holes  in  the 
upper  and  lower  dead  eyes,  till  it  becomes  sixfold,  and  is  then 
drawn  tight  by  the  application  of  mechanical  powers.  In  mer- 
chant ships  they  arc  generally  lilted  with  iron  plates,  in  the 
room  of  chains.  The  dead  eyes  used  for  the  stays  have  only 
one  hole,  which,  however,  is  large  enough  to  receive  ten  or 
twelve  turns  of  the  laniard  ; these  are  generally  termed  Hearts. 
The  crowfeet  Dead  Eyes,  are  long  cylindrical  blocks,  with  a 
number  of  small  holes  in  them,  to  receive  the  legs,  or  lioes,  of 
which  the  crow  foot  is  composed. 

DEAD  LIGHTS,  strong  wooden  ports  made  exactly  to  fit 
the  cabin  windows,  in  which  they  are  fixed  on  the  approach  of 
a storm,  the  glass  frames  being  taking  out,  which  would  other- 
wise be  shattered  by  tho  violence  of  the  waves,  and  let  great 
quantities  of  the  water  pour  iuto  the  ship. 

DEAD  RECKONING,  tbe  judgment  or  estimation  which  is 
made  of  tbe  place  where  a ship  is  situated,  without  any  obser- 
vation of  the  heavenly  bodies ; it  is  discovered  by  keeping  an 
account  of  the  distance  she  has  run  hy  the  log,  and  of  her 
course  steered  by  the  compass,  and  by  rectifying  these  data  by 
the  usual  allowances  for  drift,  leeway,  &c.  according  to  the 
ship’s  known  trim;  this  reckoning  is,  however,  always  to  be 
corrected  as  often  as  any  good  observation  of  the  sun  can  be 
obtained. 

DEAD  RISING,  or  Rising  Line  of  the  floor,  those  parts  of 
a ship’s  floor  or  bottom  throughout  her  whole  length,  where  the 
floor  timber  is  terminated  on  the  lower  futtork. 

DEAD  ROPES,  arc  those  which  do  not  run  in  any  block. 

DEAD  WATER,  the  eddy  of  water  which  appears  like  little 
whirlpools  closing  in  with  the  ship’s  stern  as  she  sails  through  it. 

DEAD  WOOD,  in  Naval  Architecture,  certain  blocks  of 
timber  laid  upon  the  keel,  particularly  at  the  extremities  afore 
and  abaft,  where  these  picees  are  placed  upon  each  other  to  a 
considerable  height,  because  tbe  ship  is  there  so  narrow  as  not 
to  adroit  of  the  two  half  timbers,  which  are  therefore  scored 
into  this  dead  wood,  when  the  angle  of  the  floor  timbers 
gradually  diminishes  as  approaching  the  stem  and  stern 
post.  In  the  fore  part  of  the  ship,  the  dead  wood  generally 
extends  from  the  stemson,  upon  which  it  is  scarfed,  to  the  loof 
frame  ; and  in  the  after  end  from  the  slernpost,  where  it  is  con- 
fined by  the  knee  to  the  after  balance-frame.  It  is  connected 
to  the  keel  hy  strong  spike  nails.  The  dead  wood  afore  and 
abaft  is  equal  in  depth  (o  two-thirds  «>f  the  depth  of  tbe  keel, 
and  as  broad  ns  can  be  procured,  so  as  not  to  exceed  the 
breadth  of  the  keel. 

DEAD  WORKS,  all  that  part  of  tbe  ship  which  is  above 
water  when  she  is  laden.  The  same  as  Upper  Work. 

DEAFNESS,  the  want  of  the  sense  of  hearing,  arising  cither 
from  an  obstruction  or  a compression  of  the  auditory  nerves, 
or  from  some  collection  of  matter  in  the  cavities  of  the  inner 
ear,  or  from  the  auditory  passage  being  stopped  hy  some 
hardened  excrement ; or,  lastly,  from  some  excrescence,  a 
swelling  of  the  glands,  or  some  foreign  body  introduced  within 
the  ears.  Persons  horn  deaf  are  also  dumb. 

DE  AL,  a plank  of  fir.  made  by  sawing  tbe  trunk  of  the  tree 
longitudinally.  Deals  arc  hardened  by  throwing  them  into 
salt  water  as  soon  as  they  are  sawed,  and  keeping  them  therein 
some  days,  and  then  drying  them  in  the  sun. 
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DEAN,  an  ecclesiastical  dignitary  next  to  the  bishop,  and 
bead  of  the  chapter  in  a cathedral  church.  There  are  deans 
*No  who  have  no  chapters,  as. the  dean  of  Battle,  the  dean  of 
Bockior,  &c.  Rural  deans  have  no  judicial  authority,  but  a 
right  of  visiting  churches  within  their  district,  and  reporting 
the  condition  of  the  same  to  the  ordinary. 

De.im  and  Chapter,  are  the  bishop’s  council  to  assist  him  in 
the  affairs  of  religion,  and  to  assent  to  every  grant  which  the 
bishop  shall  make  to  bind  his  successors.  As  a deanery  is  a 
spiritual  dignity,  hcucc  a man  eanuot  be  a dean  and  preben- 
dary of  the  same  church. 

DEATH,  physically,  the  extinction  of  animal  life.  In  Law, 
there  is  a natural  death  and  a civil  death ; the  former  where  a 
person  actually  dies,  the  latter  where  he  is  adjudged  to  he  so 
in  law.  Thus  if  a person,  for  whose  life  an  estate  is  granted, 
is  absent  seven  years,  and  there  is  no  proof  of  his  being  living, 
he  shall  he  accounted  as  dead. 

DEATH-WATCH,  a small  insect  which  makes  a ticking 
noise  like  the  heating  of  a watch.  There  are  two  species,  one 
of  a dark  brown  colour,  spotted,  having  pellucid  wings  under 
the  vagina,  a cap  on  the  head,  and  two  antenna;  proceeding 
from  beneath  the  eyes.  The  noise  which  it  makes  is  a signal 
between  the  male  and  female.  The  second  kind  is  a small 
grayish  insect,  much  like  a louse  when  viewed  with  the  naked, 
unassisted  eye. 

DEBENTURE,  a Custom-house  certificate  delivered  to  the 
exporter  of  goods,  by  virtue  of  which  be  is  entitled  to  a bounty 
or  drawback. 

DEBT,  National,  the  engagement  entered  into  by  a govern- 
ment, to  repay  at  a future  period  money  advanced  by  indi- 
viduals for  the  public  service,  or  to  pay  the  lenders  an  equi- 
valent annuity.  National  debts  have  arisen  from  the  necessity 
of  obtaining  larger  sums  of  money  than  could  be  raised  at  the 
time  they  were  wanted  by  direct  contributions ; and  often, 
when  it  would  have  been  absolutely  impossible  to  raise  the 
requisite  sum  if  a heavy  tax  had  been  imposed,  and  strictly 
levied,  it  has  been  deemed  more  prudent  to  avoid  the  evils 
attendant  on  such  a measure  by  the  less  obnoxious  expedient 
of  a loan.  In  most  countries,  the  snbordinatc  governors,  to 
whom  is  generally  consigned  tbc  task  of  providing  for  the 
public  expenses,  being  desirous  of  popularity,  have  shewn  a 
great  predilection  for  this  mode  of  obtaining  money,  as  it 
enables  them  to  support  a profuse  expenditure,  without  ap- 
pearing to  oppress  the  people  in  so  great  a degree  as  they 
otherwise  must : the  system  of  getting  into  debt,  or  the  fund- 
ing system,  as  it  is  generally  called,  from  particular  funds 
being  usually  appropriated  for  payment  of  interest  on  the  debts 
contracted,  has  therefore  been  adopted  by  most  of  the  states 
of  Europe,  by  many  of  the  colonies,  and  by  the  American 
republics. — \Vmi  ns’  Cyclopedia. 

DECACHORDON,  a musical  instrument  like  the  harp  with 
ten  strings,  called  by  the  Hebrews  nasur. 

DECAGON,  a plane  geometrical  figure,  of  ten  sides  and 
ten  angles.  When  all  the  sides  and  angles  are  cqnat,  it  is  a 
regular  decagon,  and  may  he  inscribed  in  a circle ; otherwise 
not  If  the  radius  of  a circle,  or  the  side  of  the  inscribed  hexa- 
gon, be  divided  in  extreme  and  mean  proportion,  the  greater 
segment  will  be  the  side  of  a decagon  inscribed  in  the  same 
circle.  And,  therefore,  as  the  side  of  the  decagon  is  to  the 
radius,  so  is  the  radius  to  the  sum  of  the  two. 

DECEMBER,  The  Botanical  Kalkndah  for,  instructs  us 
that  tbc  gardener’s  operations  arc  chiefly  of  the  laborious  kind  ; 
but  long  nights  and  short  days  give  him  ample  leisure  for  study, 
unless  lie  be  of  the  slovenly  tribe  of  gardeners,  whose  minds 
resemble  their  gardens,  and  are  known  rather  by  the  excel- 
lence and  growth  of  the  weeds,  than  by  order,  regularity,  pro- 
gress, and  scientific  reputation. 

In  the  Kitchen  Garden,  this  month  sow  peas,  beans,  and 
radishes;  but  consider  the  result  uncertain.  Protect  beans, 
transplant  cabbages;  earth  up  pea*  and  beans;  cover  their 
stems  with  ashes,  sawdust,  or  old  tan.  Tie  np  endive  ; weed 
and  hoe  ; tie  up  esculents,  as  borecoles  ; destroy  slugs,  snails, 
mioe  ; and  fill  the  ice-house. 

In  the  hardy  Frail  Department,  we  plant  the  apple,  pear, 
gooseberry,  currant,  8tc.  in  mild  weather ; and  all  trees  not 
pruned  in  November  are  now  to  be  pruned.  In  the  routine  of 


culture,  trench,  dig,  and  ridge  up  in  dry  weather.  Exhausted 
soils  must  now  be  recruited  ; larva?  of  moths  must  be  destroyed ; 
and  the  temperature  of  the  fruit  cellars  must  he  kept  from  3U° 
to  40°. 

In  the  culinary  Hot  house  Department,  sow  small  sallads, 
give  abundance  of  air  in  dry  weather,  hut  protect  in  frosts. 
Begin  to  force  asparagus,  prepare  cucumber  beds;  keep  a 
steady  heat  in  the  pinery ; aud  let  the  forcing  houses  be 
regularly  attended  to. 

Little  is  done  in  the  flower  department  this  month,  except  in 
a liberal  use  of  ashes,  tan.  & c.  to  bulbs,  hydrangeas.  See. 
Attend  to  alpines,  florists’  flowers,  annuals,  tuc.  In  the  green- 
house the  lowest  temperature  must  be  42°,  the  highest  4 6°, 
The  dry  stove  may  average  from  46°  to  60*.  But  the  back 
stove  must  average  from  66°  to  68°. 

In  the  Pleasure  Ground  and  Shrubbery,  plant,  prune,  protect 
according  tu  the  weather;  repair  walks,  roll  them  ; sweep  and 
clean  lawns,  lay  down  turf ; and  fell  all  trees  that  are  to  be 
removed  as  useless,  or  for  their  timber  and  bark. 

DECEMVIRI,  ten  magistrates  chosen  yearly  at  Rome  to 
govern  the  commonwealth  instead  of  consuls. 

DECIDUOUS,  in  Botany,  a term  expressive  of  the  second 
stage  of  duration  in  plants,  hut  susceptible  of  different  senses, 
according  to  the  particular  part  of  the  plant  to  which  it  is 
applied.  A leaf  is  said  to  be  deciduous  which  drops  in  autumn; 

fictals  are  deciduous  which  fall  off  with  the  stamina  and  pistil- 
um;  and  this  epithet  is  applied  to  such  flower-cups  as  fall 
after  the  expansion,  and  before  the  dropping  of  the  flower. 

Most  plants  in  cold  and  temperate  climates  shed  their  leaves 
vearly.  This  happens  in  autumn,  and  is  generally  announced 
by  the  flowering  of  the  common  meadow  saffron.  The  term  is 
only  applied  to  trees  and  shrubs  ; for  herbs  perish  down  to  the 
root  every  year,  losing  stem,  leaves,  and  all.  All  plants  de 
not  drop  their  leaves  nt  the  same  time.  Among  large  trees, 
the  ash  and  walnut,  although  latest  in  unfolding,  are  soonest 
divested  of  them : the  latter  seldom  carries  its  leaves  above 
five  months.  On  the  oak  and  horn-beam  the  leaves  die  and 
wither  as  soon  as  the  cold  commences  ; but  remain  attached  to 
tbc  branches  till  they  arc  pushed  off  by  the  new  ones,  which 
unfold  themselves  the  following  spriug.  These  trees  are  doubt- 
less a kind  of  evergreens;  the  leaves  are  probably  destroyed 
only  bv  cold ; and,  perhaps,  would  continue  longer  opon  the 
plant,  but  for  the  force  of  the  spring- sap,  joined  to  the  moisture. 

With  respect  to  the  deciduous  trees,  the  falling  off1  of  the 
leaves  seems  principally  to  depend  on  the  temperature  of  the 
atmosphere,  which  likewise  serves  to  hasten  or  retard  the 
appearance  in  question.  An  ardent  sun  contributes  to  hasten 
the  dropping  of  the  leaves.  Hence,  in  hot  and  dry  summers, 
the  leaves  of  the  lime-tree  and  horse-chesnut  turn  yellow  about 
the  1st  of  September;  whilst,  in  other  years,  the  yellowness 
docs  not  appear  till  the  heginning  of  October.  Nothing,  how- 
ever, contributes  more  to  hasten  the  fall  of  the  leaves  than  im- 
moderate cold  or  moist  weather  in  autumn  ; moderate  droughts, 
on  the  other  hand,  serve  to  retard  it.  It  deserves  to  be  re- 
marked, that  an  evergreen  tree  grafted  upon  a deciduous, 
determines  the  latter  to  retain  its  leaves.  This  observation  is 
confirmed  by  repeated  experiments,  particularly  by  grafting 
the  laurel,  or  cherry-bay,  an  evergreen,  on  the  common 
cherry;  and  tbc  ilex,  or  evergreen  oak,  on  the  oak. — Watkins' 
Cyclopedia 

PECJES  TANTUM,  in  Law,  a writ  that  lies  against  a juror, 
who  has  been  bribed  to  give  his  verdict. 

DECIMAL,  Arithmetic,  ( Decimal  Tenths,)  in  a general 
sense,  denotes  the  common  arithmetic,  in  which  we  count  by 
periods  of  tens  ; and  is  otherwise,  and  more  properly,  called 
Denary  Arithmetic,  to  distinguish  it  from  the  tiinary , Duodc- 
\ary,  and  other  scales  of  arithmetic. 

Decimal  Fraction,  is  a fraction  having  always  some  power 
of  10  for  its  denominator,  which  consists  of  either  10,  100. 1000, 
&c.  denoting  the  number  of  equal  parts  into  which  the  integer 
or  whole  is  supposed  to  be  divided,  as  kc.  But,  fur 

the  sake  of  brevity,  the  numerator  only  is  expressed,  like  a 
whole  number  with  a point  on  the  left  of  it,  as  -*2,  -02,  ‘002,  8cc 
and  which  must  always  consist  of  as  many  figures  as  there  arc 
ciphers  in  the  denominator;  the  places  between  the  significant 
figures  and  the  point  being  supplied  with  ciphers,  wheu  neccs* 
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a ary.  aj  above.  Consequently,  the  tame  number  of  figure*  on 
the  right  of  the  decimal  point,  has  always  the  same  denomina- 
tor, Thus,  the  denominator  of  the  fractions  *5000,  *0746,  *0006, 
is  10000.  And  hence,  it  appears,  that  the  value  of  a decimal 
fraction  is  not  altered  by  ciphers  on  the  right  band  ; for  ‘5000 
(or  ££,)  when  reduced  to  its  lowest  terms  is  the  same  as  *6, 
each  being  equal  to  In  mixed  numbers  the  decimals  are 
separated  from  the  integers  by  a point,  thus,  25db  is  written 
35  02.  It  is  also  evident,  that  the  value  of  decimals  decreases 
In  the  same  tenfold  proportion  from  the  point  towards  the 
right  hand,  as  that  of  integers  increases  toward*  the  left. 

DECKER,  relates  to  the  rate  of  a ship  of  force,  os  a two- 
decker,  a three-decker,  i.e.  carrying  two  entire  tiers  or  ranges 
of  cannon,  or  three  such  tiers. 

DECKS,  the  planked  floors  of  a ship,  which  connect  the  sides 
together,  and  serve  as  different  platforms  to  support  the  artil- 
lery and  lodge  the  men,  as  also  to  preserve  the  cargo  from  the 
sea  and  rain.  As  all  ship*  are  broader  at  the  lower  deck 
than  on  the  neat  above  it,  and  ns  the  cannon  thereof  are  always 
heaviest,  it  is  necessary  that  the  frame  of  it  should  be  much 
stronger  than  that  of  the  others  ; and  for  the  same  reason,  the 
second  or  middle  deck  ought  to  be  stronger  than  the  upper 
deck  or  forecastle. 

Ships  of  the  first  and  second  rate  are  furnished  with  three 
whole  decks,  reaching  from  the  stem  to  the  stern,  besides  a 
forecastle  and  a quarter  deck,  the  former  extending  aft  from 
the  stem  to  the  belfry,  and  the  latter  forward  from  the  stern  to 
the  mainmast,  a vacancy  being  left  in  the  middle,  which  opens 
to  the  upper  deck,  and  form*  what  is  called  the  waist;  there 
if  yet  another  deck  above  the  hinder  part  of  the  quarter  deck 
called  the  poop,  which  also  serves  a*  a ro  »f  for  the  captain's 
cabin  or  couch  ; and  another  deck  below  the  lower  gun-deck 
called  the  orlop,  whereon  the  cables  are  coiled  and  the  sails 
stowed,  i.c.  Other  ships  of  the  line,  with  50-gun  ship*,  and 
some  of  40  gons,  have  two  gun-decks  and  a quarter  deck,  a 
forecastle,  a poop,  and  orlop.  Frigates  and  sloops  have  one 
gun-deck,  a half  deck,  and  forecastle,  with  a spar  deck  below 
to  lodge  the  crew,  but  no  poop  ; brigs,  cutters,  and  such  small 
vessels,  have  no  half  deck  or  forecastle,  and  are  then  said  lo 
be  flush  fore  and  aft ; the  decks  are  formed  of,  and  sustained 
by,  the  beams,  the  clamps,  or  water-ways,  the  cartings,  the 
ledges,  the  knees,  and  two  rows  of  small  pillars  called  stan- 
ohions,  Btc.  See  those  articles.  The  number  of  beams  by  which 
the  decks  of  ships  are  supported,  is  often  very  different,  accord- 
ing to  the  practice  of  different  countries;  the  strength  of  the 
timber  of  which  the  beams  axe  framed,  and  the  services  for 
which  tho  ships  are  calculated.  The  deck  which  contains  the 
train  of  a fire-ship  is  furnished  with  an  equipage  peculiar  to 
itself,  a description  of  which  will  he  found  under  the  article 
Fire-Ship.  Flush  deck,  or  dock  flush  fore  and  aft,  implies  a 
continued  floor  laid  from  stem  to  stem,  upon  one  line,  without 
any  stops  or  intervals.  Half  deck,  the  under  part  of  the  quar- 
ter deck  of  a ship  of  war,  contained  between  the  foremost 
balk  head  of  the  cabin  or  wardroom,  and  the  break  of  the  quar- 
ter deck.  In  the  colliers  of  Northumberland,  the  steerage 
itself  is  called  the  half  deck,  and  is  usually  the  habitation  of 
the  ship's  crew.  The  main  deck  is  that  part  of  the  upper  deck 
which  extends  from  the  break  of  the  forecastle  to  the  break  of 
the  quarter-deck  ; also  called  the  waist. 

DECLARATION,  in  Law,  a written  exposition  of  the  matter 
of  complaint,  made  by  the  plaintiff  against  tho  defendant. 

DECLINATION  or  the  Sun,  of  a Star,  or  a Planet,  is  its 
distance  from  the  equinoctial,  northward  or  southward.  When 
the  sun  is  in  the  equinoctial,  he  has  no  declination,  and  enlight- 
ens half  the  globe  from  pole  to  pole.  As  he  increases  in  north 
declination  he  gradually  shines  farther  over  the  north  pole, 
and  leaves  the  south  pole  in  darkness ; in  a similar  manner, 
when  he  has  south  declination  he  shines  over  the  south  pole, 
and  leaves  the  north  pole  in  darkness:  23°  28'  is  the  sun's 
nearest  declination  north  or  south.  The  declination  of  any 
heavenly  body,  as  of  a star,  may  be  easily  found  by  the  follow- 
ing rule:  Take  the  meridian  altitude  of  the  star,  at  any  place 
where  the  latitude  is  known ; the  complement  of  this  is  the 
■enith  distance,  and  is  called  north  or  south,  as  the  star  is  north 
or  sooth  at  the  time  of  observation.  Then.  1.  When  the  lati- 
tude of  the  place,  and  senitb  distance  of  the  star,  are  of  differ- 


ent kind*,  namely,  onr  north  and  the  other  snath,  their  differ- 
ence will  be  the  declination  ; and  it  is  of  the  same  kind  with 
the  latitude,  when  that  is  the  greatest  of  the  two,  otherwise  it 
is  of  the  contrary  kind.  2.  If  the  latitude  and  the  zenith  dis- 
tance are  of  the  same  kind,  i.  t.  both  north,  or  both  south,  their 
sum  is  the  declination  ; and  it  is  of  the  same  kind  with  the 
latitude.  Accurate  tablet  of  the  sun's  declination  arc  published 
regularly  in  the  nautical  almanacks. 

Circles  of  Declination,  are  gTeat  circles  of  the  sphere 
passing  through  the  poles  of  the  world,  on  which  the  declination 
is  measured. 

Parallels  of  Declination,  axe  small  circles  of  the  sphere 
parallel  to  the  eooator. 

Parallax,  or  Refraction  of  Declination,  is  such  on  arch  of 
a meridian  a*  is  equal  to  the  change  produced  in  the  declina- 
tion by  parallax  or  refraction,  respectively. 

Declination  of  a Vertical  Plant  or  Wall,  in  Dialing,  is  an 
arch  of  the  horizon,  comprehended  either  between  the  plane 
and  the  prime  vertical,  when  it  i*  counted  from  east  to  west,  or 
between  the  plane  and  the  meridian,  when  it  is  counted  from 
north  to  south. 

DECLINATOR,  an  instrument  for  determining  the  declina- 
tion or  inclination  of  reclining  planes. 

DECLINERS,  or  Declining  Dials,  are  those  which  ant 
either  the  plane  of  the  primo  vertical  circle,  or  plane  of  the 
horizon,  obliquely. 

DECLTVItY,  a sloping  or  obliqne  descent. 

DECOCTION,  in  Pharmacy,  the  extracting  of  the  virtues  of 
simple*  and  other  drugs  by  boiling. 

DECOMPOSITION,  in  Chemistry,  the  separation  or  dis- 
union of  the  constituent  parts  of  bodies. 

DECORATION,  in  Architecture,  any  thing  that  adorns  and 
enriches  a building,  church,  triumphal  arch,  Btc.  as  the  ordcis 
of  architecture,  paintings,  vases,  festoons,  scenes,  Btc. 

DECOUPLE,  in  Heraldry,  the  same  as  uncoupled,  or  parted. 

DECOY,  among  fowlers,  a place  made  for  catching  wild- 
fowl. A decoy  is  generally  made  where  there  is  a largo  pond 
surrounded  with  wood,  and  beyond  that  a marshy  and  uncul- 
tivated country:  if  the  piece  of  water  is  not  thus  surrounded, 
it  will  he  attended  with  noises  and  other  accidents  which  may 
be  expected  to  frighten  the  wild-fowl  from  a quiet  haunt,  wheio 
they  mean  to  sleep  in  the  day-time  in  security.  If  these  noises 
or  disturbances  are  w ilful,  it  has  been  held  that  an  action  will 
lie  against  the  disturber.  As  noon  as  the  evening  sets  in,  the 
decoy  rises,  and  the  wild-fowl  feed  during  the  night.  If  the 
evening  is  still,  the  noise  of  their  wings  during  their  flight  is 
heard  at  a very  great  distance,  and  is  a pleasing,  though  rather 
melancholy,  sound. 

The  decoy  duck*  arc  fed  with  hemp-seed,  which  is  thrown 
over  the  screen!*  in  small  quantities,  to  bring  them  forwards 
into  the  pipes  or  canals,  and  to  allure  the  wild-fowl  to  follow, 
as  this  seed  is  so  light  as  to  float.  There  arc  several  pipes,  as 
they  arc  called,  which  lead  up  a narrow  ditch  that  closes  at 
last  with  a funncl-nct  Over  these  pipes  (which  grow  narrower 
from  their  first  entrance)  is  a continued  arch  of  netting  sus- 
pended on  hoop*.  It  is  necessary  to  have  a pipe  or  ditch  for 
almost  every  wind  that  can  blow,  as  upon  this  circumstance  It 
depends  which  pipe  the  fowl  will  take  to;  and  the  decoy-man 
always  keeps  on  the  leeward  side  of  the  ducks,  to  prevent  lus 
scent  reaching  their  sagacious  nostrils.  Ail  along  each  pipe,  at 
intervals,  arc  placed  screens  made  of  reeds,  which  are  so  situ- 
ated that  it  is  impossible  the  wild  fowl  should  see  the  decoy- 
man  before  they  havr  passed  on  towards  the  end  of  the  pipe, 
where  the  parse  net  is  placed.  The  inducement  to  wild-fowl 
to  go  up  one  of  these  pipes  is,  because  the  decoy  ducks,  trained 
to  this,  lead  the  way,  either  after  hearing  the  whistle  of  the 
decoy-man,  or  enticed  by  the  hemp-seed  ; the  latter  will  dive 
under  water,  whilst  the  wild-fowl  fly  on,  and  are  taken  in  the 
purse.  It  often  happens,  however,  that  the  wild-fowl  are  in 
such  a state  of  sleepiness  and  dozing,  that  they  will  not  follow 
the  decoy  ducks.  Use  is  then  generally  made  of  a dog  that  is 
taught  his  lesson  : he  passes  backwards  and  forwards  between 
the  reed  screens  (in  which  are  little  holes,  both  for  the  decoy- 
man  to  see,  and  the  little  dog  to  pass  through ;)  this  attracts 
the  eye  of  the  wild-fowl,  who,  not  choosing  to  be  interrupted, 
advance  towards  the  small  and  contemptible  animal,  that  they 
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n ay  drive  him  away.  The  dog  all  the  time,  by  the  direction  of 
the  decoy-man,  plays  among  the  screens  of  reeds,  nearer  and 
nearer  ihe  parse-net ; till  at  last,  perhaps,  the  decoy-man 
appears  behind  a screen,  and  the  wild-fowl  not  daring  to  pass 
by  him  in  return,  nor  being  able  to  escape  upwards  on  account 
of  the  nct-covering,  rush  on  into  the  purse-net.  Sometime* 
the  dog  will  not  attract  their  attention  if  a red  handkerchief,  or 
something  very  singular,  is  not  put  about  him. — Watkins' 
Cyclopedia, 

DECOY,  in  Military  affairs,  a stratagem  to  carry  off  the 
enemy's  horses  in  a foraging  party,  ur  from  pasture.  The 
word  is  also  nsed  to  denote  a stratagem  employed  by  a small 
■hip  of  war.  to  betray  a vessel  of  the  enemy  within  reach. 

DECREMENT,  in  Heraldry,  the  wane  of  the  moon  from  the 
full  to  the  njw,  and  when  borne  in  coat  armour,  Dices  to  the 
left  side  of  the  escutcheon,  as  that  luminary  does  to  the  right 
side  when  in  the  increment. 

DECREPITATION,  in  Chemistry,  a teim  applied  to  the 
crackling  noise  of  salO  exposed  to  beat,  by  which  they  arc 
quickly  split.  It  takes  piace  in  those  salts  that  have  little  water 
of  crystallisation,  the  increased  temperature  converting  that 
small  quantity  into  vapour,  by  which  the  cry  stals  arc  suddenly 
burst.  Common  salt  affords  a good  example  of  decrepitation, 
and  when  used  as  a flux  should  hr  previously  decrepitated. 

DEDIMUS  Potkstatem,  in  Law,  a commission  grunted  to 
one  or  more  persons,  to  forward  and  despatch  some  act  apper- 
taing  to  a judge,  or  some  court. 

DEED,  a written  contract  sealed  and  delivered.  It  must  be 
written  before  the  sealing  and  delivery,  otherwise  it  is  no 
deed  ; and  after  it  is  executed  by  the  paitics.  nothing  can  be 
added,  and  therefore,  if  a deed  is  sealed  and  delivered  with  a 
blank  left  for  the  sum,  which  the  obligee  Alls  up  after  sealing 
and  delivery,  this  will  make  the  deed  void. 

DEEP  SEA-LINE,  or  Dip  Ska-Line,  in  tho  sea-language, 
a small  line  to  sound  with  ; some  a hundred  and  fifty  fathoms 
long,  with  a plummet  hollow  at  the  head,  and  tallow  put  into  it, 
to  bring  up  stones,  gravel,  sand,  sholls,  and  the  like,  from  the 
bottom,  to  know  the  differences  of  the  ground. 

DEEP  WAISTED,  the  distinguishing  fabric  of  a ship’s 
decks,  when  the  quarter  deck  and  forecastle  are  elevated  from 
four  to  six  feet  above  the  level  of  the  upper  or  main  deck,  so 
as  to  leave  a vacant  space,  called  the  waist,  on  the  middle  of 
the  upper  deck. 

DE  FACTO,  something  actually  fact,  in  contradistinction  to 
dejure,  where  a thing  is  only  so  in  justice,  as  a king  He facto  is 
a person  in  possession  of  a crown,  but  without  a legal  right  to 
the  same;  and  a king  da  jure  is  he  who  has  just  right  to  the 
crown,  though  he  is  out  of  possession. 

DEFAMATION,  the  offence  of  speaking  slanderous  words 
of  another  ; and  where  any  person  circulates  any  report  inju- 
rious to  the  credit  or  character  of  another,  the  party  injured 
may  bring  an  action  to  recover  damages  proportioned  to  the 
injury  be  has  sustained;  but  it  is  incumbent  upon  the  party  to 
prove  that  he  h i*  sustained  an  injury,  to  entitle  him  to  damages, 
in  some  cases,  however,  as  for  words  spoken  which,  by  law, 
are  in  themselves  actionable,  as  calling  a tradesman  a bank- 
rupt. a cheat,  or  swindler,  &c.  there  is  no  occasion  to  prove 
any  particular  damage,  but  tho  plaintiff  must  be  particularly 
attentive  to  state  words  precisely  as  they  were  spoken,  other- 
wise he  will  he  nonsuited. 

DEFEASANCE,  in  Law,  a condition  relating  to  a deed  ; as 
to  a recognizance  or  statute,  which  being  performed  by  the 
recognizor,  tho  deed  is  defeated,  and  made  void,  as  if  it  bad 
never  been  done. 

DEFENCE,  in  Law,  a plea  made  by  the  defendant  after  the 
plaintiff’s  declaration,  vis.  that  he  defends  all  the  wrong,  force, 
and  damage*,  where  and  when  he  ought,  fee. 

DEFENDER  op  the  Faith,  a peculiar  title  given  to  the 
king  of  England  by  pope  Leo  the  Tenth,  to  king  Henry  the 
Eighth,  for  writing  against  Marlin  Luther  in  behalf  of  tho 
Church  of  Rome,  then  accounted  donticilittm  Jhlci  catholic *. 

DEFICIENT  Numbers,  in  Amhmetie,  those  whose  parts 
or  multiples  added  together  fall  short  of  the  integer,  of  which 
they  are  the  parts  ; such  is  8,  its  parts.  1,3,  4,  making  only  7. 

DEFILE,  in  Military  affairs,  a narrow  passage  through  which 
a company  of  horse  and  foot  can  pass  only  by  making  a small 


front,  so  that  the  enemy  may  take  an  opportunity  to  charge 
them  with  so  much  tho  more  advantage,  as  those  in  the  front 
aud  rear  cannot  como  to  the  relief  of  one  another. 

DEFINITION,  an  enumeration  or  specification  of  the  simple 
ideas  of  which  a compound  idea  consists,  in  order  to  ascertain 
its  nature  and  character. 

Definition,  in  Rhetoric,  a short  comprehensive  explana- 
tion.— The  special  rules  for  a good  definition  are,  1.  It  must  be 
adequate,  that  is,  it  must  agree  to  all  the  particular  species  or 
individuals  included  under  the  same  idea.  3.  It  must  be  pro. 
per,  and  peculiar  to  the  thing  defined.  These  rules  being 
observed,  will  render  a definition  reciprocal  with  the  thing 
defined,  that  is,  the  definition  may  be  used  in  its  place  ; or  they 
may  be  mutually  affirmed  concerning  each  other.  3.  A defini- 
tion should  be  clear  and  plain ; no  word  should  be  used  w hich 
has  any  difficulty  in  it.  4.  A definition  should  be  short,  w ithuut 
tautology  or  superfluous  words.  6.  Neither  the  thing  defined, 
nor  a synonymous  name,  should  make  any  part  of  the  defini- 
tion. Sec  the  author’s  Grammar  or  Louie  and  Intellectual 
Philosophy. 

DEFLAGRATION,  in  Chemistry,  the  act  of  burning  two  or 
more  sohstanccs  together,  as  charcoal  aud  nitre. 

DEFLECTION,  the  turning  any  thing  aside  from  its  former 
course  by  some  adventitious  or  external  cause.  The  wind  is 
often  applied  to  the  tendency  of  a ship  from  her  true  course, 
by  currents,  Sic.  which  deflect  or  turn  her  out  of  her  right  way. 

Deflection  of  the  Rayi  of  Light , is  a property  which  Dr. 
Hook  observed  in  IG74-6,  and  read  an  account  of  before  the 
Royal  Society,  March  18.  the  same  year.  Ho  says,  he  found 
it  different  from  both  reflection  and  refraction  ; and  that  it  was 
made  towards  the  suifaee  of  thcopaoous  body  perpendicularly. 
This  is  the  same  property  which  Sir  Isaac  Newton  calls  inllcc- 
tion.  It  is  called  by  others  diffraction. 

DEFLECTIVE  Forces,  are  those  forces  which  act  upon  a 
moving  body  in  a direction  different  from  that  of  its  actual 
course,  In  consequence  of  which  the  body  is  deflected,  or 
turned,  or  drawn  aside,  from  the  direction  in  which  it  is  mov- 
ing. Such  is  the  attractive  force  of  the  sun  upon  the  earth  in 
its  orbit. 

DEFOLIATION,  in  Bolany,  the  fall  of  the  leaves;  a term 
opposed  to  frondcscentia,  the  annual  reno\ation  of  the  leaves, 
produced  by  the  unfolding  of  the  buds  in  spring.  Most  plants 
in  coid  and  temperate  climates  shed  their  leaves  every  year ; 
this  happens  in  autumn,  and  is  generally  announced  by  the 
flowering  of  the  common  meadow  suffion.  The  term  is  only 
applied  to  trees  and  shrubs  ; for  herbs  perish  down  to  the  root 
every  year,  losing  stem,  leaves,  and  all. 

DEFORCEMENT,  in  Law,  the  casting  any  one  out  of  his 
land,  or  a withholding  of  lands  and  tenements  by  force  frrm  the 
right  owner. 

DEGLUTITION,  in  Medicine,  tho  act  of  swallowing  tho 
food,  performed  by  means  of  the  tongue  driving  the  aliment 
into  the  oesophagus,  which,  by  the  contraction  of  the  sphincter, 
protrudes  the  contents  downwards. 

DEGRADATION,  in  Paiuting.  expresses  tho  lessening  tho 
appearance  of  distant  objects  in  a landscape,  in  the  same  man- 
ner as  they  would  appear  to  an  eye  placed  at  that  distance 
from  them. 

DEGREE,  in  Algebra,  a term  applied  to  equations,  to  dis- 
tinguish the  highest  power  of  the  unknown  quantity.  Thus,  if 
the  index  of  that  power  be  3 or  4,  the  equation  is  respectively 
of  the  3d  or  4th  degree. 

Deo  bee,  in  Geometry  or  Trigonometry,  is  the  3GO th  part  of 
the  circumference  of  any  circle.  Every  circle  beiug  considered 
as  divided  into  380  parts,  called  degrees,  which  arc  marked  by 
a small  ° near  the  top  of  the  figure,  thus,  45°  is  45  degrees 
The  degree  is  subdivided  into  GO  smaller  parts,  called  minutes, 
the  minute  into  GO  others,  called  seconds  ; tho  second  into  00 
thirds,  &c.  Thus  45°  13'  30",  arc  45  degrees,  12  minutes,  30 
seconds. 

The  magnitude  or  quantity  of  angles  is  accounted  in  degrees; 
for  because  of  the  uniform  curvature  of  a circle  in  all  its  parts, 
equal  angles  at  the  centre  are  subtended  by  equal  arcs,  and  by 
similar  arcs  in  peripheries  of  different  diameters;  and  an  angle  is 
said  to  be  of  so  many  degrees  as  are  contained  in  the  arc  of  any 
circle  comprehended  between  the  legs  of  the  angle,  and  having 
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the  angular  poiot  for  its  centre.  Thus  we  say,  an  angle  of  00°, 
or  of  4fl°  24'.  It  is  also  usual  to  say,  such  a star  is  elevated  so 
many  degrees  above  the  horizon,  or  declines  so  many  degrees 
from  the  equator ; or  snch  a town  is  situated  so  many  degrees 
of  latitude  or  longitude.  A sign  of  the  ecliptic  or  zodiac 
contains  30  degrees. 

Degibe  of  Latitude,  is  the  space  or  distance  on  the  meridian 
through  which  an  observer  must  move,  to  vary  his  latitude  by 
one  degree,  or  to  increase  or  diminish  the  distance  of  a star 
from  the  cenith  by  one  degree ; and  which,  on  the  supposition 
of  the  perfect  sphericity  of  the  earth,  is  the  3G0th  part  of  (be 
meridian.  The  quantity  of  a degree  of  a meridian,  or  other 
great  circle,  on  the  surface  of  the  earth,  is  variously  determined 
by  different  observers,  and  the  methods  made  use  ol  are  ul*o 
various;  and,  therefore,  without  entering  into  all  (lie  h-ttories 
of  this  undertaking,  we  shall  present  our  readers  with  the 
following 

Table  of  the  different  Lengths  of  a Degree,  as  measured  in 
various  Parts  of  the  Earth,  tkt  Time  of  its  Measurement,  the 
Latitude  of  its  Middle  Point,  &c. 
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Ellipticities  of  the  Earth,  expressed  in  Parts  of  its 
Equatorial  Diameter. 
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EIUptlciUM. 

PRINCIPLES. 

Huygbens 

Newion, 

Maupertuis,  &c. 
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do  5 

sir 
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Theory  of  gravity. 
.Mensuration  of  arcs. 

Rotatory  morion. 

Vibrations  of  the  pendulum. 
Oecullations  of  the  fixed  stars. 
Precession  and  nutation. 
Theory  of  the  moon. 

Trcisnsoker 

Degree  of  longitude,  is  the  space  between  two  meridians 
that  make  an  angle  of  1°  with  each  other  at  the  poles  ; the 
quantity  or  length  of  which  is  variable,  according  to  the  lati- 
tude, being  every  where  as  the  cosine  of  the  latitude,  viz.  as 
the  cosine  of  one  latitude  is  to  the  cosine  of  another,  so  is  the 
length  of  a degree  in  the  former  latitude  to  that  in  the  latter, 
on  the  supposition  that  the  earth  is  spherical.  Hut  taking  the 
earth  as  a spheroid,  the  degiee  of  longitude  may  be  found  in 
any  given  latitude  L,  by  saying,  I.  As  the  equatorial  diameter  is 
to  the  polar,  so  is  tang.  t*»u  — L.  to  tang,  of  an  angle  A ; then, 
3.  As  radius  is  to  sine  of  A,  so  is  the  length  of  a degree  of  the 


equator  to  the  length  of  a degree  on  the  parallel  of  the  given 
latitude.  From  these  principles  is  the  following  Table  com- 
puted, for  expressing  the  length  of  a degree  of  longitude  in 
different  latitudes,  supposing  the  earth  to  possess  a perfect 
sphericity. 
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Degree,  in  Universities,  denotes  a quality  conferred  on  the 
students  or  memhers  thereof,  as  a testimony  of  (heir  protirioncy 
in  the  arts  or  sciences,  and  entitling  them  to  certain  privileges. 
The  degrees  are  much  the  same  in  all  universities,  but  the 
laws  thereof,  and  the  previous  discipline  or  exercise  differ. 
The  degrees  are.  Bachelor,  Master,  and  Doctor  ; instead  of 
which  last,  in  some  foreign  universities,  they  have  Licentiate. 

DEINCLINERS,  in  Dialing,  are  those  dials  which  both 
decline  and  incline  or  recline  at  the  same  time. 

DEISTS,  in  the  modern  sense  of  the  word,  persons  in  Chris* 
tian  countries,  who,  acknowledging  all  the  utilisations  and 
duties  of  natural  religion,  disbelieve  revealed  religion.  They 
arc  so  called  from  their  belief  in  God  alone. 

DELEGATES.  Court  of,  is  so  called  because  the  judges 
thereof  are  delegated  by  the  king's  commission  under  the  great 
seal,  to  hear  and  determine  appeals  in  the  three  following 
cases:  I.  Where  a sentence  is  given  in  any  ecclesiastical 
cause  by  the  archbishop,  or  his  official.  ‘2.  W hen  any  sentence 
is  given  in  any  ecclesiastical  cause  in  the  places  exempt.  3, 
When  a sentence  is  given  in  the  admiral  s court,  in  suits  civil 
and  marine,  by  order  of  the  civil  law.  This  commission  is 
usually  filled  with  lords  spiritual  and  temporal,  judges  of  the 
courts  at  Westminster,  and  doctors  of  the  civil  law. 

DELFT  W'are,  a kind  of  pottery  covered  with  an  enamel  or 
white  glaring,  which  gives  it  the  appearance  and  neatness  of 
porcelain.  Some  kinds  of  this  enamelled  pottery  differ  much 
from  others,  either  in  their  sustaining  sudden  beat  without 
breaking,  or  in  the  beauty  and  regularity  of  their  forms,  of  their 
enamel,  and  of  the  painting  with  which  they  are  ornamented. 
In  general,  the  fine  and  beautiful  enamelled  ware,  which  ap- 
proaches the  nearest  to  porcelain  in  external  appearance,  is  at 
(he  same  time  that  which  least  resists  a brisk  fire.  Again, 
those  which  sustain  a sudden  heat  are  coarse,  and  resemble 
common  pottery.  This  kind  of  waro  has  its  name  from  Delft, 
in  Holland,  where  it  is  made  in  large  quantities. 

DELIQUESCENCB,  in  Chemistry,  denotes  the  property 
possessed  by  certain  bodies,  of  attracting  moisture  from  the  air, 
and  thereby  becoming  liquid. 

DELIQUIUM,  in  Chemistry,  the  dissolution  or  melting  of 
a salt  or  calx  by  sospending  it  iu  a damp  place  under  ground. 

DEMESNE,  signifies  the  king’s  lands,  appertaining  to  him 
in  properly.  No  common  person  has  any  domains,  simply 
understood,  for  we  have  no  land  (that  of  the  crown  only  ex- 
cepted) which  is  not  hidden  of  a superior,  as  all  depends  either 
mediately  or  immediately  on  the  crown. 

DEMETRIUS,  a celebrated  Cynic  philosopher,  who  lived  in 
the  time  of  the  Emperor  Vespasian. 
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DEMI-CULVERIN,  a piece  of  ordnance,  (he  least  of  which 
m four  one-fourth  inches  bore.  10  feet  loan:,  and  2000  lbs.  weight. 
It  carries  a ball  of  four  inches  diameter,  and  of  nine  pounds 
weight,  and  iUt  level  range  is  174  paces.  A demi-culveiin  of 
the  largest  sort  is  four  three- fourths  inches  bore,  10  one-third 
feet  long,  and  weighs  3000  pounds.  It  carries  a ball  of  four 
and  a half  inches  diameter,  weighing  12  pounds  11  ounces, 
point-blank  178  paces. 

DEMI  LUNE,  Half  Moon,  in  Fortification,  an  outwork  con* 
listing  of  two  faces  and  two  flanks. 

DEMISE,  in  Law,  is  applied  to  an  estate  in  fee  simple,  fee 
tail,  or  for  term  of  life,  and  so  it  is  commonly  taken  in  many 
writs. 

DEMOCRACY,  in  Law  and  polity,  denotes  a popular 
government,  or  that  where  the  supreme  power  is  in  the  hands 
of  the  people.  Such  for  a time  were  ancient  Rome  and  Athens. 

DEMOCRITUS,  one  of  the  greatest  philosophers  of  anti- 
quity, who  flourished  about  300  years  before  the  Christian  sera, 

DBMOIVRE,  Abraham,  an  eminent  mathematician,  was 
born  in  France,  May  1667,  but  settled  in  England  at  the  age  of 
eighteen,  where  he  continued  to  reside  till  bis  death,  which 
happened  in  November  1764,  in  the  eighty-flrst  year  of  his  age. 

DEMONSTRATION,  a certain  or  convincing  proof  of  some 
proposition. 

Demonstration,  in  Logic,  a series  of  syllogisms,  all  the 
premises  of  which  are  definitions,  self-evident  truths,  or  propo- 
sitions already  established. 

DEMURRAGE,  an  allowance  given  to  the  commander  of  a 
trading  ship  by  the  merchants,  for  having  detained  him  longer 
n port  than  the  time  previously  appointed  for  his  departure. 

DEMURRER,  a pause  or  stop  put  to  the  proceedings  of  an 
action  upon  a point  of  difficulty,  which  must  he  determined 
by  the  court  before  any  farther  proceedings  can  be  bad  therein. 
He  that  demurs  in  law  confesses  the  facts  to  be  true,  as  stated 
by  the  opposite  party ; but  denies  that  by  tbe  law  arising  upon 
those  facts  any  injury  is  done  to  the  plaintiff,  or  that  the  defend- 
ant has  made  out  a lawful  excuse. 

DENARIUS,  in  Roman  antiquity,  the  chief  silver  corn 
among  the  Romans,  worth  in  our  money  about  7}d.  As  a 
weight,  it  was  the  seventh  part  of  a Roman  ounce. 

DENDRITES,  or  Arborizations,  an  appellation  given  to 
figures  of  vegetables  observed  in  fossil  substances,  and  which 
are  of  two  kinds,  the  one  superficial,  the  other  internal.  The 
first  are  chiefly  found  on  the  surface  of  stones,  and  between  the 
strata  and  Ibe  fissures  of  those  of  a calcareous  nature.  They 
are  mostly  brown,  changing  gradually  to  reddish  yellow.  The 
internal  dendrites  arc  of  a deep  black.  The  most  esteemed 
sorts  are  those  found  in  agates,  and  particularly  in  tbe  sar- 
donyx, cornelian,  and  other  precious  stones  brought  from  the 
east,  and  which  are  commonly  denominated  Moka  stones. 

DENDROMETER,  an  instrument  invented  by  Messrs.  Dun- 
combe  and  Whittel,  for  which  they  obtained  a patent,  and  so 
called  from  its  use  in  measuring  trees.  It  consists  of  a semi- 
circle divided  into  two  quadrants,  and  graduated  from  the 
middle ; and  upon  the  diameter  there  hangs  a plummet  for 
fixing  the  instrument  in  a vertical  position.  The  principal  nse 
of  it  is  for  measuring  the  length  and  diameter  of  any  tree  per- 
pendicular or  oblique  to  an  horizontal  plane,  or  in  any  situa- 
tion of  the  place  on  which  it  rests,  or  of  any  figure,  whether 
regular  or  irregular,  and  also  the  length  and  diameter  of  the 
boughs,  by  mere  inspection  ; and  the  inventors  of  it  have  calcu- 
lated tables,  annexed  to  their  account  of  the  instrument  itself, 
by  tbe  help  of  which  the  quantity  of  timber  in  a tree  is  obtained 
without  calculation,  or  the  use  of  the  sliding  role.  The  den- 
drometer,  fitted  to  a theodolite,  may  be  applied  to  measuring 
the  heights  and  distances  of  objects,  accessible  or  inaccessible, 
whether  situated  in  planes  parallel  or  oblique  to  the  plane  in 
which  the  instrument  is  placed.  It  may  be  also  used  for  taking 
all  angles,  whether  vertical,  horizontal,  or  oblique,  in  any  posi- 
tion of  the  planes  in  which  they  are  formed. 

DENEB,  an  Arabic  term  signifying  tail,  and  hence  applied 
to  the  names  of  certain  stars  in  the  tails  of  some  of  tbe  constel- 
lations, as  Dencb  Adige  in  the  tail  of  the  Swan. 

DENIZEN.  A denizen  is  an  alien  born,  who  has  obtained 
letters  patent  whereby  he  is  constituted  an  English  subject. 
A denizen  is  in  a middle  state  between  an  alien  and  a natural 


born  or  naturalized  subject,  partaking  of  the  nature  of  both. 
He  may  take  lands  by  purchase,  or  derive  a title  by  descent 
through  his  parents  or  any  ancestor,  though  they  be  aliens 

DENOMINATOR  or  a Fraction,  is  that  number  written 
below  the  line,  expressing  the  number  of  parts  into  which  the 
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unit  is  supposed  to  be  divided;  thus,  in  tbe  fractions 
12  and  b are  tbe  denominators. 

DENSITY,  strictly  speaking,  denotes  vicinity  or  closeness 
of  particles  ; but  in  mechanical  science  it  is  used  as  a term  of 
comparison,  expressing  the  proportion  of  the  number  of  equal 
molecular,  or  the  quantity  ol  matter  in  one  body  to  the  number 
of  equal  molecular  in  the  same  bulk  of  another  body  ; density, 
therefore,  is  directly  as  the  quantity  of  matter,  and  inversely 
as  tbe  magnitndo  of  the  body.  Since  it  may  be  shewn  experi- 
rimentally,  that  tbe  quantities  of  matter,  or  the  masses  in 
different  bodies,  are  proportional  to  their  weight,  of  conse- 
quence. tbe  density  of  any  body  is  directly  as  its  weight,  and 
inversely  as  its  magnitude  ; or  the  inverse  ratio  of  the  magni- 
tudes of  two  bodies,  having  experimentally  equal  weight  (in 
tbe  same  place,)  constitutes  the  ratio  of  their  densities.  No 
body  is  absolutely  or  perfectly  full  of  matter,  so  as  to  have  no 
vacuity  or  interstices ; on  the  contrary,  it  is  the  opinion  of 
Newton,  that  even  the  densest  bodies,  as  gold.  Sec.  contain  hut 
a small  portion  of  matter,  and  a great  portion  of  vacuity,  or 
that  they  contain  a great  deal  more  pores  or  empty  space  than 
real  substance.  See  Impenetrability.' 

Density  of  the  Earth.  Tbe  dctciinination  of  tbe  density  of 
the  earth,  as  compared  with  that  of  water,  or  any  other  kuown 
body,  is  a subject  which  has  excited  considerable  interest 
amongst  modern  mathematicians,  and  nothing  can  at  first 
sight  seem  more  beyond  tbe  reach  of  human  science,  than  the 
dae  solution  of  this  problem,  yet  this  has  been  determined,  and 
on  such  principles,  that  if  it  be  not  correctly  true,  it  is  probably 
an  extremely  near  approximation.  Tbe  first  idea  of  determin- 
ing the  density  of  the  earth  was  suggested  by  M.  Bougucr,  in 
consequence  of  the  attraction  of  Cbimboraco,  which  affected 
his  plumb-line  while  engaged  with  Condatuinc  in  measuring  a 
degree  of  the  meridian,  near  Quito,  in  Peru.  This  led  lo  the 
experiments  on  the  mountain  Scbehallien,  in  Scotland,  which 
were  carried  on  under  the  direction  of  Dr.  Maskclyne,  and 
afterwards  submitted  to  calculation  by  Dr.  Hutton,  who  deter- 
mined the  density  of  the  earth  to  be  to  that  of  water,  as  41  to  1. 
But  in  consequence  of  the  specific  gravity  of  the  mountain 
being  assumed  rather  less  than  it  ought  to  have  been,  the  above 
result  is  less  than  the  true  density,  as  has  since  been  shewn 
by  Dr.  Hutton  and  Professor  Playfair,  the  former  of  whom 
makes  it,  in  his  corrected  paper,  as  M to  26.  or  nearly  as  6 to  1. 

The  same  problem  has  been  attempted  oo  similar  principles, 
but  totally  in  a different  manner,  by  the  lato  Mr.  Cavendish, 
who  found  the  density  of  the  earth  to  be  to  that  of  water,  as 
6'48  to  I.  Taking  a mean  of  all  these,  we  have  the  density  of 
the  earth  to  that  of  water,  as  6 24  to  1,  and  which,  as  we  before 
observed,  is  probably  an  extremely  near  approximation. 

Density  of  tbe  Planets.  We  have  seen,  in  the  preceding 
part  of  this  article,  that  the  density  of  a body  is  directly  as  its 
mass,  and  reciprocally  as  its  magnitude;  therefore,  any  two  of 
these  being  given,  the  third  may  be  undetermined.  Now  the 
magnitude  of  the  several  planets,  as  also  of  tbe  sun,  being  sup- 
: posed  known  from  observation,  if  we  can  determine  their 
masses,  their  densities  will  thus  also  become  known. 

Tbe  power  of  attraction  with  which  any  central  body  acts 
upon  another  body  revolving  about  it,  is  directly  as  the  mass 
or  the  central  body,  and  reciprocally  as  tbe  square  of  the  dis- 
tance of  tbe  revolving  body;  and  this  power  may  be  measured 
by  the  deflection  of  the  revolving  body  in  a given  time  from  the 
direction  of  its  tangent.  Now,  if  we  consider  the  earth  as  the 
central,  and  tbe  moon  as  the  revolving  body,  the  deflection  of 
the  latter  in  ono  second  is  known  to  be  of  a foot,  that  is,  it 
deviates  so  much  from  the  direction  of  its  tangent  in  ono 
second  of  time,  as  may  be  readily  ascertained  by  computation, 
being  equal  to  (he  versed  sine  {of  tbe  arc  described  in  one 
second.  If  the  distance  between  the  earth  and  moon  had  beau 
double  what  it  is,  this  deflection  would  have  been  only  I of  the 
! above,  if  the  distance  were  only  half  what  it  is,  this  deflection 
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would  be  four  times  as  much,  and  so  on,  because  the  power  of  I 
the  central  body  is  reciprocally  as  the  square  of  its  distance. 
Again,  if  the  distance  of  the  bodies  remain  the  same,  and  the 
mass  of  the  central  body  be  doubled,  the  deflection  will  be 
doubled  ; if  tripled,  the  deflection  will  be  tripled,  and  so  on  ; 
because  the  power  of  the  central  body  is  directly  as  its  mass. 
Now  Jupiter’s  fir^t  satellite  revolves  about  that  planet  at  the 
same  distance  as  the  moon  does  about  the  earth,  but  its  deflec- 
tion in  one  second  is  256  times  that  of  tbe  moon  ; whence,  the 
distances  being  equal,  it  follows,  that  the  mass  of  Jupiter  is 
250  limes  greater  than  that  of  the  earth.  Had  these  distances 
not  been  equal,  we  must  have  found  what  tbe  deflection  of  tbe 
moon  would  be  at  the  given  distance  ; then  comparing  this 
with  that  of  the  satellite,  the  mass  in  any  other  case  might  be 
determined.  Having  thus  found  tbe  mass,  and  the  magnitude 
being  known,  we  shall  have,  assuming  the  mass  of  the  earth  as 
unity ; as  1 divided  bv  the  magnitude  of  the  earth,  is  to  the 
mass  of  any  planet  divided  by  its  magnitude;  so  is  1,  the 
density  of  the  earth,  to  the  density  of  the  planet;  and  in  this 
way  the  density  of  any  planet  having  a satellite,  may  he  readily 
computed.  In  other  cases,  recourse  must  be  had  to  the  dis- 
turbing force,  which  is  of  a very  laborious  computation.  The 
density  of  the  sun,  and  the  several  planets,  as  deduced  from 
Laplace’s  44  System  du  Monde,1'  is  as  follows  ; viz. 


Sun, ©-2*226 

Mercury, 25K130 

Venus, 1 02400 

Earth, 1*00000 


Mars O' 65630 

Jupiter, 0 20003 

Saturn 0 10340 

Uranus, 0*21086 


DENTIFRICE,  a remedy  for  the  teeth,  of  which  there  are 
various  kinds;  generally,  however,  they  arc  made  of  earthy 
aubstances  mixed  with  alum.  Those  formed  of  acids  are  very 
pernicious. 

DEO D AND,  in  Law,  is  a forfeiture  of  that  thing  or  animal 
which  occasions  the  death  of  a human  being  by  mischance. 
Where  the  death  is  purely  accidental,  and  no  blame  attached 
to  any  person,  the  coroner's  jury  usually  find  a deodand  of  one 


shilling. 

DEPARTURE,  in  Navigation,  is  the  casting  or  westing  of 
a ship  in  respect  of  the  meridian  it  departed  or  sailed  from  ; 
or  it  is  the  difference  of  longitude  in  miles  either  cast  or  west, 
between  the  present  meridian  the  ship  is  nnder,  and  that 
where  the  last  reckoning  or  observation  was  made. 

DEPOT,  any  place  in  which  military  stores  are  deposited. 
Also  a particular  place  at  the  tail  of  the  trenches,  out  of  the 
reach  of  the  cannon,  where  the  troops  generally  assemble  who 
are  ordered  to  attack  the  outworks. 

DEPRESSION  of  Equations,  in  Algebra,  is  the  reduction 
of  an  equation  to  one  of  lower  dimensions,  an  operation,  how- 
ever, that  can  only  be  effected  in  particular  cases,  viz.  when  a 
certain  relation  has  place  between  the  roots  of  the  equation  ; 
thus  if  an  equation  has  equal  roots  with  either  like  or  contrary 
signs,  or  if  the  equation  be  a reciprocal  one,  having  each  pair 
of  roots  the  reciprocal  of  each  other,  and  in  short  under  almost 
any  known  relution  of  the  roots  the  equation  may  be  depressed 
to  one  of  lower  dimensions.  If  on  equation  have  two  equal 
roots  it  may  be  depressed  one  degree;  if  three  equal  roots,  It 
may  be  depressed  two  degrees,  and  so  on ; and  in  reciprocal 
equations  of  even  dimensions,  may  be  depressed  to  half  the 
original  degree  ; and  if  they  are  of  odd  dimensions,  to  half  the 
original  degree  minus  1. 

DEPRESSION  of  thp.  Pole.  When  a person  sails  or 
travels  towards  the  equator  he  is  said  to  depress  the  pole  : be- 
cause as  many  degrees  as  he  approaches  nearer  the  equator,  so 
many  degrees  will  the  pole  be  nearer  the  horizon.  This  arises 
from  the  spherical  figure  of  the  earth.  When  a star  is  under 
the  horizon  it  is  termed  the  depression  of  that  star  under  the 
horizon.  The  altitude  or  depression  of  a star  is  an  arch  of  the 
vertical  circle,  or  azimuth,  intercepted  between  the  horizon 
and  the  star. 

Depression,  or  Dip  of  the  Visible  Horizon , denotes  its  sink- 
ing or  dipping  below  the  true  horizontal  plane,  by  the  observer's 
eye  being  raised  above  the  surface  of  the  sea;  in  consequence 
of  which  the  observed  altitude  of  an  object  is  by  so  much  too 
great.  The  following  table  shewn  the  depression  or  dip  at  the 
horizon  of  the  sea  for  different  heights  of  the  eye. 
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DERHAM,  John,  an  eminent  philosopher  and  mathemati- 
cian, born  at  Worcester  in  1057.  was  the  author  or  many 
valuable  articles  in  tbe  44  Philosophical  Transactions,**  Ac. 
Derh&m  died  in  1738,  at  Upminsler. 

DHRYIS,  a name  given  to  all  Mohammedan  monks,  though 
of  various  orders.  They  have  convents  in  the  same  manner  as 
the  monks  in  the  Catholic  and  Greek  churches. 

DESAGULIERS,  John  Theo.  an  eminent  experimental 
philosopher,  was  born  at  Rochelle,  in  France,  in  1083,  but 
educated  in  England,  where  he  afterwards  continued  to  reside. 
He  was  a member  of  several  learned  societies,  and  made 
numerous  communications  on  the  subjects  of  optics,  mechanics, 
Ac.  both  to  the  Royal  Society  of  London,  and  to  the  Academy 
of  Sciences  at  Pam. 

DESCENSION,  Right,  the  arc  of  Ihe  equator  which 
descends  with  the  sign  or  star  below  the  horizon  of  a direct 
sphere ; and  oblique  Desceniion  is  Ihe  arc  of  the  equator  that 
descends  with  the  sun  or  star  in  an  oblique  sphere. 

DESCENT  or  Bodies,  in  Mechanic’',  is  their  motion  or 
tendency  towards  the  centre  of  the  earth,  cither  in  a direct 
or  oblique  direction.  The  laws  of  the  desrent  of  bodies 
in  free  space  are  given  in  the  article  Acceleration, 
their  descent  along  inclined  planes  in  the  article  Inclined 
Plane,  and  in  fluids  under  Resistance.  We  shall,  there- 
fore, merely  refer  to  a singular  phenomenon  respecting  falling 
bodies,  which  is  their  deviation  from  the  perpendicular,  occa- 
sioned by  the  rotation  of  the  earth  on  its  axis.  When  the 
idea  of  the  earth's  motion  was  started  by  Copernicus,  it  was 
strongly  objected  to  it,  that  if  the  egrlh  really  revolved,  a stone 
let  fall  from  the  top  of  a tower  ought  to  fall  considerably  to  Ihe 
westward  of  tbe  foot  of  it,  being,  according  to  their  notion,  left 
behind  by  the  motion  of  the  earth  ; and  the  supporters  of  the 
doctrine  were  not  then  sufficiently  acquainted  with  the  compo- 
sition of  motion  to  explain  away  the  difficulty.  However,  when 
the  laws  of  motion  became  better  understood,  it  was  discovered, 
that  the  body,  instead  of  falling  to  the  westward  of  the  tower, 
ought  to  fall  a little  to  Ihe  eastward  oi  it,  in  consequence  of 
the  velocity  of  rotation  being  greater  at  the  top  than  at  the  foot 
of  the  tower:  and  this  deviation  is  said  to  have  been  really 
detected  by  M.  Guglielmini  and  M.  Bcnzenberg,  the  former 
finding  it  to  he  equal  to  8 lines  in  falling  241  feet,  and  the 
latter  5 lines  for  a fall  of  262  feet.  Bur  how  far  experiments 
on  such  delicate  subjects  may  be  depended  on,  may  be  a mat- 
ter of  doubt.  but  of  the  truth  of  tbe  theoretical  deflection  no 
doubt  can  be  entertained. 

DESCENT,  in  Heraldry,  expresses  the  coming  down  of  any 
thing  from  above  ; as.  a lion  en  descent  with  his  head  towards 
the  base  points  and  his  heels  towards  one  of  the  comers  of  the 
chief,  as  If  he  were  leaping  down  from  some  high  place. 

Descent,  Line  of  Swiftest,  is  that  which  a body,  falling  by 
the  action  of  gravity,  describes,  in  the  shortest  time  possible, 
from  one  given  point  to  another.  And  this  line  is  the  arc  of  a 
cycloid,  when  tbe  one  point  is  not  perpendicularly  over  the 
other.  , , lL 

Descent,  in  Law,  is  the  title  by  which  a man,  on  the  death 
of  his  ancestor,  acquires  his  estate  by  right  of  representation 
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a*  his  lirir  at  law  ; and  an  estate  so  descending  to  the  heir  is 
in  law  called  the  inheritance. 

DESIDERATUM,  the  desirable  accomplishment  of  some 
advancement  in  art  or  science ; as,  the  use  of  pendulums 
where  there  are  irregular  motions. 

DESIGN,  in  Painting,  the  first  idea  of  a large  work  drawn 
roughly,  and  on  a small  scale,  with  the  intention  of  being 
executed  and  finished  in  large.  See  Drawinq.  In  Music, 
design  means  both  the  invention  and  execution  of  tho  subject, 
in  all  its  parts,  and  agreeably  to  the  general  order  of  the 
whole.  In  Manufactures,  design  expresses  the  figures  with 
which  the  workman  enriches  his  stuff  or  silk,  and  which  he 
copies  after  his  own  drawing  or  the  sketches  of  some  artist.  In 
Building,  the  term  ichnography  may  be  used,  when  by  design 
is  only  meant  the  plan  of  a building,  or  a flat  figure  drawn 
on  paper;  when  some  side  or  face  of  the  building  is  raised 
from  the  ground,  wo  may  use  the  term  orthography:  and  when 
both  front  and  sides  are  seen  in  perspective,  it  may  be  termed 
scenography. 

DESCRIBENT,  in  Geometry,  is  the  line  or  surface,  from 
the  motion  of  which,  a surface,  or  body,  is  supposed  to  be 
generated  or  described. 

DESCRIPTIVE  Gf.omktry,  the  name  given  to  a species  of 
geometry  almost  entirely  new,  and  which  we  owe  in  great  mea- 
sure to  M.  Monge.  When  any  surface  whatever  penetrates 
another,  there  most  frequently  result  from  their  intersection 
etttves  of  double  curvature,  the  determination  of  which  is 
necessary  in  many  arts,  as  in  groined  vault-work,  cutting 
arch  stones,  wood-cutting,  for  ornamental  work.  Ac.  the  form 
of  which  is  frequently  very  singular  and  complicated  : it  is  in 
the  solution  of  problems  appertaining  to  these  subjects  that 
descriptive  geometry  is  especially  useful.' 

DETACHED  Pitcii,  in  Fortification,  arc  outworks  at  a 
distance  from  the  body  of  the  place ; as  demilunes,  ravelincs, 
bastions,  Ac.  In  Painting,  the  figures  are  well  detached,  when 
they  stand  free  and  disengaged  from  each  other. 

DETACHMENT,  in  Military  aliairs,  a number  of  soldiers 
drawn  oat  from  regiments  or  companies  equally,  to  be  em- 
ployed as  the  general  thinks  proper;  whether  on  an  attack,  at 
a siege,  or  in  parties  to  scour  the  country. 

DETERMINATE  Problem,  in  Geometry,  that  which  has  a 
limited  number  of  answers:  as  the  following,  viz.  To  describe 
an  isoceles  triangle  on  a given  line,  whose  angles  at  tbe  base 
shall  he  double  that  at  the  vertex. 

DETINUE,  in  Law,  a writ  which  lies  where  any  man  comes 
to  goods  or  chattels  either  by  delivery  or  by  finding,  and  re- 
fuses to  give  them  up;  and  it  lies  for  the  detaining,  when  the 
detaining  was  nnlawful. 

DETONATION,  in  Chemistry,  the  noise  and  explosion 
which  any  substance  makes  upon  the  application  of  fire.  It  is 
also  called  folmination.  Hence  the  detonating  balls,  detonat- 
ing powder. 

DEVELOPMENT,  a term  in  frequent  use  among  modern 
algebraists,  to  denote  the  transformation  of  any  fraction  into 
the  form  of  a series. 

DEVELOPMENT  of  a Spheric  Surface  on  a Plank,  is 
applied  to  the  drawing  of  a small  portion  of  tbe  earth’s  surface 
in  a manner  nearly  spherical,  by  supposing  the  sphere  circum- 
scribed by  a polyhedron,  the  side  of  which  is  extended  upon  a 

{Wane.  In  approximating  the  development  of  the  spheric  sur- 
ace,  there  arc  two  methods  of  considering  the  subject : one, 
by  supposing  tbe  polyhedrous  surface  to  consist  of  conio  frus- 
tums, each  touching  the  surface  of  the  sphere  in  the  middle; 
tbe  other,  by  supposing  the  polyhedrous  surface  oomprised  of 
frustums  of  a cylinder,  meeting  each  other  in  planes  passing 
through  the  centre  of  the  sphere,  and  intersecting  each  other 
in  one  common  diameter  as  an  axis ; and  because  both  the 
conic  and  cylindrie  surfaces  are  developable,  the  surface  of  tbe 
circumscribing  polyhedron  will  also  be  developable,  and  there- 
fore will  admit  of  being  correctly  represented.  Now,  suppos- 
ing all  the  sides  of  Urn  figure  to  lie  equal,  and  increased 
in  number  at  pleasure,  the  greater  the  number,  the  nearer 
will  the  surface  of  tbe  polyhedron  coincide  with  that  of  the 
sphere;  and  consequently , any  portion  of  the  developed  surface 
of  the  polyhedron,  will  be  very  nearly  equal  and  similar  to  the 
corresponding  portion  of  the  spheric  surface.  Each  of  these 


different  methods  of  representing  the  spheric  surface  has  its 
peculiar  advantage  and  disadvantage,  wheo  applied  to  the  art 
of  map  making:  the  conic  method  of  development  is  best 
adapted  to  represent  countries  to  any  extent  in  the  differ- 
ence of  longitude,  or  round  ibe  whole  circumference  of  tho 
earth  if  required,  to  a certain  extent  in  difference  of  latitude  ; 
and  the  cylindrie  method  of  development  is  well  adapted 
to  represent  countries  contained  between  any  two  parallels  of 
latitude,  but  not  to  have  any  considerable  difference  of  longi- 
tude. Of  these  two  different  projections  by  development,  the 
conical  projection  is  the  most  simple,  and  is  attended  with  the 
least  trouble,  on  account  of  the  facility  of  describing  the 
parallels  of  latitude  in  concentric  circles,  and  tbe  meridians  in 
straight  lines.  In  comparing  a spherical  zone  to  a truncated 
cone,  in  order  to  construct  its  development,  we  view  the 
parallels  as  circles  described  from  (he  summit  of  tbe  cone 
taken  as  a common  centre ; and  the  meridians  are  right  lines 
subjected  to  pass  through  that  point.  It  is  visible  that  the 
result  will  approach  tbe  nearer,  in  proportion  as  tbe  map  shall 
embrace  less  extent  in  latitude.  This  projection  may  vary  in 
different  ways;  for  it  may  he  supposed  that  tbe  cone  is  a tan- 
gent to  the  middle  parallel  of  the  map,  and  in  consequence, 
exterior;  or,  that  it  may  be  in  part  inscribed  in  Ibe  sphere, 
that  is  to  say,  formed  by  tbe  secants  of  tbe  meridians.  In  the 
first  case,  the  map  will  not  be  perfectly  exact,  except  on  the 
middle  parallel,  which  will  preserve  in  its  development  tho 
length  which  it  really  possesses  on  the  sphere ; but  the  paral- 
lels placed  above  and  beneath,  will  exceed  those  on  tbe  sphere, 
which  are  correspondent. 

With  respect  to  the  application  of  the  development  of  the 
conic  surface  in  tbe  construction  of  maps,  the  Rev.  Patrick 
Murdoch  proposed  to  substitute  to  the  tangent  cone,  a cone 
partly  inscribed  and  determined  upon  this  condition,  that  the 
part  of  the  urea  comprehended  in  the  wap,  should  he  equivalent  to 
that  of  the  spherical  zone  which  it  represents.*  Though  it  may 
be  difficult,  at  first  sight,  to  conceive  that  the  surface  of  the 
globe  can  be  represented  by  a part  of  the  surface  of  a cone, 
yet  this  is  the  case  in  regard  to  D Anvillc's  map  of  Russia. 
You  may  easily  form  tbe  surface  of  a cone,  of  any  plain  piece 
of  paper  cut  into  a circular  form  or  base ; and  you  will  as 
easily  consider,  that  if  a cone  about  twice  the  height  of  the 
semi-diameter  of  the  globe,  were  to  be  conceived  hs  standing 
on  the  same  base  with  the  hemisphere,  namely,  on  tbe  equator, 
the  surface  of  such  a conn  would  in  part  lie  within  the  surface 
of  the  globe ; and  then,  nothing  can  be  more  natural,  than  to 
suppose  that  the  surface  of  the  globe  at  so  small  a distance 
from  the  surface  of  the  cone,  might  be  very  easily  projected  or 
delineated  on  it;  and  iu  such  a case,  the  projection  of  the 
countries  and  their  bearings,  distances,  Ac.  will  be  very  nearly 
the  same  on  the  surface  of  the  included  part  of  the  cone,  as  on 
that  of  the  globe  itself;  and  when  such  a geographical  conical 
surface  is  cut  out  uud  expanded,  it  makes  the  map  now  under 
consideration. 

When  any  portion  of  the  earth's  surface  is  projected  on  a 
plane,  or  transferred  to  it  by  whatever  method  of  description, 
the  real  dimensions,  and  often  the  figure  and  position  of  coun- 
tries, arc  much  altered  and  misrepresented.  The  particular 
methods  of  description  used  among  geographers  are  so  various, 
that  we  might  suspect  them  to  bo  faulty ; but  in  most  of 
their  works  we  find  these  two  blemishes,  the  linear  dimensions 
visibly  false,  and  the  intersections  of  tne  circles  oblique ; so 
that  a quadrilateral  space  shall  often  be  represented  by  an 
oblique-angled  rhomboid  figure,  whose  diagonals  are  very  far 
from  equal ; and  yet,  by  a strange  contradiction,  you  shall  see 
a scale  of  distances  inserted  in  such  a map.  The  last  of  these 
blemishes  is  removed,  and  the  other  lessened,  in  some  maps  of 
P.  Schenk's  of  Amsterdam,  a 4#  map  of  the  Russian  empire," 
the  **  Germania  Criiica"  of  the  famous  Professor  Meyer,  and  a 
few  more.  In  these  the  meridians  are  straight  lines,  converg- 
ing to  a point,  from  which,  as  a centre,  the  parallels  of  latitude 
are  described,  and  I have  given  a rule  for  drawing  such  maps, 
under  the  article  Maps. 


* Set  the  Editor’s  Treatise  on  the  Coast rnetioa  if  forlbw  iff- 

kpMit.  p.  US,  Ac. 
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DEVISE,  or  Ditxce,  in  Heraldry,  Painting:,  and  Sculpture,  i 
nuy  emblem  used  to  represent  a certain  family,  person,  action,  I 
or  quality,  with  a suitable  motto  applied  in  a figurative  sense.  I 

Devise,  in  Law,  the  act  whereby  a person  bequeaths  his 
lands  or  tenements  to  another,  by  his  last  will  and  testament. 
The  person  who  makes  this  act,  is  called  the  devisor,  and  he  in 
whose  favour  the  act  is  made,  is  termed  the  devisee. 

DEW,  that  condensation  of  vapour  which  wc  perceive  on 
the  grass  of  the  fields,  ice.  and  which  is  produced  by  the  evapo- 
ration of  moisture  from  the  earth,  both  before  and  after  sun- 
set. Under  certain  circumstances,  the  air  holds  not  the  same  ; 
quantity  of  water  in  solution,  and  the  result  is  a deposition  of  : 
it  in  aqueous  particles;  during  day,  and  under  the  effects  of  | 
electricity,  definite  and  floating  clouds  are  the  result,  and  the 
processes  of  rain  often  commence  ; but  in  fine  weather,  in  the 
evening,  the  vapour  plane  being  destroyed,  the  vapour  so 
deposited  precipitates  down  in  dew.  During  the  heat  of  the 
day  a great  quantity  of  vapour  is  thrown  into  the  atmosphere 
from  the  surface  of  the  earth  and  waters.  When  the  evening 
returns,  if  the  vapour  has  not  been  carried  otf  in  part  by  cur- 
rents, it  will  often  happen  that  more  remains  diffused  in  the 
general  atmosphere  than  the  temperature  of  the  night  will 
permit  to  subsist  under  the  full  pressure  of  the  aqueous  atmo- 
sphere. A decomposition  of  the  latter  then  commences,  and  is 
continued  until  the  general  temperature  and  aqueous  pressure 
arrive  at  an  equilibrium,  or  until  the  returning  sun  puts  an  end 
to  the  process.  Dew  appears  only  on  calm  and  clear  nights : 
very  little  is  ever  deposited  in  opposite  circumstances,  and 
little  only  when  the  clouds  are  very  high.  It  is  never  seen  on 
nights  both  cloudy  and  windy  ; and  if  in  the  course  of  the  night 
the  weather,  from  being  serene,  should  become  dark  and 
stormy,  dew  which  had  been  deposited  will  disappear.  In 
calm  w cathcr.  if  the  sky  be  partially  covered  with  clouds,  more 
dew  will  appear  than  if  it  were  entirely  uncovered. 

DIABETES,  in  Physic,  an  excessive  discharge  of  urine, 
which  comes  away  crude,  and  exceeds  the  quantity  of  liquids 
drank. 

D1ACAUSTIC  CURVE,  a species  of  the  caustic  curves 
formed  by  refraction. 

DI ACOUSTICS,  or  Diaphonics,  the  consideration  of  the 
properties  of  sound  refracted  in  passing  through  different 
medium*. 

Dl.'KKESIS,  in  Grammar,  the  division  of  one  syllable  into 
two,  which  is  usually  noted  by  two  points  over  a letter,  as 
aulni  instead  of  nulic,  divsoliienda  for  dissolvcnda. 

DIAGNOSTIC,  in  Medicine,  a term  given  to  those  signs 
which  indicate  the  present  slate  of  a disease,  its  nature  and 
cause. 

DIAGONAL,  in  Geometry,  a right  line  drawn  across  a 
quadrilateral  or  other  figure,  whether  plane  or  solid,  from  the 
vertex  or  summit  of  one  angle  to  that  of  another ; and  is  by 
sonic  authors  called  the  diameter,  and  by  others  the  diametral 
of  the  figure.  It  is  demonstrable,  1.  That  every  diagonal 
divides  a parallelogram  into  two  equal  parts.  2.  That  two 
diagonals  drawn  in  any  parallelogram  bisect  each  other.  :i.  A 
line  passing  through  the  middle  point  of  the  diagonal  of  a 
parallelogram,  divides  the  figure  into  two  equal  parts.  4.  The 
diagonal  of  a square  is  incommensurable  with  one  of  its  sides. 

6.  The  sum  of  the  squares  of  the  two  diagonals  of  every  paral- 
lelogram is  equal  to  the  sum  of  the  squares  of  the  four  sides. 

0.  In  any  trapezium,  the  sum  of  the  squares  of  the  four  sides  is 
equal  to  the  sumof  the  squares  of  the  two  diagonals,  together  with 
four  times  the  square  of  the  distance  between  the  middle  points  of 
the  diagonals.  7.  In  any  trapezium,  the  sum  of  the  squares  of 
the  two  diagonals  is  double  the  sum  of  the  squares  of  two  lines 
bisecting  the  two  pairs  of  opposite  sides.  8.  In  any  quadrila- 
teral inscribed  in  a circlo,  the  rcctanglo  of  the  two  diagonals 
is  eqnal  to  the  sum  of  the  two  rectangles  under  the  two  pairs 
of  opposite  sides.  0.  In  every  parallelopiped  the  suin  of  tbo 
squares  of  the  four  diagonals  of  the  solid,  is  equal  to  the  sum 
of  the  squares  of  its  twelve  edges.  10.  In  every  hexaedron, 
regular  or  not,  the  sum  of  the  squares  of  the  twelve  edges,  plus 
the  sum  of  the  squares  of  the  twelve  diagonals  of  the  faces,  is 
equal  to  three  limes  the  sum  of  the  squares  of  the  four  diago- 
nals which  cross  the  solid,  plus  four  times  the  sum  of  the 
squares  of  the  six  right  lines  which  join,  two  by  two,  the  mid- 


dle points  of  those  four  latter  diagonals.  11.  In  every  poly- 
gon, and  in  every  polyedron,  the  sum  of  ihe  squares  of  the 
fines  which  join,  two  by  two,  the  middle  points  both  of  sides 
and  diagonals,  is  the  quarter  of  the  sum  of  the  squares  of  those 
sides  and  diagonals  ; multiplied  by  ibe  number  of  summit*  of 
the  polygon  or  polyedron,  diminished  by  two  units.  12.  A 
farther  generalization  of  the  latter  property  leads  to  the  most 
celebrated  property  of  the  centre  of  gravity. 

DIAGRAM,  is  a scheme  for  explanation  or  demonstration 
of  any  figure,  or  of  its  properties. 

DIAL,  or  Sun-Dial,  an  instrument  serving  to  measure  time, 
by  means  of  the  shadow  of  the  sun.  The  word  is  formed  from 
diet,  day,  because  indicating  the  hour  of  the  day.  The  ancients 
also  call  it  sciathericum,  from  its  doing  it  by  the  shadow. 

Dial  is  more  accurately  defined,  a draught,  or  description, 
of  certain  lines  on  a plane,  or  surface  of  a body  given,  so  con- 
trived as  that  the  shadow  of  a stile,  or  ray  of  the  sun,  passed 
through  a hole  therein,  shall  touch  certain  points  at  certain 
hours  The  antiquity  of  dials  is  beyond  doubt.  Some  attri- 
bute their  invention  to  Anaximenes  Milcsius,  and  others  to 
Thales.  Vitruvius  mentions  one  made  by  the  ancient  Chaldee 
historian  Bcrosus,  on  a reclining  plane,  almost  parallel  to  the 
equinoctial.  Aristarchus  Samius  invented  the  hemispherical 
dial.  And  there  were  some  spherical  ones,  w ilh  a needle  for  a 
gnomon.  The  discus  of  Aristarchus  was  nn  horizontal  dial, 
with  its  limb  raised  up  all  round,  to  prevent  the  shadows 
stretching  too  far.  It  was  late  ere  the  Romans  became 
acquainted  with  dials.  The  first  was  set  up  by  Papirius  Cur- 
sor, at  or  near  the  temple  of  Quirinus;  hut  being  inaccurate 
about  30  years  after,  another  was  brought  out  of  Sicily  by  tho 
consul  M.  Valerius  Mcssala,  which  be  placed  on  a pillar  near 
the  Rostrum  ; but  neither  did  this  shew  time  truly,  bccausenot 
made  for  that  latitude;  and  after  using  it  years,  Marlins 
Philippus  set  up  another  more  exact. 

The  diversity  of  sun-dials  arises  frnrn  the  different  situation 
of  the  planes,  and  from  the  different  figure  of  the  surfaces  upon 
which  thev  arc  ^described ; whence  they  become  denominated 
equinoctial,  horizontal,  vertical,  polar,  diiect,  erect,  (helming, 
inclining,  reclining , kc. 

Universal  Dial.  There  are  several  kinds  of  dials  called 
tinitcrsal,  because  they  serve  for  all  latitudes.  One  of  a very 
ingenious  construction  has  lately  been  invented  by  Mr.  G. 
Wright,  of  London.  The  hour  circle,  or  arch  E,  and  latitude 
arch  C,  arc  the  portions  of  two  meridian  circles ; one  fixed, 
and  the  other  moveable.  The  hour 
or  dial-plate  s r t at  the  top,  is 
fixed  to  the  arch  C,  and  has  an  index 
that  moves  with  the  hour  circle  E; 
therefore  the  construction  of  Ibis 
dial  is  perfectly  similar  to  the  con- 
struction of  the  meridians  and  hour- 
circles  upon  a common  globe.  The 

fecoliar  problems  to  be  performed 
y this  instrument  are,  1.  To  find 
the  latitude  of  any  place.  2.  The 
latitude  of  the  place  being  known, 
to  find  the  time  by  the  sun  and  stars. 
3.  To  find  the  sun  or  stars  altitude 
and  azimuth. 

But  the  dial  being  properly  ad- 
justed, a great  varietv  of  astrono- 
mical and  trigonometrical  problems 
may  be  wrought  upon  it,  which, 
however,  our  limits  will  not  allow  of 
detailing ; we  must  therefore  refer 
the  reader  to  Jones’s  “ Instrumental  Dialing,*'  where  he  will 
find  ample  information  on  this  subject. 

DIALING,  the  art  of  drawing  dials  on  the  surface  of  any 
given  body,  whether  plane  or  curved.  Dialing  is  wholly 
foond«d  on  the  first  motion  of  the  heavenly  bodies,  and  chiefly 
the  sun  ; or  rather  on  the  diurnal  motion  of  the  earth  ; so  that 
the  elements  of  spherics,  and  spherical  trigonometry,  should  be 
understood  before  a person  advances  to  die  theory  of  dialing. 
The  edge  of  the  plauc  by  which  the  time  of  the  day  is  found,  is 
called  the  stile  of  the  dial,  which  mast  be  parallel  to  the  earth's 
axis ; and  the  line  on  which  this  plane  is  erected,  is  called  the 
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substilc.  The  angle  included  between  the  subslile  and  stile,  is 
called  the  elevation  or  height  or  the  stile,  as  in  the  next  figure. 

The  principles  of  dialing 
nay  be  aptly  illustrated  by 
the  phenomena  of  a hollow  or 
transparent  sphere,  as  of  glass. 

Thus  suppose  a P Bp  to  repre- 
sent the  earth  as  transparent; 
and  its  tquator  as  divided  into 
24  equal  parts  by  so  many 
meridian  semicircles  a,  b,  c,  a, 
e,  Ac.  one  of  which  is  the  geo- 
graphical meridian  of  any 

*;ivcn  place,  as  London,  which 
t is  supposed  is  at  the  point 
m ; and  if  the  hour  of  12  were 
marked  at  the  equator,  both 
upon  that  meridian  and  the  opposite  one,  and  all  the  rest  of 
the  hours  in  order  on  the  other  meridians,  those  meridians 
would  be  the  hour  circles  of  London ; because,  as  the  sun 
appears  to  move  round  the  earth,  which  is  in  the  centre  of  the 
visible  heavens,  in  24  hours,  he  will  pass  from  one  meridian  to 
another  in  an  hour.  Then,  if  the  sphere  had  an  opaque  axis, 
as  F E terminating  in  the  poles  P and  n,  the  shadow  of  the 
axis,  which  is  in  tho  same  plane  with  the  son,  and  with  each 
meridian,  would  fall  upon  every  particular  meridian  and  hour, 
when  the  sun  came  to  tho  plane  of  the  opposite  meridian,  and 
would  consequently  shew  the  time  at  London,  and  at  all  other 
places  on  the  same  meridian.  If  this  sphere  were  cut  through 
the  middle  by  a solid  plane  A BC  D in  the  rational  horizon  of 
London,  ono  half  of  the  axis  E P would  be  above  the  plane, 
and  the  other  half  below  it ; and  if  straight  lines  were  drawn 
from  the  centre  of  the  plane  to  those  points  where  its  circum 
fercncc  is  cut  by  the  hour  circles  of  the  sphere,  those  lines 
would  be  the  hour  lines  of  an  horizontal  dial  for  London ; for 
the  shadow  of  the  axis  would  fall  upon  each  particular  hour 
line  of  the  dial,  when  it  fell  upon  the  like  hour  circle  of  the 
sphere,  as  in  the  annexed  figure. 

If  the  plane  which  cuts  the 
sphere  be  upright,  as  AFC  G, 
touching  the  given  place,  for 
example,  London  at  F,  and  di- 
rectly facing  the  meridian  of 
London,  it  will  then  become  the 
plane  of  an  erect  direct  south 
dial ; and  if  right  lines  be  drawn 
from  its  centre  E,  to  those  points 
of  its  circumference  where  the 
hour  circles  of  the  sphere  cut  it, 
these  w ill  be  the  hour  Hues  of  a 
vertical  or  direct  south  dial  for 
London,  to  which  the  hours  are 
to  bo  set  in  the  figure,  contrary 
to  those  on  an  horizontal  dial ; and  tho  lower  half  Ep  of  the 
axis  will  cast  a shadow  on  the  hour  of  the  day  in  this  dial,  at 
the  same  time  that  it  would  fall  upon  the  like  hour  circle  of  tho 
sphere,  if  the  dial  plane  was  not  in  the  way. 

If  the  plunc  still  facing  the  meridian,  be  made  to  incline  or 
recline,  any  number  of  degrees,  the  hour  circles  of  tho  sphere 
will  still  cot  the  edge  of  the  plane  in  those  points  to  which  the 
hour  lines  must  be  drawn  straight  from  the  centre ; and  the 
axis  of  the  sphero  will  cast  a shadow  nn  these  lines  at  the 
respective  hour.  The  like  will  still  hold,  if  the  plane  be  made 
to  decline  by  any  number  of  degrees  from  the  meridian  towards 
the  east  or  west,  provided  the  declination  be  less  than  90 
degrees,  or  the  reclination  be  less  than  the  co-latitude  of  the 
place,  and  the  axis  of  the  sphere  will  be  the  gnomon ; other- 
wise, the  axis  will  have  no  elevation  above  the  plane  of  the 
dial,  and  cannot  be  a gnomon. 

Thus  it  appears  that  the  plane  of  every  dial  represents  the 
plane  of  some  great  circle  on  the  earth,  and  the  gnomon  of  the 
earth's  axis  ; the  vertex  of  a right  gnomon,  the  centre  of  the 
earth  or  visible  heavens;  and  the  plane  of  tho  dial  is  just  as 
far  from  this  centre  as  from  the  vertex  of  this  stile.  The  earth 
itself,  compared  with  its  distance  from  the  sun,  is  considered 
as  a point;  and,  therefore,  if  a small  sphere  of  glass  be  placed 


upon  any  part  of  the  earth's  surface,  so  that  its  axis  be  parallel 
to  the  axis  of  tho  earth,  and  the  sphere  have  such  lines  upon  it, 
and  such  planes  within  it,  as  above  described ; it  will  shew  the 
hours  of  the  day  as  truly  as  if  it  were  plaecd  at  the  earth's 
centre,  and  the  shell  of  the  earth  were  as  transparent  as  glass. 

7 o describe  an  Horizontal  Dial,  geometrically,  as  in  the  an- 
nexed figure. — Draw  a meridian  line  K L,  (tee  Meridian 
Line,)  and  from  any  part  C,  erect 
the  perpendicular  C D,  and  make 
the  angle  C A D = to  the  latitude 
of  the  place,  and  draw  the  line  d E. 
meeting  within  E.  Make  EB- 
C D,  and  from  the  centre  B,  with 
radius  E B,  describe  a quadrant 
EBF,  which  divide  into  six  equal 
parts.  Through  E draw  E A per- 
pendicular to  A B.  From  the  centre 
B through  the  several  subdivisions 
of  the  quadrant  E F,  draw  the  lines 
B a,  BA,  Ac.  meeting  the  lino  d A 
in  the  points  a,  b,  c,  Ac. 

From  E draw  the  line  EA,  and  set  off  Er,  F f.  Eg,  Ac. 
respective  equal  to  Ea,  EA,  Ee,  Ac.  Through  the  point  A 
draw  the  lines  a XI,  AX,  clX,  Ac.  also  e I,  /II.  ^ I II,  Ac. 
which  will  be  the  several  hour  lines  required.  Then  at  A erect 
the  gnomon  or  stile  at  an  angle  equal  to  the  elevation  of  tbo 
pole,  or  latitude  of  the  place,  and  the  dial  will  be  complete. 

To  comimte  the  Angles  of  the  Hour  Lines , trigonometrically. 
As  Radius 

Is  to  the  sine  of  the  latitude  of  the  place, 

So  is  tangent  of  sun’s  distanco  from  the  meridian. 

To  the  tangent  of  the  angle  from  the  meridian  on  the  dial. 

The  preceding  construction  and  computation  for  the  case  of 
a horizontal  dial,  may  be  said  to  include  the  whole  theory  of 
dialing;  for  there  is  no  plane,  however  obliquely  situated  with 
respect  to  any  given  place,  but  what  is  parallel  to  the  horizon 
of  some  other  place,  and  therefore,  if  we  find  that  other  place 
by  a problem  on  the  terrestrial  globe,  or  by  a trigonometrical 
calculation,  and  construct  a horizontal  dial  for  it,  that  dial 
applied  to  the  plane  where  It  is  to  serve,  will  bo  a true  dial  for 
that  place. — Thus,  an  erect  direct  south  dial  in  611°  north  lati- 
tude. would  be  a horizontal  dial  on  the  same  meridian.  90° 
southward,  which  falls  in  with  38]°  south  latitude ; but  if  the 
upright  plane  declines  from  facing  the  south  at  the  given  place, 
it  would  be  a horizontal  plane  99°  from  that  place;  but  for  a 
different  longitude,  which  would  alter  the  reckoning  of  tho.hours 
accordingly. 

A Table  of  the  Angles  which  the  Hour- Lines  form  with  the 


Meridian  on  a Horizontal  Dial  for  every  half  Degree  of 
Latitude,  from  30°  to  59°  30\ 
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In  this  tabic,  the  angles  formed  by  the  lines  for  V in  the 
morning  and  VII  in  the  evening,  IV  in  the  morning  and  VIII 
in  the  evening.  Ac.  are  not  marked,  because  they  are  the  same 
as  those  for  Vll  in  the  morning  and  Via  the  evening,  VIII 
in  the  morning  and  IV  in  the  evening,  only  they  lie  on  oppo- 
site sides  of  the  VI  o'clock  hour-lines,  as  was  shewn  in  the 
construction  of  the  horizontal  dial. 

The  use  of  the  table  may  be  easily  comprehcnccd : if  the 
place  for  which  a horizontal  dial  is  to  be  made,  corresponds 
with  any  latitude  in  the  table,  the  angles  which  the  hour-lines 
make  with  the  meridian  may  be  seen  at  once.  For  example, 
it  appears  that  the  hoar  lines  of  XI  and  I must,  in  the  latitude 
of  60°,  make  angles  of  12y  321  w ith  the  meridian.  If  the  lati- 
tude be  not  contained  in  the  table,  proportional  parts  may  be 
taken  without  any  sensible  error.  Thus,  if  the  latitude  be 
64°  \&,  and  the  angles  made  by  the  hour-lines  of  XI  or  I be 
required,  as  it  appears  from  the  table  that  the  increase  of  91/ 
in  the  latitude,  viz.  from  54°  to  64°  30\  corresponds  to  an 
increase  of  4'  in  tho  hour  angle  at  the  centre  of  the  dial,  we 
may  infer,  that  an  increase  of  15'  will  require  an  increase  of  0! 
nearly,  and  therefore  that  the  angle  required  will  be  1*2°  Iff. 

Di  A LING -GLOBE,  an  instrument  of  brass  or  wood,  with  a 
plane  fitted  to  tbe  horizon,  and  an  iodex  so  contrived  as  to  give 
a clear  illustration  of  the  scientific  principles  on  which  dials  are 
constructed. 

DIALING-LINES,  or  Scales,  are  graduated  lines  placed 
ou  rulers,  or  the  edges  of  quadrants  and  other  instruments,  for 
the  construction  of  dials.  These  are,  1.  A scale  of  six  hours, 
which  is  a double  tangent,  or  two  lines  of  tangents,  each  of  45°, 
set  together  in  tbo  middle,  and  equal  to  the  line  of  sines,  with 
tbe  declination  set  against  tbe  meridian  altitudes  in  the  lati- 
tude of  the  place.  2.  A line  of  latitudes,  fitted  to  the  hour- 
scale,  and  made  by  this  canon:  As  the  radius;  the  chord  of 
90°  ; : the  Ungents  of  each  respective  degree  of  the  line  of 
latitudes  : tangents  of  other  arcs.  And  then  the  natural  sides 
of  these  arches  are  the  numbers,  which  taken  from  a diagonal 
•calc  of  equal  parts,  shall  graduate  the  divisions  of  the  line  of 
latitudes  to  any  radius.  The  lines  of  hours  and  latitudes  are 
general,  for  pricking  down  all  dials  with  centres.  The  other 
scales  are  particular,  and  give  the  several  requisites  for  upright 
declining  dials  by  inspection.  They  a ft,  1.  A line  of  chords. 
2.  A line  for  tbe  snbstiles  distance  from  the  meridian.  3,  A 
line  for  tbe  stile’s  height  4.  A line  of  the  angle  of  12  and  6. 
5.  A line  of  inclination  of  meridians. 

DIALING-SPHERE,  an  instrument  made  of  brass,  with 
several  semicircles  sliding  over  each  other  on  a moveable 
horizon,  to  demonstrate  the  nature  of  spherical  triangles,  and 
to  give  the  true  idea  of  drawing  dials. 

DIAMETER,  in  Geometry,  the  liae  which,  passing  through 
tbe  centre  of  a circle,  or  other  curvilinear  figure,  divides  it,  or 
its  respective  ordinates,  into  equal  parts. 

Conjugate  Diameter  of  a Conic  .Section,  is  a line  drawn 
through  tbe  centre  of  the  figure  to  its  sides,  and  the  shortest 
of  the  two  diameters  of  the  figure. 

Transverse  DIAMETER  of  a Conte  Section,  is  a line  drawn 
through  the  foci  to  the  carve. 

How  to  find  the  Diameter  of  Shot  or  Shells. — For  an  Iron 
ball,  whose  diameter  is  given,  supposing  a nine-pounder,  which 
is  nearly  four  inches,  say  tbe  eobe  root  2 08,  (of  nine  pounds,) 
is  to  four  inches,  as  tho  cube  root  of  the  given  weight,  is  to 
tho  diameter  sought.  Or,  if  4 be  divided  by  2 08,  tho  cube 
root  of  9,  the  quotient  1*923  will  be  the  diameter  of  one-pound 
abot,  which  being  continually  multiplied  bv  the  cube  root  of  the 
given  weight,  gives  the  diameter  required.  Or  by  logarithms 
thus  : If  the  logarithm  of  1923,  which  is  2-83079,  be  constantly 
added  to  the  third  part  of  the  logarithm  of  the  weight,  the  sum 
will  be  that  of  the  diameter.  Suppose  a shot  to  weigh  24  lbs. 
add  the  given  logarithm  283979  to  *460070,  the  third  part  of  the 
logarithm  1-3802112  of  24,  the  sum  *7440494  will  be  tbe  loga- 
rithm of  the  diameter  of  a shot  weighing  24  pounds,  which  is 
5-6468  inches.  If  the  weight  should  be  expressed  by  a frac- 
tion, tho  rule  is  tbe  same ; for  instance,  the  diameter  of  a 
pound  and  a half  hall,  or  three  seconds,  is  found  by  adding  the 
logarithm  *2839793  found  above,  to  0680971,  one- third  of  the 
logarithm  of  two-thirds  ; the  sum  -3426784  will  be  the  logarithm 
of  the  diameter  required,  i.c.  2 *2013  inches. 


Diameter  of  tbe  Planets,  fee.  in  Astronomy,  are  either  re* 
or  apparent.  The  real  diameters  arc  the  absolute  measure  of 
them  in  miles,  Ac.  and  their  apparent  diameters  are  the  angles 
under  whieb  they  appear  to  spectators  on  the  earth,  and  are 
therefore  different  under  different  circumstances  ; rtz.  accord- 
ing as  they  are  nearer  or  more  remote  from  the  earth.  As  these 
angles  are  very  small,  the  diameter  of  the  planet  may  be  con- 
sidered as  part  of  a circle  of  which  the  earth  is  the  centre,  and 
they  are  said  to  contain  so  many  minutes,  seconds,  Ac.  as  is 
measured  by  that  arc,  and  consequently  tho  apparent  diameter 
of  a planet  is  in  the  inverse  ratio  of  its  distance.  And  hence 
again,  the  apparent  diameters  and  distances  being  known, 
their  real  diameters  thence  become  determined. 

Table  of  the  Mean  and  Apparent  Diameters  of  the  Planets. 
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DIAMOND,  see  Chemistry,  for  the  properties  of  the  dia- 
mond. There  arc  various  kinds  of  diamonds,  as  the  Cornish, 
Rose  Arran,  Ac.  but  these  arc  inferior  to  the  diamonds  of 
Brazil;  and  these  last  to  the  gems  of  India.  Diamond,  in  the 
glass  trade,  is  an  instrument  used  for  cutting  glass,  in  which  is 
set,  in  lead  or  silver,  a crystal  or  gem  that  will  cut  glass. 

Diamond,  in  Heraldry,  expresses  the  black  colour  in  the 
achievements  of  peerage. 

Diamond  Mines  are  found  in  Brazil,  in  South  America;  and 
in  Golconda,  Visapour,  Bengal,  and  the  island  of  Borneo.  The 
diamond  can  ouly  he  cut  and  ground  by  itself  and  its  own  sub- 
stance. To  bring  it  to  that  perfection  which  augments  its  price 
so  considerably,  they  begin  by  rubbing  several  against  each 
other  while  rough,  after  having  first  glued  them  to  the  ends  of 
two  woodeu  blocks,  thick  enough  to  be  held  in  the  band.  It  is 
this  powder  thus  rubbed  off  tbe  stones,  and  received  in  a little 
box  for  tbe  purpose,  that  serves  to  grind  and  polish  the  stones. 
Diamonds  arc  cut  and  polished  by  a mill,  which  turns  a wheel 
of  soft  iron  spriukled  over  with  diamond  dust  mixed  with  oil  of 
olives.  The  same  dust,  well  ground  and  dilated  with  water 
and  vinegar,  is  used  in  tbe  sawing  of  diamonds,  which  is 
performed  with  an  iron  or  brass  wire,  as  fine  as  a hair.  Some- 
times, in  lieu  of  sawing  the  diamonds,  they  clean  them,  espe- 
cially if  there  are  any  large  shivers  in  them. 

The  first  water,  in  diamonds,  means  the  greatest  purity  and 
perfection  of  their  complexion,  which  ought  to  be  that  of  the 
purest  water.  When  diamonds  fall  short  of  this  perfection, 
they  aro  said  to  be  of  the  second  or  third  w*atcr,  Ac.  till  the 
stone  may  be  properly  called  a coloured  one  ; for  it  would  be 
an  impropriety  to  speak  of  an  imperfectly-coloured  diamond, 
or  one  that  has  other  defects,  as  a stone  of  a bad  water  only. 

For  the  valuation  of  diamoods  of  all  weights,  the  following 
rule  has  been  given.  First,  snppose  the  value  of  a rough 
diamond  to  be  settled  at  £2  per  carat  at  a medium,  then  to 
find  the  value  of  diamonds  of  greater  weight*,  multiply  the 
square  of  their  weight  by  2,  and  the  product  is  Ihc  value 
required:  t.g.  To  find  the  value  of  a rough  diamond  of  two 
carats;  2 x 2 = 4,  the  square  of  the  weight,  which  multiplied 
by  2,  gives  £ 8,  the  true  value  of  a rough  diamond  of  two 
earats.  For  finding  the  value  of  manufactured  diamonds,  we 
suppose  half  their  weight  to  be  lost  in  manufacturing  them  ; 
and  therefore,  to  find  their  value,  we  must  multiply  tbe  square 
of  double  their  weight  by  2,  which  will  give  their  true  value  in 
pounds.  Thus,  to  find  the  value  of  a wrought  diamond  weigh- 
ing two  carats ; we  first  find  tbe  square  of  doable  tbe  weight, 
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vi*.  4 X 4 — 10 ; then  16x2“  3 2.  So  (hat  the  true  value 
of  a wrought  diamond  of  two  carat*  is  £32,  Od  these  prirvci- 
pte*  Jeffries  ha*  constroctcd  tables  of  the  price  of  diamonds 
from  1 to  100  carat*.  The  value  of  diamonds,  however, 
depends  so  much  on  imagination,  and  not  on  real  use,  that  no 
positive  rule  can  be  given.  In  the  very  large  diamonds, 
Jeffries’s  role  will  be  far  from  the  troth. — Diamond  chemically 
analysed,  is  found  to  consist  of  puro  carbon,  that  is,  charcoal. 

Diamond,  Brilliant,  Is  that  which  is  cut  in  faces  at  the  top 
and  bottom ; and  whose  table,  or  principal  face  at  top,  is  flat. 

Diamond,  Hoee,  is  one  that  is  quite  flat  underneath,  with  its 
upper  part  cut  in  many  little  faces,  usually  triangles,  the  upper* 
most  of  which  terminates  in  a point. 

DIANj£  ARBOR,  or  Arbor  Lun*,  in  Chemistry,  the  bean* 
tlful  crystallisations  of  silver,  dissolved  in  nitrous  acid,  to 
which  some  quicksilver  is  added ; and  so  called  from  their  re- 
sembling the  trunk,  branches,  leaves,  be.  of  a tree. — ( Srr  page 
53,  col.  2.) 

DIANTHUS.  a genus  of  plants  belonging  to  the  class 
diandria,  or  hermaphrodite  plants,  as  the  clove  giltiflower, 
carnation,  pink,  sweet-william,  be. 

DIAPASON,  in  Mnsic,  an  interval  that  expresses  the  octave 
of  the  Greeks,  or  a rule  or  scale  whereby  musical  instrument 
makers  adjust  the  pipes  of  organs,  and  cot  the  holes  of  haut- 
boys, flutes,  Ac.  in  due  proportion,  for  performing  the  tones, 
semitones,  and  concords,  with  precision. 

DIAPHRAGM,  in  Anatomy,  the  midriff,  a strong  muscular 
substance  that  separates  the  breast  and  thorax  from  the  abdo- 
men. and  thus  portions  off  lb#  abdominal  and  thoracic  viscera. 

DIARRHCBA,  or  Looseness,  in  Medicine,  is  a frequent  and 
copious  evacuation  of  liquid  excrement  by  stool. 

DIARY,  a journal  or  day-book,  containing  an  account  of 
every  day’s  proceedings. 

DIASTOLE,  in  Physic,  signifies  the  dilatation  of  the  heart, 
auriclea,  and  arteries;  and  stands  opposed  to  the  systole,  or 
contraction  of  the  same  parts. 

DIATESSARON,  in  Music,  applied  by  the  Greeks  to  that 
interval  which  we  call  a fourth ; consisting  of  a greater  tone,  a 
lesser  tone,  and  one  greater  semitone.  The  word  is  also  used 
for  the  four  gospels,  arranged  after  the  manner  of  a harmony. 

DIBBLING,  in  Agriculture,  a mode  of  setting  corn,  or  other 
seeds,  practised  with  advantage  in  places  where  labour  is 
cheap;  It  is  chiefly  used  for  potting  wheat  crops  into  tbc 
ground.  The  practice  of  dibbling  was  first  introduced  into 
Norfolk,  about  twenty-five  years  ago.  The  method  of  dibbling 
is  this : when  the  land  is  ploughed  and  rolled,  a man  with  an 
iron  dibblo,  of  about  three  feet  long,  in  each  hand,  walking 
backwards,  makes  two  rows  of  holes  in  each  farrow,  at  about 
four  Inches'  distance  from  each  other,  and  an  inch  or  two  deep. 
The  dibbler  is  followed  by  two  or  three  women,  or  children, 
who  drop  two  or  three  grains  into  each  hole.  The  field  is  after- 
wards bush-harrowed.  The  usual  quantity  of  seed  is  from  a 
bushel  and  a half  to  two  bushels  per  acre,  and  the  expeutc  of 
labour  about  ten  shillings.  An  experienced  dibbler,  with  three 
active  attendants,  will  plant  half  an  acre  a day,  making  six 
boles  in  every  foot  length. 

DICE,  among  gamesters,  certain  cubical  pieces  of  bone  or 
ivory,  marked  with  dots  on  each  of  their  faces,  from  one  to  six, 
according  to  the  number  of  faces.  Sharpers  have  several  ways 
of  falsifying  diee : 1.  By  sticking  a hog’s  bristle  in  them  so  as 
to  make  them  run  high  or  low  as  they  please.  2.  By  drilling 
and  loading  them  with  quicksilver;  which  cheat  is  found  out 
by  bolding  them  gently  by  two  diagonal  corners ; for  if  false 
the  heavy  sides  will  turn  down.  3.  By  filing  and  rounding 
them.  But  all  these  ways  fall  short  of  tbo  art  of  the  dice 
makers  ; tome  of  whom  are  so  dexterous,  that  sharping  game- 
sters will  give  any  money  for  their  assistance. 

DIET,  in  Medicine,  comprehends  the  whole  regimen  or  ruel 
of  life,  with  regard  10  the  six  non-naturals ; air,  meats  and 
drinks,  sleep  and  w atching,  motion  and  rest,  passions  of  the 
mind,  retentions  and  excreiions.  Ur  it  may  merely  imply 
eating  and  drinking,  or  solid  aliments  and  liquids. 

DIETETICS,  the  Science  or  Philosophy  of  Diets:  that 
which  teaches  us  to  adapt  particular  foods  to  particular  organs 
of  digestion,  or  to  particular  slates  of  the  same  organs ; so  that 
the  greatest  possible  portion  of  nutriment  may  be  extracted 
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from  a given  quantity  of  nutritive  matter ; or  a sufficient  por- 
tion may  he  obtained  with  the  least  possible  quantity  of  organic 
action  and  exhaustion. 

DIFFERENCE,  is  the  remainder,  after  taking  the  less  of 
two  quantities  from  the  greater. 

Difference  of  Longitude  of  two  places,  is  an  arc  of  the 
equator  enntained  between  the  meridians  of  those  places. 

DIFFERENTIAL,  iu  the  higher  Geometry,  is  an  infinitely 
small  quantity,  or  part  of  quantity,  so  small  as  to  be  less  than 
any  assignable  one.  and  is  thus  denominated,  because  it  is 
frequently  considered  as  the  difference  of  two  quantities,  and 
. as  such  is  the  foundation  of  the  differential  calculus. 

Differential  ('otculus,  is  a method  of  differencing  quanti- 
ties. or  of  finding  an  infinitely  small  quantity,  which  being  taken 
infinite  times  shall  be  equal  to  a given  quantity  ; or  it  is  the 
arithmetic  of  the  infinitely  small  differences  of  variable  quanti- 
ties; and  thus  differs  iu  its  metaphysics  from  the  Uuxional 
calculus,  those  quantities  which  in  the  former  are  considered 
as  infinitely  small  differences,  being  in  the  latter  supposed  to 
he  the  infinitely  small  or  momentary  increments  of  variable  or 
flowing  quantities. 

DIGESTER.  The  digester  is  an  instrument  Invented  by  Mr. 
Papin  about  the  beginning  of  the  last  rentury.  It  ll  a strong 
vessel  of  copper  or  iron,  with  a cover  adapted  to  screw  on  with 
pieces  of  felt  or  paper  interposed.  A valve  with  a small  aper- 
ture is  made  in  the  cover,  the  alopper  of  which  valve  may  be 
more  or  less  loaded,  either  by  actual  weights,  or  by  pressure 
from  an  apparatus  on  the  principle  of  the  steelyard.  The  pur- 
pose or  this  vessel  is  to  prevent  the  loss  of  heat  by  evaporation. 
The  solvent  power  of  water  when  heated  in  this  vessel  is  greatly 
increased.  Papin’s  digester  was  constructed  on  the  principle 
of  mechanioal  pressure  being  necessary  to  elevate  fluids  to 
higher  temperatures  than  their  common  boiling  points. 

A is  the  boiler ; B the  lid,  fastened 
down  by  four  screws ; C a valve  to  allow 
the  escape  of  a small  ponion  of  steam,  to 
prevent  the  bursting  of  the  apparatus;  D 
is  a notched  lever,  on  which  a weight  E 
bangs,  to  prevent  the  valve  from  rising 
by  a slight  expansion  of  the  steam.  The 
weight  is  heavy  according  to  the  strength 
and  thickness  of  the  iron  of  which  the 
digester  is  formed.  The  whole  apparatus 
is  generally  made  very  strong,  to  prevent  accidents.  Animal 
bones  are  dissolved  with  great  facility  in  these  digesters,  in 
order  that  the  gelatine  confined  in  them  may  be  convert'  d into 
rich  soops,  Ac.  For  this  purpose,  they  have  been  much  used 
in  hotels,  coffee-houses,  and  family  establishments.  The  heat 
of  the  water  contained  Id  this  apparatus,  is  so  intense  as  to 
melt  lead. 

DIGESTION,  in  Medicine,  is  the  dissolution  of  the  aliments 
into  such  minute  parts  as  are  fit  to  enter  the  lacteal  vessels  and 
circulate  with  the  mass  of  blood.  The  food  is  first  couveyod 
to  the  stomach,  where  by  means  of  the  gastric  juice  it  is  con- 
verted into  chyme.  The  chyme  passes  into  the  intestinal  canal, 
where  it  is  subjected  to  a new  process,  being  gradually  decom- 
posed and  converted  into  chyle  and  excreraentitious  matter, 
which  by  means  of  the  bile  are  separated  from  each  other. 
The  c.xcrementi tious  matter  is  evacuated,  but  the  chyle  is 
absorbed  by  the  lacteal*,  and  conveyed  to  the  blood  vessels  by 
the  lungs. 

DIGGING,  among  miners,  the  operation  of  freeing  ore  from 
the  stratum  in  which  it  lies,  where  every  stroke  of  their  tools 
turns  to  account:  in  contradistinction  to  the  openings  made  in 
search  of  such  ore,  which  are  called  hatches  or  essay-hatches, 
and  the  operation  itself,  tracing  of  mines,  or  hatching. 

DIGITS,  or  Monadbs,  in  Arithmetic,  signify  any  integer 
under  10,  as  1, 2, 3, 4,  6. 6, 7, 8. 0. 

DIGGLES.  Leonard,  an  English  mathematician,  horn  at 
Barham,  in  Kent,  and  educated  at  University  college.  Oxford, 
wrote  a treatise  on  "Surveying,"  “ Geometry.”  and  " Prog- 
nostication everlasting  of  right  good  Effect,”  or.  •*  Choice 
Rules  to  judge  the  Weather  Gy  Sun,  Moon,  and  Stars,”  Ac. 
He  died  about  1674. 

Higgles.  Thomas,  son  of  the  preceding,  educated  at  Oxford, 
after  which  he  became  muster-master-geueralof  the  forces  sent 
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b/  queen  Elizabeth  to  the  Netherlands.  He  wrote  some  mili- 
tary pieces,  and  some  on  astronomy,  and  other  subjects  of 
mathematics.  Ho  died  in  1606. 

DIGIT,  in  Arithmetic,  signifies  any  one  of  the  ten  numerals, 
],  2, 3,  4, 6, 6,  7,  8. 9.0.  The  word  comes  from  digitus,  a finger ; 
thus  indicating  the  humble  means  originally  employed  in  coin* 
potations.  Digit,  is  also  a measure  equal  to  three-fourths  of 
an  inch. 

Digit,  in  Astronomy,  is  the  measure  by  which  we  estima.e 
the  quantity  of  an  eclipse.  The  diameter  of  the  sun  or  moon's 
disc  is  conceived  to  be  divided  into  12  equal  parts,  called  digits ; 
uod  according  to  the  number  of  those  parts  or  digits  which  are 
obscured,  so  many  digits  are  said  to  be  eclipsed.  When  the 
luminary  is  wholly  covered,  the  digits  eclipsed  are  precisely 
12  ; and  when  it  is  more  than  covered,  as  is  frequently  the  case 
in  lunar  eclipses,  then  more  than  12  digits  are  said  to  be 
eclipsed. 

DIKE,  or  Dyke,  a ditch  or  drain ; and  also  a work  of  stone, 
timber,  or  fascines,  raised  to  oppose  the  passage  of  the  waters 
of  the  sea,  a lake,  ri»CTt  or  the  like. 

DILAPIDATION,  is  where  an  incumbent  of  a church  living 
suffers  the  parsonage-house  or  oat-houses  to  fall  down,  or  be 
in  decay  for  want  ofneecssary  reparations  ; or  it  is  the  pulling 
down  or  destroying  any  of  the  houses  or  buildings  belonging 
to  a spiritual  living,  or  destroying  of  the  woods,  trees,  kc.,  ap- 
pertaining to  the  same  ; for  it  is  said  to  extend  to  committing 
or  Buffering  any  wilful  waste,  in  or  upon  the  inheritance  of  the 
cbnrcb. 

DIMENSION,  in  Geometry,  is  either  length,  breadth,  or 
thickness.  Thus  a line  has  only  one  dimension,  length;  a sur- 
face two.  length  and  breadth;  and  a body  or  solid,  length, 
breadth,  and  thickness. 

Dimension  of  an  Equation,  or  any  other  quantity  in  Algebra, 
Is  used  with  regard  to  the  highest  power  that  enters  into  its 
composition  ; thus  an  equation  is  said  to  be  of  one,  two,  three, 
kc.  dimensions,  according  as  it  involves  the  simple  quantity, 
the  square,  cube,  &c. ; so  that  a simple  equation  is  of  one 
dimension,  a quadratic  of  two,  a cubic  of  three,  8tc. 

DIMINUTION,  in  Architecture,  a contraction  of  the  upper 
part  of  a column,  by  which  its  diameter  ia  made  less  than  that 
of  the  lower  part. 

Diminution,  in  Law,  where  the  plaintiff  or  defendant  in  n 
writ  of  error,  alleges,  on  an  appeal  to  a superior  court,  that 
part  of  the  record  is  omitted,  and  remain*  in  the  inferior  court 
not  certified ; whereon  he  prays  that  it  may  be  certified  by 
certiorari. 

Diminution,  in  Music,  when  there  are  several  words,  which 
are  to  make  tones,  and  several  quick  motions  In  a cadcncc, 
several  quavers,  semiquavers,  fee.,  corresponding  to  a crotchet 
or  minim,  as  when  a semibreve  is  divided  into  two  minims,  four 
crotchets,  fee. 

DIMINUTIVE,  in  Grammar,  a word  formed  from  some 
other,  to  diminish  the  force  of  it.  or  to  signify  a thing  is  little  in 
its  kind.  Thas  Hal  is  a diminutive  of  Henry. 

DINOCRATES,  a celebrated  Macedonian  architect,  who 
nourished  in  the  time  of  Alexander. 

DIOCESE,  the  circuit  of  every  bishop's  jurisdiction.  For 
this  realm  bath  two  sorts  of  divisions  ; one  into  shires  or  coun- 
ties, in  respect  to  the  temporal  state ; and  another  into  pro- 
vinces, in  regard  to  the  ecclesiastical  state,  which  provinces 
arc  divided  into  dioceses.  The  provinces  are  two,  Canterbury 
and  York  ; whereof  Canterbury  includes  twenty-one  dioceses, 
or  sees  of  sufTragaa  bishops;  and  York  three,  besides  the 
bishopric  of  the  Isle  of  Man,  which  was  annexed  to  the  pro- 
vince of  York  by  king  Henry  the  Eighth. 

DION-4RA  MUSCEPULA,  or  Venue’s  Fly-Trap,  in  Botany, 
a sensitive  plant,  in  the  construction  of  which  nature  seems  to 
have  had  some  view  towards  its  nourishment,  in  forming  the 
tipper  joint  of  its  leaf  like  a machine  to  catch  food  ; and  placing 
upon  the  middle  of  it  the  bait  for  the  insect  that  becomes  its 
prey.  The  plant  is  of  the  monogynia  order,  in  the  decandria 
class.  It  grows  in  America,  in  wet  shady  place*,  and  (lowers 
in  July  and  August ; the  glands  of  those  exposed  to  the  son  are 
of  a beautiful  red  colour,  but  those  in  the  shade  are  of  a pale 
green.  The  roots  are  squamous,  sending  forth  few  fibres,  and 
are  perennial.  The  leaves  arc  numerous,  and  placed  in  a cir- 


cular order,  iointed  and  snccnlent ; the  upper  joints  consist  of 
two  lobes,  ol  a semi-oval  form,  with  the  margins  furnished  with 
stiff  hairs,  which  lock  in  each  other  when  they  close  ; the  upper 
surfaces  of  these  lobes  are  covered  with  red  glands,  cacn  of 
which  appears,  when  highly  magnified,  like  a compressed 
arbutus  berry.  The  stalk  is  about  six  inches  high,  round, 
smooth,  and  without  leaves,  ending  in  a spike  of  flowers,  milk- 
white,  and  standing  on  footstalks,  at  the  bottom  of  which  is  a 
little  painted  bractcn  or  flower-leaf. 

DIONYSIUS,  an  ancient  geographer,  supposed  to  have 
flourished  in  the  time  of  the  first  Augustus  Cirsar. 

DIOPHANTINB  Analysis,  or  Problems,  in  Algebra,  are 
certain  questions  relating  to  square,  rube,  kc.  numbers,  and 
rational  right-angled  triangles ; the  properties  of  which  were 
first  discussed  by  Diophantus,  in  bis  **  Arithmetic/' 

DIOPTRICS,  or  AsACLAsrics,  the  doctrine  of  refracted 
vision,  which  investigates  and  explains  the  effects  of  light 
refracted  by  passing  through  different  mediums,  as  air,  water, 
glass.  Ac.  and  particularly  lenses.  See  Refraction  and  Lens. 

DIP  of  the  Horizon,  is  an  allowance  made  in  all  astrono- 
mical observations  of  altitude  for  the  height  of  the  eye  above 
the  level  of  the  sea. 

DIPHTHONG,  in  Grammar,  a double  vowel,  or  the  mixture 
of  two  vowels  pronounced  together  so  as  to  make  one  syllable. 

DIPLOMATICS,  a word  derived  from  diploma,  in  this 
instance  signifying  the  king's  letters  patent,  for  the  immediate 
expediting  of  an  ambassador  or  envoy  to  a foreign  court.  The 
art  of  diplomatics  has  been  cultivated  with  gTcat  assiduity  by 
every  nntion  in  Europe  for  very  many  years  past,  and  men 
experienced  in  political  history,  of  engaging  manners,  and 
possessing  a considerable  share  of  duplicity,  bate  always  keen 
selected  by  each  to  practise  it. 

DIPPING,  among  Miners,  signifies  the  interruption  of  a 
vein  of  ore ; an  accident  that  gives  them  a great  deal  of  trouble 
before  they  can  discover  the  ore  again. 

DIPPING  NEEDLE,  or  Inclinatomy  Needle,  a magneti- 
cs! needle,  so  hung,  a*  that,  instead  of  play  ing  horizontally , and 
pointing  north  and  south,  one  end  dips  or  inclines  to  the  hori- 
zon, and  the  other  points  to  a certain  height  above  it,  as 
shewn  in  the  following  results  of  several  of  the  most  accurate 
experiments  (bat  have  yet  been  made  on  this  subject. 
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The  inventor  of  this  instrument  was  one  Robert  Norman,  a 
compass  maker,  of  Wapping,  about  the  year  1676. 

Some  have  endeavoured  to  find  the  latitude  and  longitude  of 
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places  by  means  of  the  dipping  needle,  particularly  Burrowes,  I 
Gilbert,  Bond,  Wbiston,  Ac.  ; but  ns  nothing  of  importance 
followed  from  their  attempts,  it  would  be  useless  to  enter  upon 
any  explanation  of  their  particular  methods  in  this  place. 
But  the  following  genera!  rule  may  be  adopted: — In  order  to  ) 
And  tbe  longitude  or  latitude  by  the  dipping  needle.  If  the 
lines  of  equal  dip,  belour  tbe  horizon,  be  drawn  on  maps,  or 
sea  charts,  from  good  observations  it  will  be  easy,  from  the 
longitude  known,  to  find  the  latitude;  and  from  the  latitude 
known,  to  find  the  longitude.  Suppose,  for  example,  you  were 
travelling  or  sailing  along  the  meridian  of  London,  and  found 
the  angle  of  dip,  with  a needle  of  one  foot,  to  be  TfP,  the  chart 
will  shew,  that  this  meridian  and  the  line  of  dip  meet  in  the 
latitude  of  6 3°  II' ; which  therefore  is  the  latitude  sought. 
Or  suppose  you  were  travelling  or  sailing  along  the  parallel  of 
London,  i.e.  in  51°  32*  north  latitude,  and  you  find  tbe  angle  of 
dip  to  be  74°.  This  parallel,  and  the  tine  of  this  dip  will  meet 
in  tbe  map  in  1°  4&  of  east  longitude  from  London,  which  is 
therefore  tbe  longitude  sought. 

DIRECT,  a term  frequently  used  in  Arithmetic,  Astronomy, 
Optics,  Ac.  to  denote  some  peculiar  condition  or  circumstance, 
as  Direct  Proportion,  Ratio,  Rags,  Vision,  Ac.  for  which  see  the 
respective  substances. 

Direct,  in  Astronomy.  See  Consequent) a. 

Direct  Dial,  is  one  which  points  directly  to  any  one  of  the 
four  cardinal  points,  and  is  hence  called  direct  east,  west,  north, 
or  south  dial,  according  to  the  point  towards  which  it  is  directed. 

Direct  Sphere . See  Right  Sphere. 

DIRECTION,  in  Astronomy,  the  motion  and  other  pheno- 
mena of  a planet  when  direct. 

Line  of  Direction,  in  Gunnery,  is  the  direct  line  in  which 
the  piece  is  pointed  ; and,  in  Mechanics,  the  same  term  implies 
the  line  in  which  a body  moves,  or  in  which  a force  is  applied. 
When  two  conspiring  forces  act  on  a body  at  tbe  same  time, 
tbe  angle  included  between  the  lines  of  their  direction  is  called 
tbe  angle  of  direction. 

Number  of  Direction,  in  tbe  Calendar,  is  the  number  of 
days  that  Septuagcsima  .Sunday  falls  after  the  seventeenth  day 
of  January. 

Quantity  of  Direction,  in  Mechanics,  is  a term  sometimes 
used  to  denote  wbat  is  more  commonly  called  Momentum. 

DIRECTLY,  is  used  in  nearly  the  same  sense  as  direct; 
thos  wc  say,  quantities  are  directly  proportional,  which  is  only 
another  way  of  stating  them  to  be  in  direct  proportion ; and 
in  Mechanics,  one  body  is  said  to  impinge  directly  upon 
another,  when  the  former  strikes  tbe  latter  perpendicular  to  its 
sorfacc. 

DIRECTRIX,  in  the  Conic  Sections,  is  a certain  right  line 
perpendicular  to  the  axis  of  the  curve,  and  frequently  referred 
to  in  treating  of  the  properties  of  those  figures,  from  tbe 
description  of  them  in  piano. 

Directrix,  ot  Dirtgeni,  is  also  that  line  or  plane  along 
which  another  line  or  plane  is  supposed  to  move,  in  the  gene- 
ration of  a surface  or  solid. 

DISABLED,  the  state  of  a ship  when,  by  the  loss  of  her 
masts,  sails,  yards,  or  rigging,  by  springing  a leak,  receiving 
some  fracture  in  tbe  hull,  or  other  disaster,  she  is  rendered 
incapable  of  prosecuting  her  voyage  without  great  difficulty 
and  danger. 

DISC,  the  face  of  the  sun  or  moon,  as  either  luminary 
appears  to  the  naked  eye. 

Disc,  in  Optics,  is  the  width  of  the  aperture  of  telescope 
glasses,  whether  plane,  convex,  concave,  Ac. 

DISCHARGE  or  Fluids,  through  apertures  in  the  sides 
and  bottoms  of  vessels,  is  a subject  which  has  engaged  tbe 
attention  both  of  theorists  and  experimentalists ; and  may  be 
considered  under  either  point  of  view.  We  shall  first  state  tbe 
principal  propositions  in  the  theoretical  part  of  the  subject, 
and  then  give  some  of  the  most  remarkable  and  accurate 
experiments,  by  Bossut,  Venturi,  Ejtelwcin,  Vince,  Young 
Leslie,  Ac. 

1.  If  a fluid  runs  through  a pipe  or  tube  of  aa  uniform  shape, 

nal  quantities  of  it  will  pass  through  every  parallel  section 

tho  tube.  This  is  evident,  because  the  same  quantity  of 
fluid  must  pass  through  the  same  section  in  the  same  time. 
But  though  the  water  runs  with  the  same  velocity  through 


every  section  of  the  tube,  it  docs  not  run  with  equal  velocity 
through  every  part  of  the  same  section.  Its  motion  is  swiftest 
towards  the  middle,  and  slower  towards  the  sides  of  the  tube, 
where  it  is  retarded  bv  friction. 

2 . If  a fluid  runs  through  a tube  or  pipe,  kept  constantly 
full  by  means  of  a proper  supply,  but  which  is  not  of  uniform 
shape ; then  the  velocity  of  the  fluids,  in  different  sections,  will 
be  inversely  as  tbe  areas  of  the  sections.  For  since  the  tube 
is  always  full,  the  same  quantity  of  water  must  pass  through 
every  section  of  it  in  the  same  time ; but  if  the  area  of  one 
section  be  half  as  great  as  the  area  of  another  section,  the 
same  quantity  of  water  cannot  pass  through  both  sections  at 
the  same  time,  unless  it  pass  through  the  former  section  with 
double  the  velocity  with  which  it  passes  through  the  latter.  If 
the  area  of  the  former  section  be  one-third,  or  one  fifth,  of  the 
area  of  tbe  latter,  the  same  quantity  of  water  must  pass  through 
the  former  with  a velocity  which  is  three  times,  or  five  times, 
the  velocity  with  which  it  passes  through  the  latter.  Hence 
the  velocities  mast  be  inversely  as  the  areas  of  the  sections. 

3.  If  a fluid,  flowing  through  a small  orifice  in  the  bottom  of 
a vessel,  be  kept  constantly  full  by  an  uniform  supply  at  the 
top,  tbe  velocity  of  the  discharging  fluid  will  be  equal  to  that 
acquired  by  a heavy  body  iu  falling  freely  through  the  height  of 
the  surfaca  of  tbe  fluid  above  the  orifice. 

Let  M N O P represent  a vessel  filled 
° with  a non-elastic  fluid  np  to  tbe  level  of 
IK;  M P,  the  bottom  in  which  is  the 
ii  aperture  C D (very  small  in  comparison 
with  M P),  CIKU  the  column  of  the 
fluid  standing  directly  above  the  aperture, 
and  C A B D the  lowest  lamina  of  the 
fluid  immediately  contiguous  to  the  aper- 
ture Also  let  « denote  tbe  velocity  which 
a heavy  body  would  acquire  in  falling 
freely  through  B D,  the  height  of  tho 
T lamina ; and  V tbe  velocity  acquired  by 
the  same  lamina  during  its  descent 
through  the  same  space  until  it  is  discharged  by  the  pressure 
of  the  column  CIKD.  If  wo  suppose  the  lowest  lumiua  of 
fluid  AC  D B,  to  fall  as  a heavy  body  through  the  height  B D, 
its  moving  orifice  will  be  its  own  weight.  Again,  suppose  it 
to  be  accelerated  by  its  own  weight,  together  with  tbe  pres- 
sure of  the  ambient  fluid,  about  the  eolumn  CIKD;  ni.  by 
the  weight  of  the  column  CIKD  through  the  same  space ; 
that  is,  while  it  is  accelerated  from  quiescence  until  it  is 
actually  discharged : then  the  velocity  in  tho  former  case  will 
be  to  that  in  the  latter,  as  tbe  moving  forces  and  the  times  in 
which  they  act  directly,  and  the  quantities  of  matter  moved 
inversely.  But  the  moving  forces  are  to  each  other,  as  the 
heights  B D and  K D ; the  times  io  which  they  act  are  inversely 
as  the  velocities,  the  space  through  which  the  body  is  accele- 
rated being  given ; and  the  quantities  of  matter  moved  are 

equal;  therefore  v:  V whence  r*:  V*:;  BD: 

KD.orv:  Vss  V BD:  J B D. 

Now  v is  the  velocity  which  a heavy  body  would  actually 
acquire  in  falling  through  the  space  B D ; consequently  V,  the 
velocity  of  tbe  discharging  fluid,  is  that  which  a heavy  body 
would  acquire  in  falling  through  K D,  the  whole  altitude  of  the 
fluid  above  the  oriflee. 

4.  In  tbe  same  manner  it  may  be  shown 
that  if  a pipe  be  inserted  horizontally  in 
it  the  vessel  M N O P the  plate  of  fluid 
A C B will  be  discharged  with  the  same 
velocity  as  before  (if  its  centre  of  pres- 
sure be  of  the  same  depth),  whatever  bo 
the  thickness  of  tbe  plate ; this  velocity 
— not  depending  upon  a continual  accele- 
ration  through  the  length  of  the  tube, 

m — - p otherwise  tho  effluent  fluid  could  not 

attain  its  full  velocity,  until  a column  had  been  discharged 
whose  base  is  equal  to  tbe  orifice,  and  height  equal  to  tbe 
length  of  the  tube ; whereas  we  find  by  experience,  that  this 
full  velocity  can  be  attained  by  tbe  thinnest  plate  which  can  be 
let  escape  from  the  aperture. 
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6.  The  velocities  and  quantities  discharged  at  different 
depths,  are  as  the  square  roots  of  the  depths. 

0.  The  quantity  run  out  in  any  time  is  equal  to  a cylinder, 
or  prism,  whose  base  U the  area  of  the  oriAce,  and  its  alti- 
tudes  the  space  described  in  that  time  by  the  velocity  acquired 
by  falling  through  the  height  of  the  fluid.  So  that  if  A denote 
tbe  height  of  the  fluid,  a the  area  of  the  aperture,  g z r 32J  1th 
feet,  or  386  inches,  and  t the  time  of  efflux,  we  shall  have,  for 
the  quantity  discharged,  Q = atj'ig  A, — or, 

When  a and  A are  expressed  in  feet,  Q zz  8*0208  at  J K feet. 

Wrhen  a and  A are  expressed  in  inches,  Q = 27*7387  at  J h 
inch. 

If  the  orifice  is  a circle  whose  diameter  is  d,  then  0*786308  d* 
mast  be  substituted  for  a ; 

And  when  <i  and  A are  expressed  in  feet,  Q “ 6 20952 d A 
feet. 

When  d and  A are  expressed  in  inches,  Q = 21*78502  d I*  V A 
inches. 

And  from  either  of  these  it  will  he  easy  to  find  either  a,  /,  or  A, 
when  the  other  three  quantities  arc  given. 

7.  Tbe  force  with  which  the  effluent  water  impinges  against 
any  quiescent  body,  is  proportional  to  the  altitude  of  the  fluid 
above  the  orifice.  For  the  force  is  as  the  velocity  multiplied 
by  the  quantity  of  matter ; but  tbe  quantity  discharged,  in  a 
given  time,  is  as  the  velocity ; therefore  tbe  force  is  as  the 
square  of  the  velocity;  that  is,  by  the  demonstration  of  the 
proposition,  (art.  3.)  as  the  height  of  the  fluid. 

8.  The  water  spouts  out  with  the  same  velocity  whether  it  be 
downwards,  or  upwards,  or  sideways;  because  the  pressure  of 
fluids  is  the  same,  in  all  directions,  at  the  same  depth. 

9.  When  a vessel  is  left  to  discharge  itself  gradually,  through 
an  orifice  in  ita  bottom,  if  the  area  of  the  section  parallel  to  the 
bottom  be  every  where  the  same,  tbe  velocity  of  the  surface  of 
the  fluid,  and  consequently  the  velocity  of  the  efflux,  will  be 
uniformly  retarded.  For  (by  prop.  2.1  the  velocity  of  the 
descending  surface  is  to  the  velocity  at  the  surface,  as  the  area 
of  the  orifice  to  the  area  of  the  surface,  which  is  a constant 
ratio ; consequently,  the  velocity  of  the  descending  surface 
varies  as  the  velocity  at  the  orifice,  or  as  the  square  root  of  A . 
that  Is,  the  velocity  of  tbe  descending  surface  varies,  as  the 
square  root  of  the  space  which  it  has  to  describe ; so  that  this 
exactly  corresponds  with  the  case  of  a body  projected  perpen- 
dicularly upwards,  where  the  velocity  is  as  the  square  root  of 
the  space  to  be  described : whence,  as  tbe  retarding  force  is 
constant  in  tbe  instance  referred  to,  it  must  also  be  oonstant  in 
tbe  case  before  us,  and  the  retardation  uniform.  From  this 
comparison  we  deduce  tbe  following  obvious  corollaries.  The 
quantities  of  water  in  a prismatic  vessel,  discharged  through 
an  aperture  in  the  bottom,  decrease  in  equal  times;  as  the 
aeries  of  odd  numbers  1,  3,6,  7,  9,  Ice.  taken  in  an  inverted 
order.  Tbe  quantity  of  water  contained  in  an  upright  prismatic 
vessel,  is  half  that  which  would  be  discharged  in  the  time  of 
the  entire  gradual  evacuation  of  the  vessel,  if  the  water  be  kept 
always  at  the  same  altitude. 

10.  If  upon  the  altitude  of  the  fluid  in  a vessel,  as  a diame- 
ter, we  describe  a semi-circle,  the  horizontal  space  described 
by  the  fluid  spouting  from  a vertical  orifice,  at  auy  point  in  tbe 
diameter,  will  be  as  the  ordinate  of  the  circle  drawn  from  that 
point ; the  horizontal  space  being  measured  on  the  plane  of 
the  bottom  of  tbe  vessel.  When  the  aperture  is  vertical,  and 
indefinitely  small  (as  supposed  here),  the  fluid  will  spout  out 
horizontally  with  the  velocity  due  to  the  altitude  of  the  fluid 
above  the  orifice  (by  prop.  3)  ; and  this  velocity,  combined  with 
the  perpendicular  velocity  arising  from  tho  action  of  gravity, 
will  cause  every  particle,  and  consequently  the  whole  jet,  to 
describe  the  curve  of  a parabola.  Now  the  velocity  with  which 
tbe  fluid  is  expelled  from  any 
bole,  as  6,  is  such  as  if  uni- 
formly preserved  would  carry  a 
particle  through  a space  equal 
to  2 II  G,  in  the  time  of  the  fail 
through  BG;  but.  after  quitting 
Ihe  orifice,  it  describes  the  para- 
bolic curve,  and  arrives  at  the 
horizontal  plane  C F in  the  same 
time  as  a body  would  fall  Creel) 


through  G D ; so  that  to  find  the  distance  D E.  since  the  times 
arc  as  the  roots  of  the  spaces,  we  have  this  analogy  ^/OB: 

,/OD::3UQ:DB=—  D=  a ./BQjBDsaO  H, 

by  the  nature  of  tbe  circle.  And  the  same  will  hold  with 
respect  to  any  other  point  in  B D.  If  the  apertures  be  made  at 
equal  distances  from  tho  top  and  bottom  of  the  vessel  (kept 
full  of  fluid),  the  horizontal  distances  to  which  the  water  will 
spout  from  these  apertures  will  be  equal.  For  when  Dj  — BG, 
we  shall  have  2v/By.jD~2v/BG.GD,  and  consequently 
D E the  same  in  both  cases.  When  the  orifice  is  at  the  point 
bisecting  the  altitude  of  the  fluid  in  the  vessel,  the  fluid  will 
snout  to  tbe  greatest  distance  on  the  horizontal  plane;  and 
that  distance,  if  measured  on  the  plane  of  the  bottom  of  tbe 
vessel,  will  be  equal  to  the  depth  of  tbe  fluid  in  it.  For  l K, 
the  ordinate  from  the  centre  I,  is  the  greatest  which  can  be 
drawn  in  the  semi-circle,  and  D F,  which  is  = 2 I K,  is  then  = 
2 B 1 = BD. 

We  have  already  extended  this  article,  and  therefore  must 
be  very  brief  in  stating  the  results  of  the  principal  experiments 
that  illustrate  this  interesting  inquiry.  With  respect  to  the 
quantity  of  fluid  discharged,  Bossut's  experiments,  made  with 
peculiar  accuracy,  demand  particular  notice.  They  are  ex- 
pressed in  the  following  table,  which  exhibits  the  quantity  of 
fluid  discharged  through  orifices  pierced  in  thin  plates;  in 
measures  of  the  Paris  foot  royal,  which  is  to  the  English  foot, 
as  1066  to  1000. 


Comum  At'itaS*  at 
tX»  W ater  in  ih»  R» 
••rroir  abort  ibt 
tor»,  la  Fan* 

r«L 

IWaraurol  DMcfcanrM 
In  oar  Mmoe*  Ibrouab 
• rtrrnUr  Aparcnr*  of 
Tin.  . iprrw.1  to  Ca- 
to lackca. 

H»»l  Piockarrra  In  tha 
1 ten*  (broach  im 
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1 

4381 

2722 

2 

6196 

3816 

3 

7589 

4710 

4 

8763 

6436 

6 

9797 

6075 

6 

10732 

6654 

11592 

7183 

8 

12392 

7672 

0 

13144 

8136 

to 

13856 

8574 

11 

14630 

8990 

12 

15180 

9384 

13 

15797 

9764 

14 

16393 

10130 

16 

16968 

10472 

The  following  is  another  set  of  experiments  made  by  tbe 
same  author  with  different  apertures;  in  which  the  water  was 
kept  constantly  at  tbe  altitude  of  eleven  feet,  eight  ioches,  ten 
lines,  from  the  centre  of  each  aperture 


ip^nxifTjU, 

1.  Horizontal  circular  aperture,  6 lines  diameter, 

2.  Circular  horizontal  aperture,  1 inch  diameter, 

3.  Ciicular  horizontal  aperture,  2 inch  diameter, 

4.  Rectangular  horizontal  aperture,  1 in.  3 lines, 

6.  Square  horizontal  aperture,  I inch, 

6.  Square  horizontal  aperture,  2 inches 

Constant  height  of  water  9 feet. 

7.  Lateral  circular  aperture,  6 lines  diameter,.. 

8.  Lateral  circular  aperture,  1 inch  diameter,  . . 

Constant  height  of  water  4 feet 

9.  Lateral  circular  aperture,  6 lines  diameter, . . 

10.  Lateral  circular  aperture,  1 inch  diameter,  .. 

Constant  height  of  water  7 lines. 

11.  Lateral  and  circular  orifice,  1 inch  diameter,  . 


Cable  Tnrb»» 
fli  rntahni  fak 
On*  MimH. 

. 2311 

. 9281 

. 37203 
. 2933 


11817 

47301 


. 2018 
. 8136 


. 1363 

. 5436 


628 


From  these  experiments  we  may  derive  the  following  deduc- 
tions : vis. 

I.  The  quantities  of  fluid  discharged,  in  equal  times,  from 
different  sized  apertures,  the  altitude  of  the  fluids  being  the 
tame,  are  to  each  other  nearly  as  the  areas  of  the  apertures. 
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2.  Tbe  quantities  of  water  discharged,  in  equal  timet,  by  the 
game  aperture,  with  different  altitudes  of  water  in  the,  reser- 
voir, are  nearly  as  tbe  suuare  roots  of  the  corresponding  alti- 
tudes of  tho  water  iu  the  reservoir  above  the  centre  of  the 
aperture. 

3.  That,  in  general,  the  quantities  of  water  discharged,  in 


the  same  time,  by  different  apertures,  and  under  unequal  alti- 
tudes of  the  water  in  the  reservoir,  are  to  each  other  in  a com- 
pound ratio  of  the  areas  of  the  apertures,  aud  the  square  roots 
of  the  altitudes. 

4.  That  on  account  of  the  friction,  tbe  smallest  apertures  dis- 
charge proportionally  less  water  than  those  that  arc  larger  and 
of  a similar  figure,  the  water  in  the  respective  reservoirs  being 
at  the  same  height. 

6.  That  of  several  apertures  whose  areas  are  equal,  that 
which  has  the  smallest  circumference  will  discharge  more 
water  than  the  other,  the  water  in  the  reservoirs  being  at  the 
same  altitude,  and  this  because  there  is  less  friction.  Hence, 
circular  apertures  arc  most  advantageous,  as  they  have  less 
rubbing  surface  under  the  same  areas.  To  this  wo  can  only 
add,  that  if  instead  of  the  orifice  being  pierced  in  a plate  of  tin 
or  other  thin  plate,  a cylindrical  pipe  or  tube  be  inserted  in 
the  vessel  whose  length  is  from  two  to  four  times  tho  diameter 
of  the  orifice,  then  a greater  quantity  of  water  will  be  dis- 
charged through  it  than  through  the  simple  aperture,  in  an 
equal  portion  of  time,  all  other  circumstances  remaining  the 
same  ; the  quantity  of  tho  fluid  discharged,  in  the  two  cases, 
being  to  each  other  as  133  to  100  nearly. 

DISCHARGED,  when  applied  to  a ship,  signifies  when  she 
Is  unladen,  or  her  stores,  ammunition,  fitc.  taken  oat.  When 
expressed  of  the  officers  or  crew,  it  implies  when  they  are  dis- 
banded from  immediate  service.  When  spoken  of  cannon,  it 
means  when  it  is  fired  off 

DISCHARGER,  or  Discharging  Rod,  in  Electricity,  is  a 
rod  used  for  the  purpose  of  discharging  ajar  or  battery  of  its 
contents,  without  injury  or  pain  to  the  operator.  Different 
forms  have  been  given  to  this  instrument,  which  are  described 
by  Cavallo  and  other  authors  on  olcctricity. 

DISCOUNT,  or  Rebate,  is  an  allowance  made  on  a bill  or 
any  other  debt  not  yet  become  due,  in  consideration  of  present 
payment.  Uankcrs,  merchants,  &c.  allow  for  discount  a sum 
equal  to  tbe  interest  of  tbe  bill  for  the  time  before  it  becomes 
due,  which  however  is  not  just;  for  as  the  true  value  of  the 
discount  is  equal  to  the  difference  between  tho  debt  and  its 
present  worth,  it  is  equal  only  to  the  Interest  of  that  present 
worth,  instead  of  the  interest  on  the  whole  debt.  And  there- 
fore the  rule  for  finding  the  true  discount  is  this:  As  the 
amount  of  £1  for  the  given  rate  and  time  is  to  the  given  sum 
or  debt,  so  is  the  interest  of  £1  fur  the  given  rate  and  time  to 
the  discount  of  the  debt.  Thus  if  the  interest  or  discount  of 
money  were  five  per  cent,  then  the  allowance  on  a bill  of  £100 
would  be  found  thus  : As  21s.  : £100  : : 20s.  : £<1.  13s. 

Such,  however,  is  not  the  way  in  which  business  is  done  ; lor 
science  has  often  as  little  to  do  with  business  as  friendship. 
And  the  following  is  the  popular  rule,  as  given  in  all  arithmetic 
books  in  vogue  in  our  scientific  schools.  Thun  Walkingham  : 
As  £100  present  money  will  discharge  a debt  of  £105  to  be 
paid  a year  to  come,  rebate  being  made  at  5 per  cent. — Rule. 
As  £100  with  the  interest  for  the  time  given,  is  to  that  interest, 
no  is  the  sum  given  to  tbe  rebate  required.  Subtract  the 
rebate  from  the  given  sum.  and  the  remainder  will  be  the  pre- 
sent worth. — Example.  What  is  the  discount  and  present 

worth  of  £487.  12s.  for  six  months,  at  6 per  cent,  per  annum! 

£.  £.  £.  £.  i. 

0 m.  I)  6 As  103  : 3 ::  487  12 
20  20 

100  2060  07d2 

3 


103 


£.  s. 

487  12 
14  4 

£173  8 present  wottk. 

25. 


206|0)2D25{6(  1 4/.  4s,  relate. 
206 

865 

824 

4lt£-4s. 


DISCRETE,  or  Disjunct  Proportion,  is  that  in  which  the 
ratio  between  two  or  more  pairs  of  numbers  is  the  same,  aud 
yet  the  proportion  is  not  continued,  so  as  that  the  ratio  may 
be  the  same  between  the  consequent  of  one  pair  and  the  ante- 
cedent of  the  next  pair.  Tims  3 : 6 : : 6 : 10  is  a disjonct  pro- 
portion ; but  3:6::  12  : 24  is  a continued  proportion. 

Discrete  Quantity,  is  such  as  is  not  continued  and  joined 
together.  Such,  for  instance,  is  any  number ; for  its  parts, 
being  distinct  units,  cannot  be  uuited  into  one  continuum  ; for 
in  this  there  are  no  actual  determinate  parts,  as  there  are  in  a 
number  composed  of  several  units. 

DISCUTIKNTS,  in  Surgery,  are  external  remedies,  which 
dissolve  or  disperse  a stagnated  or  coagulated  fluid. 

DISGORGE,  in  the  Manege,  is  used  for  discussing  of 
dispersing  an  inflammation  or  swelling:  thus,  if  a horse's  leg* 
are  gorged  or  swelled,  we  say  he  must  be  walked  out  to  disgorge 
them. 

DISJUNCTIVE  PROPOSITION,  in  Logic,  is  that  where 
of  several  predicates  we  affirm  one  necessarily  to  belong  to 
the  subject,  to  the  exclusion  of  all  tbe  rest,  but  leave  that  par- 
ticular one  undetermined. 

DISLOCATION,  the  putting  a bone  out  of  joint  by  violence. 

DISMANTLED,  the  state  of  a ship  unrigged,  and  all  her 
stores,  guns,  &c.  taken  out  in  readiness  for  being  laid  up  in 
ordinary,  or  for  any  other  purpose. 

DISMASTED,  the  state  of  a ship  deprived  of  her  masts, 
whether  by  design  or  accident. 

DISMOUNTED,  the  state  of  a cannon  taken  off  a carriage, 
or  when,  by  tbe  enemy's  shot,  tbe  carriage  is  so  broken  as  that 
the  gun  Is  rendered  unmanageable. 

DISPARTING,  in  Gunnery,  is  setting  a mark  upon  the  muz- 
zle ring,  or  thereabouts,  of  a piece  of  ordnance,  so  that  a sight 
taken  upon  tbe  top  of  the  base  ring,  against  the  touch-hole,  by 
the  mark  set  on  or  near  the  muzxle,  may  be  parallel  to  the  axis 
of  the  concave  cylinder. 

DISPENSARY,  a charitable  institution,  common  in  large 
towns  of  Britain.  Dispensaries  are  supported  by  voluntary 
subscriptions,  and  each  has  one  of  more  physicians,  surgeons, 
and  apothecaries,  who  attend,  or  ought  to  attend,  at  stated 
times,  in  order  to  prescribe  for  the  poor,  and,  if  necessary,  to 
visit  them  at  their  own  habitations.  The  poor  are  supplied 
with  medicines  gratis.  Where  these  institutions  arc  managed 
with  care,  they  arc  of  the  utmost  importance  to  society,  it  being 
unquestionably  more  for  the  comfort  of  the  sick  to  be  attended 
at  their  own  houses,  than  to  bo  taken  from  their  families  to  an 
hospital. 

DISPERSION,  commonly  signifies  the  scattering  or  dissi- 
pating the  parts  of  any  body  ; and  hence,  in  Optics,  it  denotes 
the  same  as  divergency. 

Point  of  Dispersion,  in  Dioptrics,  the  point  from  which  tho 
refracted  rays  begin  to  diverge  when  their  refraction  renders 
them  divergent. 

Dispersion  of  JJpkt,  in  Optics,  denotes  the  enlargement  of 
a_  pencil  or  beam  of  light,  which  is  produced  by  its  passage 
from  one  medium  to  another;  and  this  enlargement  arises 
from  the  nature  of  the  medium. 

DISSEISIN,  in  Law.  is  the  wrongful  putting  out  of  one 
seised  of  the  freehold,  which  may  be  effected  cither  in  corpo- 
real inheritances  or  incorporeal.  Disseisin  of  things  corporeal, 
as  of  houses  and  lands,  most  be  by  entry  and  actual  disposses- 
sion of  the  freehold.  Disseisin  of  incorporeal  hereditaments, 
cannot  be  an  actual  dispossession,  for  the  subject  is  neither 
capable  of  actual  bodily  possession  nor  dispossession,  hut  is 
only  at  tho  election  and  choice  of  the  party  injured,  if,  for  the 
sake  of  more  easily  trying  the  right,  he  is  pleased  to  suppose 
himself  disseised.  And  so  in  corporeal  hereditaments,  a man 
may  frequently  suppose  himself  to  be  disseised,  when  he  is  not 
in  fact,  for  the  sake  of  entitling  himself  to  the  more  easy  remedy 
of  an  assise  of  novel  disseisin,  instead  of  the  process  of  a writ 
of  entry. 

DISSENTERS,  in  Church  History,  a numerous  body  of  peo- 
ple in  this  country,  who  made  their  first  appearance  in  Queen 
Elizabeth’s  time,  when,  on  account  of  the  extraordinary  purity 
which  they  proposed  in  religious  worship  and  conduct,  they  were 
reproached  with  the  name  of  Puritans.  They  increased  in 
numbers  by  the  act  of  uniformity,  which  took  place  on  Barlbo- 
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lomew’s  day  68*2,  in  the  reign  of  Charles  II.  By  this  act, 
2000  minister*  of  the  establishment,  refusing  to  conform  to  cer- 
tain conditions,  were  obliged  to  quit  their  livings,  and  hence 
arose  the  name  of  Non-conformists.  The  descendants  of  these 
are  known  by  the  name  of  Protestant  Dissenters : and  may  be 
considered,  in  general,  as  divided  iuto  the  denominations  of 
Presbyterians,  Independents,  and  Baptists. 

DISSIPATION,  in  Physics,  an  insensible  loss  or  consump- 
tion of  the  minute  parts  of  a body,  or  that  agency  whereby  they  | 
fly  off  and  are  lost. 

Circle  of  Dissipation,  in  Optics,  denotes  the  circular  space 
npon  the  retina,  which  is  taken  up  by  one  of  the  extreme 
pencils  of  rays  issuing  from  any  object. 

Radius  of  Dissipation,  is  the  radius  of  the  circle  of  dissi- 
pation. 

DISSOLVENT,  any  thing  which  dissolves. 

DISSOLUTION,  the  separation  of  a body  into  its  most 
minute  parts. 

DISTANCE,  in  Astronomy,  the  spare  between  the  sun  and 
any  of  the  planets,  &c.  as  shewn  in  the  follow  ing  table  of  the 
real  and  proportional  distances  of  the  several  planets. 


Pr.  .--I...  il 

Mnu  Dim. 

Rnl 

Mean  Mat. 

. . ’3870981  . . 

36 'l 

...  *7233323  .. 

68 

93 

. . 1*0230935  . . 

...  142 

. . 9*2379000  . . 

...  221 

Millions  of  Miles 
y from  the  Sun. 

. . 2*6071630  , . 

.. . 248 

..  2 7674060  .. 

...  257 

Pallas, 

..  2 7675920  .. 

.. . 257 

..  5*2027011  .. 

Saturn  .... 

. . » 5387705  . . 

...  890 

Uranus,  . . 

...1 0- 1833050  .. 

...  1800J 

Distance  of  the  Fixed  Stars  from  the  Earth  or  Sun,  has 
never  yet  been  determined  ; we  only  know  it  is  so  great,  that 
the  whole  diameter  of  the  earth’s  orbit,  which  is  near  two  hun- 
dred million  mile*,  is  but  ns  a point  compared  with  their  dis- 
tance, and  therefore  'oims  no  sensible  measure  whereby  it 
may  be  estimated.  • 

Distance  of  the  Sun  from  the  Moon's  Node  or  Apogee,  is 
an  arch  of  the  ecliptic  intercepted  between  the  sun's  true  place 
and  the  nioou'*  node  or  apogee. 

Accessible  Distances,  arc  such  as  may  be  measured  by  the 
application  of  any  lineal  measure.  Inaccessible  Distances,  are 
those  which  cannot  be  measured  by  the  application  of  any 
lineal  measure,  but  by  means  of  angles  and  trigonometrical 
rules  and  formulas.  See  Accessible. 

The  distance  of  objects  may  also  be  ascertained  by  means  of 
sound ; for  as  tbis  has  been  found,  by  experiment,  to  travel  at 
the  rate  of  about  1142  feet  per  second,  if  the  time  which  elapses 
between  the  firing  of  a gun  and  the  report  of  the  same  be  duly 
observed,  the  distance  hi  feet  will  be  found  by  multiplying  the 
number  of  seconds  by  1142;  and  in  this  way  we  may  estimate 
the  distance  of  a thunder  cloud,  by  the  number  of  seconds 
being  observed  that  elapses  between  the  flash  of  lightning,  and 
the  clap  of  thunder  by  which  it  is  succeeded.  See  Acoustics. 

Apparent  Distance,  in  Optics,  is  that  distance  at  which  wo 
judge  an  object  to  be  placed  when  seen  afar  off,  and  which  is 
usually  very  different  from  the  true  distance,  because  we  are 
apt  to  think  that  all  very  remote  objects  whose  parts  cannot 
well  be  distinguished,  and  which  have  no  other  object  in  view 
near  them,  arc  at  the  same  distance  from  us.  though  perhaps 
one  of  thorn  is  thousands  of  miles  nearer  than  the  other,  as  is 
the  case  with  the  sun,  moon,  and  planets. 

The  most  universal,  and  frequently  the  most  sure  means  of 
judging  of  the  distance  of  objects,  is  the  angle  made  by  the 
optic  axis.  For  our  two  eye*  are  like  two  different  stations, 
by  the  assistance  of  which  distances  are  taken;  and  this  is  the 
reason  why  those  persons  who  arc  blind  of  ono  eye  so  fre- 
quently miss  their  mark  in  pouring  liquor  in  a glass,  snuHing  a 
candle,  and  such  othrr  actions  a * require  that  the  distance  be 
exactly  distinguished.  To  convince  ourselves  of  the  usefulness 
of  tbis  method  of  judging  of  the  distance  of  objects,  we  have 
only  to  suspend  a ring  in  a thread,  so  that  its  side  may  be 


towards  us,  and  the  bole  in  it  to  the  right  and  left  hand  ; and 
taking  a small  rod,  crooked  at  the  cud.  retire  Horn  the  ring 
two  or  three  paces,  and  having  with  one  hand  covered  one  of 
our  eyes,  to  endeavour  with  the  other  to  pass  the  crooked  end 
of  the  rod  through  the  ring.  This  appears  very  easy,  and  yet 
upon  trial,  perhaps  once  in  100  times  we  shall  not  succeed, 
especially  if  we  move  the  rod  a little  quickly.  By  persons 
recollecting  the  time  when  they  began  to  be  subject  to  the  mis- 
takes above  mentioned,  they  may  tell  when  it  was  that  they  lost 
the  use  of  one  of  their  ejes,  which  many  persons  arc  long  igno- 
rant of,  and  which  may  be  a circumstance  of  some  consequence 
to  a surgeon.  The  use  of  this  second  method  of  judging  of 
distances,  De  Clinics  limits  to  120  feet,  beyond  which,  he 
says,  we  are  not  sensible  of  any  difference  in  the  angle  of  the 
optic  axis. 

A third  method  of  judging  of  the  distance  of  objects  consists 
in  their  apparent  magnitudes.  From  this  change  in  the  mag- 
nitude of  the  image  upon  the  retina,  we  easily  judge  of  the 
distance  of  objects,  as  often  as  we  are  otherwise  acquainted 
with  the  magnitude  of  the  objects  themselves  ; but  as  often  as 
we  are  ignorant  of  the  real  magnitude  of  bodies,  we  can  never, 
from  their  apparent  magnitude,  form  any  judgment  of  their 
distance. 

From  this  we  may  see  why  we  are  so  frequently  deceived  in 
our  estimates  of  distance,  by  any  extraordinary  magnitudes  of 
objects  seen  at  the  end  of  it,  as  in  travelling  towards  a large 
city,  ora  castle,  or  a cathedral  church,  or  a mountain  larger 
than  ordinary,  we  fancy  them  to  be  nearer  than  we  find  them 
to  be.  This  also  is  the  reason  why  animals,  and  all  small 
objects  seen  in  valleys  contiguous  to  large  mountains,  appear 
exceedingly  small.  For  we  think  the  mountain  nearer  to  us 
than  if  It  were  smaller,  and  we  should  be  surprised  at  the 
smallness  of  the  neighbouring  animals,  if  wc  thought  them 
farther  off.  For  the  same  reason  wc  think  them  exceedingly 
small  when  they  are  placed  on  the  top  of  a mountain,  or  a 
large  building,  which  appears  nearer  to  us  than  it  really  is,  on 
account  of  its  extraordinary  size. 

Our  imagining  objects,  when  seen  from  a high  building,  to 
be  smaller  than  they  are.  and  smaller  than  we  fancy  them  to  be 
when  we  view  them  at  the  same  distance  on  level  ground,  is 
because  we  have  no  distinct  idea  of  distance  in  that  direction, 
and  therefore  judge  of  the  things  by  their  pictures  upon  the  eye 
only,  but  custom  will  enable  us  to  judge  rightly  even  in  this 
case.  Let  a boy  who  has  never  been  upon  a high  building,  go 
to  the  top  of  the  Monument,  and  look  down  into  the  street ; the 
objects  seen  there,  as  men  and  horses,  will  appear  so  small  ns 
greatly  to  surprise  him.  But  ten  or  twenty  years  after,  if  in 
the  mean  time  he  lias  used  himself  now  and  then  to  look  down 
from  that  and  other  great  heights,  he  will  no  longer  find  the 
same  object*  to  appear  *o  small.  The  finest  sight  of  this 
nature  is  from  a balloon.  See  Aerostation.  We  have  had  a 
very  fine  sight  ourselves  of  this  nature,  in  surveying  from  the 
lofty  spire  of  St.  Denis,  in  France,  a large  army  in  the  plain 
between  that  cathedral  and  Paris.  And  if  a person  were 
to  view  the  same  objects  from  such  heights  as  frequently  as 
he  see*  them  upon  the  same  lovel  with  himself  iu  the  streets, 
they  would  appear  to  him  just  of  the  same  magnitude  from 
the  top  of  the  Monument  as  they  do  from  n w indow  one  story 
high.  For  this  reason  it  Ls,  that  statues  placed  upon  very  high 
buildings  ought  to  be  made  of  a larger  size  than  those  which 
arc  seen  at  a nearer  distance,  because  all  persons,  except 
architects,  are  apt  to  imagine  the  height  of  such  buildings  to 
be  much  less  than  it  really  is. 

The  fourth  method  by  which  wc  judge  of  the  distance  of 
objects,  is  the  force  with  which  their  colour  strikes  upon  our 
eyes.  For  if  wc  be  assured  that  two  objects  are  of  a similar 
and  like  colour,  and  that  one  appears  more  bright  and  lively 
limn  the  other,  we  judge  that  the  brighter  object  is  the  nearer 
of  the  two. 

The  fifth  method  consists  in  the  different  appearance  of  the 
small  parts  of  objects.  When  theso  parts  appear  distinct,  we 
judge  that  the  object  i*  near;  but  when  they  appear  con- 
fused, or  when  they  do  not  appear  at  all,  wc  judge  that  it  is  at 
a greater  distance.  For  the  image  of  any  object,  or  part  of  an 
object,  diminishes  as  its  distance  from  our  eye  increases. 

The  sixth  and  last  method  by  which  we  judge  of  the  distance 
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of  object*  is,  that  the  etc  does  not  represent  to  our  mind  one 
object  alone,  but  nt  the  same  lime  all  those  that  are  placed 
betwixt  us  aud  the  principal  object,  whose  distance  we  are 
considering ; and  the  more  this  distance  is  divided  into  sepa- 
rate nod  distinct  parts,  the  greater  it  appears  to  be.  For  this 
reason,  distances  upon  uneven  surface*  appear  less  than  upon 
a plane;  for  the  inequalities  of  the  surface,  such  as  hills,  and 
holes,  and  rivers,  that  lie  low  and  out  of  sight,  either  do  oot 
appear,  or  hinder  the  parts  that  lie  behind  them  from  appear- 
ing; and  so  the  whole  apparent  distance  is  diminished  by  the 
arts  that  do  not  appear  in  it.  This  is  the  reason  that  the 
anks  of  a river  appear  contiguous  to  a distant  eye,  when  the 
river  is  low  and  not  seen.  How  much  narrower  docs  a river 
that  is  subject  to  the  influence  of  the  tide  appear  at  low  water, 
than  wben  its  bosom  is  proudly  swelled  at  high  water  mark! 
and  yet  {perhaps  the  actual  breadth  at  both  times  docs  not 
vary  *20  fact. 

Distance,  in  Navigation,  is  the  number  of  miles  or  leagues 
that  a ship  has  sailed  from  one  point  to  another. 

Line  of  Distance,  in  Perspective,  is  a right  line  drawn  from 
the  cyo  to  the  principal  point  of  the  plane.  Point  of  Distance, 
in  Perspective,  is  that  point  in  the  horizontal  line  which  is  at 
the  same  distance  from  the  principal  point  as  the  eye  is  from 
the  same. 

DISTANCE  or  the  Eve,  in  Perspective,  is  a line  drawn 
from  the  eye  to  the  principal  point. 

DISTEMPER,  io  Painting,  a term  used  for  the  working  up 
of  colours  with  something  besides  water  or  oil.  If  the  colours 
are  prepared  with  water,  that  kind  of  painting  is  called  limning ; 
and  if  with  oil,  it  is  called  painting  in  oil,  and  simply  painting. 
If  the  colours  arc  mixed  w ith  any  glutinous  or  unctuous  matter 
instead  of  oil,  it  is  said  to  be  done  in  distemper.  In  ibis  man- 
ner the  cartoons  at  Windsor  arc  painted. 

DISTICH,  a couplet  of  verses  making  a complete  sense. 
Thus  hexameter  mid  pentameter  verses  arc  disposed  in  distichs. 

DISTILLATION.  Under  the  article  Chemistry,  wc  ex- 
plained what  distilling  menns,  and  how  it  is  performed;  the 
subject  of  the  present  article  is  confined  to  the  making  of  ardent 
spirits,  or  alcohol,— the  distillation  of  gases  belonging  to  another 
part  of  our  work. 

Previously  to  the  operation  of  distilling,  those  of  brewing 
and  fermentation  arc  necessary  ; the  liquid  must  be  brought 
into  the  state  of  wine,  or  beer,  (which  is  the  wine  of  grain.) 
Methods  have  been  suggested,  and  wc  believe  carried  into  prac- 
tice, for  reducing  the  brewing  aud  fermentation  to  a single 
operation,  by  which,  it  is  said,  the  spirit  is  much  improved  in 
quality,  as  well  as  augmented  in  quantity.  The  practice,  we 
are  informed,  is  as  follows  * — 

To  one  hundred  pounds  of  malt,  reduced  to  fine  meal,  are 
added  thirty  pounds  of  wheat  meal;  twenty  gallons  of  water 
are  theu  added  by  degrees,  mixing  the  whole  mass  thoroughly  ; 
fifty  gallons  more  of  water,  made  boiling  hot,  are  then  poured 
upon  the  mass,  and  the  whole  well  stirred  together.  It  is  then 
allowed  to  stand  for  two  hours,  afterwards  stirred  again,  and 
when  grown  cold,  a pound  or  more  of  solid  yeast  is  added, 
and  then  allowed  to  stand  loosely  covered  in  rather  a warm 
place  to  ferment 

In  London,  and  its  neighbourhood,  we  understand  the  pro- 
cess of  forming  the  wash  for  distillation  is  the  same  as  in 
brewing  for  beer,  with  the  exception  of  the  addition  of  the 
hops,  and  that  instead  of  boiling  the  wort,  they  pump  it  into 
coolers,  and  afterwards  draw  it  into  backs,  to  be  then  fermented 
with  yeast.  During  the  fermentation,  particular  attention  must 
be  paid  to  the  temperature  of  the  liquid:  if  it  exceeds  77° 
Fahrenheit,  the  fermentation  will  be  too  rapid  ; if  below  00°,  the 
fermentation  will  cease.  Tho  mean  between  these  is  consi- 
dered the  most  favourable,  and  the  fermentation  roust  be  con- 
tinued until  the  Hquor  grows  fine  aud  pungent  to  the  taste,  but 
not  so  long  as  to  permit  the  acetous  fermentation  to  commence. 
In  this  state  the  wash  it  put  into  the  still,  of  which  it  should 
occupy  about  three- fourths,  and  distilled  with  a gentle  fire,  as 
low  as  any  spirit  comes  over,  which  is  generally  until  about 
half  the  wash  is  consumed. 

The  form  of  the  common  still  is  too  well  known  to  need  any 
particular  description ; it  generally  consists  of  a large  boiler 
made  of  copper,  and  fixed  io  masonry  over  a fireplace ; tho 
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boiler  has  a head,  or  capital  as  it  is  called,  which  is  or  a globu- 
lar form,  to  which  is  soldered  a neck,  which  forming  a complete 
arch,  curves  downward,  and  fils  into  what  is  called  tho  worm. 
The  worm  i*  a long  tube,  made  generally  of  pewter,  of  a 
gradually  decreasing  diameter,  and  is  curled  round  into  a 
spiral  form  ; it  is  enclosed  in  a tub,  which  is  kept  Glted  with 
cold  water  during  distillation. 

The  Dutch  method  of  making  Geneva  is  said  to  he  as  fol- 
lows:—One  hundred  weight  of  malt  from  barley,  and  two 
hundred  weight  of  rye  meal,  are  mashed,  with  four  hundred  and 
sixty  gallons  of  water,  heated  to  162°  Fahrenheit.  When  the 
infusion  has  been  continued  a sufficient  time,  cold  water  is 
added  until  the  wort  is  equivalent  to  about  forty-five  pounds  of 
saccharine  matter  per  barrel ; it  is  then  drawn  oir  into  a back 
of  five  hundred  gallons’  capacity,  at  the  temperature  of  8U°, 
with  half  a gallon  of  yeast.  The  fermentation  immediately 
commences,  and  is  generally  finished  in  about  two  days,  when 
proper  attention  is  paid  to  the  temperature  of  the  place.  Tho 
wash  is  then  put  into  the  still,  reduced  to  about  fifteen  pounds 
of  saccharine  matter  per  barrel,  along  with  the  grains,  and 
receives  three  distillations,  a few  juniper  berries,  and  a small 
quantity  of  hops,  being  introduced  to  communicate  the  flavour 
required,” 

Tho  spirits  of  the  flrst  distillation  is  usually  called  low  wines ; 
the  re-distillation  of  the  low  wines,  or  doubling,  produces  at  first 
a fiery  spirit,  milky  and  crude,  (which  is  returned  into  the  low 
vines) ; after  this  the  spirit  flows  perfectly  clear  and  bright ; 
nevertheless,  tainted  a little  with  empyreutua,  to  get  rid  of 
which  it  generally  undergoes  another  distillation  called  rectifi- 
cation, at  which  time  flavouring  ingredients  arc  added,  Io 
imitate  the  foreign  spirits,  such  as  rum,  brandy,  bollands,  gin, 
Ice.  and  likewise  to  form  the  compound  spirits,  called  cara- 
way', peppermint,  cinnamon,  cloves,  aniseed. 

The  flavour  of  mall  spirit  is  said  to  be  much  improved,  by 
putting  four  ounces  of  finely-powdered  charcoal,  and  four 
ounces  of  ground  rice,  into  o quart  of  spirits,  and  letting  it 
stand  for  a fortnight,  frequently  stirring  it;  upon  being  then 
strained,  it  will  be  found  to  resemble  very  closely  the  flavour 
of  brandy.  It  has  been  frequently  proved,  that  the  muriate  of 
soda  (or  common  salt)  thrown  into  the  still  in  the  proportion  of 
about  half  an  ounce  to  every  galloo,  will  materially  imprpvw 
tho  tasto  and  strength  of  the  spirit ; the  viscid  matter  being 
fixed  by  the  salt,  allows  the  volatile  parts  to  ascend  in  greater 
purity.  Some  time  since,  a distiller  at  Copenhagen  published 
an  accoont  of  bis  having  several  times  distilled  brandy  and 
gin  from  wheat  steeped  in  salt  water,  by  which  lie  uniformly 
obtained  nearly  one-fourteenth  more  of  spirit,  than  when  he 
distilled  from  an  equal  quantity  of  wheat,  which  had  not  under- 
gone that  process. 

It  is  said  to  be  the  practice  of  the  distillers  in  Scotland,  fee. 
to  use  one  part  of  malted  grain,  with  from  four  to  nine  parts  of 
raw  grain ; rye  is  said  to  produce  more  spirit  than  wheat,  and 
wheat  more  spirit  than  barley. 

Winter’s  Distilling  Apparatus,  exhibited  in  the  annexed 
figures,  is  constructed  on  the  principle  of  condensing  the 
aqueous  portion  of  the  mixed  liquor  previously  to  its  passing 
into  the  still.  A,  in  this  sectional 
view,  is  a tube  by  which  the  va- 
pours enter  from  the  still  into  B 
the  receiver.  C is  a conical  plate. 
D the  chief  vapour  tube,  which 
being  closed  at  the  top,  the  va- 
pours descend  by  the  small  tube* 
G,  into  the  chamber  F.  The  ap- 
paratus is  isolated  in  water  of 
17QP  temperature,  contained  in 
the  tub  or  bath  T,  and  as  the 
vapours  contained  in  the  tubes 
are  by  tins  arrangement  separated 
into  small  portions,  a rapid  con- 
densation takes  place.  A num- 
ber of  circular  tubes,  as  at  H.are 
fixed  in  the  plate  which  covers  tho  receiver  II,  with  their  upper 
ends  a little  above  the  surface.  These  carry  off  the  condensed 
liquor  into  the  receiver  B.  Tho  vapour,  now  improved  in  its 
spirit,  is  collected  in  the  chamber  F,  and  passes  by  the  tube  I 
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into  the  second  receiver  K.  The  top  plate  of  this  second 
receiver  K,  as  well  as  the  bottom  plate  of  the  third  receiver  N, 
have  numerous  apertures  of  concentric  circles  as  at  L L,  in  the 
following  figure,  into  each  of  which  arc  fitted  two  copper 
cylinders,  one  within  the  other,  and  only  about  a quarter  of  an 
inch  apart.  And  as  (hero  arc  four  such  aperluivs,  there  arc 
consequently  eight  pairs  of  apertures. 


Into  each  of  these  annular  apertures  L.  L.  arc  fixed  two 
copper  cylinders,  one  within  the  other,  and  only  about  a quar- 
ter of  au  inch  apart ; and  as  there  are  four  such  apertures, 
there  are  consequently  eight  cylinders  or  four  pairs  in  the 
apparatus,  which  arc  exhibited  in  section  in  the  first  engraving 
at  M,  M.  O,  O are  tubes  which  pass  through  the  receiver  K,  to 
convey  water  between  the  cylinders;  similar  lubes  arc  passed 
through  the  receiver  N,  by  which  means  the  water  is  diffused 
over  every  part  of  the  extended  surface  of  the  apparatus, 
effecting  thereby  almost  as  rapid  a condensation  of  the  aqueous 
portion  of  the  vapour,  as  if  the  water  were  in  actual  contact 
with  it  The  vapours  passing  from  the  lower  receiver  K, 
ascend,  asbefore mentioned,  through  the  narrow  spaces  between 
the  cylinders  into  the  upper  receiver  N,  in  a high  state  of  purity 
and  strcuKth ; from  this  last  hold  it  proceeds  into  the  worm  by 
tho  tube  P,  where  it  is  instantly  condensed  by  the  refrigerating 
fefTect  of  the  cold  water  with  which  this  part  of  a distillatory 
apparatus  is  always  surrounded. 

It  is,  perhaps,  not  unnecessary  to  repeat,  that  the  water  con- 
tained in  the  second  bath  T,  shewn  in  section,  is  heated  to  140° 
(or  less,  as  the  spirit  may  be  required.)  that  being  a degree  of 
temperature  to  which  the  vapour  of  water,  as  well  as  Ihose  from 
the  empyreumatic  oils,  cannot  exist.  The  spirit  is  thus  sepa- 
rated effectually,  and  without  any  difficulty,  front  the  least  taint 
of  empyreuma.  with  which  British  spirits  arc  in  geneial  more 
or  less  contaminated. 

It  will  be  observed,  that  this  second  receiver  is  of  a peculiar 
construction,  and  being  kept  at  a temperature  of  140®,  the 
wholo  of  the  weaker  vapour  is  therein  reduced  into  a liquid 
state,  while  the  strong  spirituous  vapour,  ascending  alone 
through  certain  very  narrow  spaces,  contained  between  the 
circuitous  cylinders,  into  the  deeper  part  of  the  apparatus,  is 
thence  collected  into  a third  receiver  previous  yto  its  passing 
into  the  worm.  The  worm  is  surrounded  as  usual  with  cold 
water,  whose  powerful  refrigerating  effects  upon  the  strong 
spirituous  vapour  with  which  it  is  charged,  causes  it  rapidly  to 
pass  into  a fluid  state.  In  this  still  the  spirit  might  lie  rectified 
or  flavoured,  by  allowing  the  vapours  to  pass  through  the 
necessary  ingredients  as  they  pass  on  to  the  w orm.  We  nerd 
not  speculate  on  the  advantages  'of  this  apparatus,  which  is 
manufactured  by  Messrs.  Pontifex,  Sons,  and  Co.  London. 

Distillation  Ay  « low  heat,  in  elose'eesseU.  Those  who  are 
acquainted  with  the  common  method  of  distilling,  know  that  a 
very  unpleasant  flavour  accompanies  all  distilled  products, 
occasioned  by  the  matter  in  the  still  being  overheated,  or 
burned.  The  late  James  Watt  ascertained,  that  liquids  boiled 
at  a very  low  temperature  in  vacuo,  or  by  emptying  the  appa- 
ratus or  atmospheric  air  ; and  Mr.  Trctton,  of  Whitechapel, 
London,  ingeniously  applied  this  fact  to  distillation,  and  con- 
atructed  the  annexed  apparatus,  wherein  the  body  of  the  still 
is  seen  as  immersed  in  a water  bath,  which  renders  it  impossi- 
ble to  overheat  or  burn  the  liquid,  or  communicate  the  disagree- 
able empyreumatic  flavour  to  spirit,  as  is  doue  by  the  common 


still.  A is  the  body  of  the  still  ; 
B is  a water  bath,  into  which 
the  body  of  the  still  is  immersed ; 
C is  the  head,  or  capital ; D is 
the  neck  of  the  same,  which, 
curving  downwards,  is  connect- 
ed with  a pipe  that  enters  tho 
condensing  vessel  E;  F is  t 
refrigeratory,  or  close  vessel, 
containing  cold  water,  for  con- 
verting into  liquid  the  spirituous  vapours,  which  having  been 
raised  in  the  still,  are  contained  in  the  vessel  B.  Prom  the 
bottom  of  the  vessel  E a pipe  issues  for  conveying  the  liquid, 
aud  the  vapour  not  yet  condensed,  into  vessel  G,  which  being 
surrounded  with  cold  water  contained  in  the  vessel  H,  acts 
also  as  a refrigeratory,  and  reduces  the  whole  of  the  remaining 
vapour  into  a liquid  state.  1 is  an  air-pump  for  effecting  a 
vacuum  in  the  vessels  AEG.  K is  a stop-cock  for  cutting  off 
the  communication  between  the  vessels  E and  G,  when  the 
contents  of  G are  drawn  off  by  the  cock  M.  by  which  means  a 
vacuum  is  preserved,  daring  that  operation  in  the  vessel  B 
and  the  still  A ; L is  an  air-cock,  to  admit  air  into  vessel  G,  to 
allow  the  contents  to  run  out  at  M ; N is  a dischar go-cock  to 
the  stilt  A. 

The  pressure  of  the  atmosphere  being  removed  from  the 
surface  of  the  liquid  by  the  air-pump,  the  distillation  is  effected 
at  a temperature  of  192°  in  place  of  212",  and  of  course  from 
the  regular  application  of  so  low  a degree  of  heat,  an  agreeable 
flavour  is  secured  to  the  distilled  product.  Moreover,  from  the 
distillation  being  confined  throughout  the  operation  to  close 
vessels,  the  common  loss  by  evaporation  at  the  end  of  the  worm 
is  avoided,  and  an  increase  of  product  is  obtained. 

DISTINCT  Base,  in  Optics,  is  the  same  with  what  is  other- 
wise called  the  focus. 

DISTINCTION,  in  Logic,  Is  an  assemblage  of  two  or  more 
words,  whereby  disparate  things,  or  their  conceptions,  are 
denoted.  There  arc  three  kinds  of  distinctions,  taken  from  the 
three  different  modes  of  existence,  real,  modal,  and  rational. 
The  first  is  that  between  two  substances,  or  the  modes  of  two 
substances.  The  second  is  that  between  several  things,  one 
whereof  may  exist  without  the  other,  but  not  vice  versi.  The 
third  is  that  between  several  things  which  are  really  one  and 
the  sumo,  and  whereof  one  cannot  exist  without  the  other;  nor, 
vice  vcrsA,  the  other  without  this;  such  is  that  between  a thing 
and  Its  essence,  between  the  essences  and  properties,  Ate. 

DISTRESS,  in  Law,  is  the  taking  of  a personal  chattel,  out 
of  the  possession  of  the  wrong  doer,  into  the  custody  of  the 
person  who  is  injured,  to  procure  a satisfaction  for  the  wrong 
committed.  It  is  of  two  kinds;  cattle  for  trespassing  and 
doing  damage,  or  for  the  non-payment  of  rent  or  other  duties. 
But  tho  most  usual  injury  for  which  a distress  may  be  takeo, 
is  that  of  non-payment  of  rent. 

DISTRINGAS,  in  Law,  a writ  commanding  the  sheriff,  or 
other  officer,  that  he  distrain  a person  for  debt  to  the  king,  Ate. 
or  for  his  appearance  at  a certain  day.  There  is  a great  diver- 
sity of  this  w rit. 

DITTO  N,  Humphkey,  a mathematician  of  the  seventeenth 
century,  born  at  Salisbury,  May  29,  1(176,  was  author  of  several 
tracts  which  were  published  in  the  Philosophical  Transactions. 

DIVERGENT,  tending  to  various  parts  from  one  point; 
thus  we  say,  diverging  lines,  rays,  Ace.  meaning  those  lines  or 
rays  which  issuing  from  one  common  point,  go  off  from  that 
point  in  various  directions. 

DIVERGING  Series,  in  Analysis,  arc  those  scries,  the  terms 
of  w hich  increase  more  and  more,  the  farther  they  nre  continued. 

DIVERSITY,  in  Painting,  consists  in  giving  every  part  or 
bgure  in  a piece  its  proper  air  and  attitude. 

DIVIDEND  of  Stocks,  is  a share  or  proportion  of  the 
interest  of  storks  erected  on  public  funds,  as  the  South  Sea, 
Ace.  divided  among,  and  paid  to,  the  proprietors  half  yearly. 

DIVIDEND,  in  Arithmetic,  is  that  nomber  which  is  to  be 
divided  by  some  other  number  called  the  divisor. 

DIVING,  the  art  of  descending  under  water  to  considerable 
depths,  and  remaining  there  for  some  time  in  order  to  recover 
things  which  have  been  sunk,  as  also  for  the  purpose  of  bring- 
ing up  corals,  pearls,  sponge,  Ate. 
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Diving  Bell,  an  apparatus  used  for  the  purpose  of  diving. 
See  Bell. 

There  have  been  various  engines  contrived  to  render  the 
business  of  diving  safe  and  easy  : the  great  point,  is  to  furnish 
the  diver  with  fresh  air,  without  which  hr  must  either  make  but 
a short  stay  or  perish.  Those  who  dive  for  sponges  in  the 
Mediterranean,  carry  down  sponges  dipped  in  oil  in  their 
mouths.  Hut  considering  the  small  quantity  of  air  that  can  be 
contained  in  the  pores  of  a sponge,  and  how  much  that  little 
will  be  contracted  by  the  pressure  of  the  incumbent  water,  such 
ft  supply  cannot  subsist  n diver  long,  since  a gallon  of  air  is 
not  fit  for  respiration  above  a mtnnte.  I)r.  Halley  assures  us, 
a naked  diver  cannot  subsist  above  two  minules  under  water 
with  or  without  a sponge ; besides,  if  the  depth  be  considerable, 
the  pressure  of  the  water  makes  the  eyes  blood -.shot,  and 
frequently  occasions  a spitting  of  blood. 

An  experiment  was  lately  tried  at  Ronen  upon  a new  invent- 
ed diving  machine,  called  battetm-paisrcn,  or  fishhoat.  This 
boat  sunk  of  itself  seven  or  eight  minutes,  and  then  rose  of 
itself.  The  longest  time  it  remained  under  water  was  eight 
minutes.  The  descent  into  the  inside  of  this  machine  wns  by 
an  opening  made  in  the  form  of  a tunnel,  which  was  about  a 
demimetre  above  the  surface  of  the  water.  When  those  who 
conducted  the  experiment  wished  to  descend  altogether  in  the 
river  and  disappear,  they  let  down  this  opening,  sunk  entirely 
under  the  water,  and  lost  all  communication  with  the  external 
air.  The  inventor  of  this  ingenious  machine  was  Pulton.  Three 
of  his  assistants  went  into  the  boat,  and  remained  during 
the  experiment.  Tho  prefect  and  a vast  concourse  of  specta- 
tors were  present. 

Diving  Bladder,  is  a term  used  by  Borelli,  for  a machine 
which  he  contrived  for  diving  under  the  water  to  great  depths, 
with  great  facility,  and  which  is  preferred  to  the  common  diving 
bell.  The  vesica,  or  bladder,  ns  it  is  usually  called,  is  to  be 
of  brass  or  copper,  and  about  two  feet  in  diameter.  This  b 
to  contain  the  diver’s  head,  and  is  to  be  fixed  to  a goat  skin 
habit,  oxactly  fitted  to  the  shape  of  the  body  of  the  person. 
Within  this  vesica  there  are  pipes,  by  means  of  which  a circu- 
lation of  air  is  contrived;  and  tbe  person  carries  an  air-pump 
l>y  his  side,  by  means  of  which  he  may  make  himself  heavier  or 
lighter,  as  the  Ashes  do,  by  contracting  or  dilating  tbeir  air 
bladder. 

DIVISIBILITY,  an  essential  property  of  bodies.  Every 
substance  with  which  wc  are  acquainted  is  capable  of  Lcing 
separated  into  parts,  and  each  of  these  again  repeatedly  sub- 
divided. Nor  has  any  limit  ever  been  assigned  to  this  pro- 
cess of  contioual  subdivision,  though  it  seems  probable  that, 
at  some  term,  however  distant,  the  resulting  particles  may 
lapse  into  simple  atoms,  incapable  of  any  farther  resolution. 

The  actual  subdivision  of  bodies  has,  in  many  cases,  been 
carried  to  a prodigious  extent.  A slip  of  ivory,  of  an  inch  in 
length,  is  frequently  divided  into  an  hundred  equal  parts,  which 
arc  distinctly  visible.  But,  by  the  application  of  a very  fiuc 
screw,  five  thousand  equidistant  lines,  in  the  space  of  a quar- 
ter of  an  inch,  can  be  traced  on  a surface  of  steel  or  glass  with 
the  fine  point  of  a diamond,  producing  delicate  iridescent 
colours.  Common  writing  paper  has  a thickness  of  about  the 
600th  part  of  an  inch  ; but  the  pellicle  separated  from  ox-gut, 
and  then  doubled  to  form  gold-brat'-rs*  skin,  is  six  times 
thinner.  A single  pound  of  cotton  hus  been  spun  into  a thread 
70  miles  in  length ; and  the  same  quantity  of  wool  has  been 
extended  into  a thread  of  05  miles ; the  diameters  of  those 
threads  being  hence  only  the  360th  and  400th  parts  of  an  inch. 

But  the  ductility  of  some  metals  far  exceeds  that  of  any 
other  substance.  The  gold-beaters  begin  with  a riband  an 
inch  broad  and  150  inches  long,  which  has  been  reduced,  by 
passing  through  rollers,  to  about  tbe  800th  part  of  an  inch  in 
thickness.  This  riband  is  rut  into  squares,  which  are  dis- 
posed between  leaves  of  vellum,  and  beat  by  a heavy  hammer, 
till  they  acquire  a breadth  of  more  than  three  inches,  and  are 
therefore  extended  ten  times.  Th"se  nre  again  quartered,  and 
placed  between  the  folds  of  gold-healers’  skin,  and  stretched 
out,  by  the  operation  of  a lighter  hammer,  to  the  breadth  of 
five  inches.  Tbe  same  process  is  repeated,  sometimes  more 
than  once,  by  a succession  of  lighter  hammers  ; so  that  370 
grains  of  gold  are  thus  finally  extended  into  2000  leaves,  of  3.3 
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inches  square,  making  in  all  80  books,  containing  each  25 
leaves.  The  metal  is  consequently  reduced  to  the  thinness  of 
the  2.V2, 000th  part  of  an  inch,  and  every  leaf  weighs  rather  less 
than  the  fifth  part  of  a grain. 

Silver  is  likewise  capable  of  being  laminated,  but  will 
searcely  bear  an  extension  above  half  that  of  gold,  or  the 
160.000  part  of  an  inch  thick.  Copper  and  tin  have  still  infe- 
rior degrees  of  ductility,  and  cannot  perhaps  be  heat  thinner 
than  the  20,000th  part  of  an  inch.  These  form  what  are  called 
Dutch  Leaf. 

In  the  gilding  of  buttons,  five  grains  of  gold,  which  is  applied 
as  an  amalgam  with  mercury,  is  allowed  to  each  gross;  so 
that  the  coaling  left  must  amount  to  the  110,000th  part  of  an 
inch  in  thickness.  If  a piece  of  ivory  or  white  satin  be  im- 
mersed in  a nitro-moriate  solution  of  gold,  and  then  plunged 
into  a jar  of  hydrogen  gas,  it  will  become  covered  with  a sur- 
face of  gold  hardly  exceeding  in  thickness  the  ton  millionth 
part  of  an  inch. 

The  gilt  wire  used  in  embroidery  is  formed  by  extending 
gold  over  a surface  of  silver.  A silver  rod,  about  two  feet 
Fong  and  an  inch  and  half  in  diameter,  and  therefore  weighing 
nearly  twenty  pounds,  is  richly  coated  with  about  0OO  grains 
of  pure  gold,  in  this  country  the  lowest  proportion  allowed  is 
100  grains  of  gold  to  a pound  of  silver.  This  gilt  rod  is  then 
drawn  through  a series  of  diminishing  holes,  till  it  has  stretched 
to  the  vast  length  of  240  miles,  when  the  gold  has  consequently 
become  attenuated  800  times,  each  grain  covering  a surface  of 
9600  square  inches.  This  wire  being  now  flatted,  the  golden 
film  suffers  a farther  extension,  and  has  its  thickness  reduced 
to  the  four  or  five  millionth  part  of  an  inch. 

It  lins  been  asserted,  that  wires  of  pure  gold  can  he  drawn 
of  only  the  4000th  part  of  an  inch  in  diameter.  But  Dr.  W.  H. 
Wollaston,  by  an  ingenious  procedure,  has  lately  advanced 
much  farther.  Taking  a short  cylinder  of  silver,  about  tho 
third  part  of  an  ioch  in  diameter,  he  drilled  a fine  hole  through 
its  axis,  and  inserted  a wire  of  platinum  only  the  lftoth  part  of 
an  inch  thick.  This  silver  mould  was  now  drawn  through  the 
successive  holes  of  a steel  plate,  till  its  diameter  was  brought 
to  near  the  1600th  part  of  an  inch,  anil  consequently  the  infer- 
nal wire,  being  diminished  an  the  same  proportion,  was  rednerd 
to  between  tbe  4 and  6000th  part  of  nn  inch.  The  compound 
wire  was  then  dipped  in  warm  nitric  acid,  which  dissolved  (he 
silver,  and  left  its  core,  or  the  wire  of  platinum.  By  passing 
the  inrrusted  platinum  through  a grraicr  number  of  boles, 
wires  still  finer  were  obtained,  some  of  them  only  tbe  30,000th 
part  of  an  inch  in  diameter.  The  tenacity  of  the  metal,  before 
reaching  that  limit,  was  even  considerable  ; a platinum  wire  of 
the  18,0001b  part  of  nn  inch  in  diameter  supporting  the  weight 
of  one  grain  and  a third. 

Such  excessive  fineness  is  hardly  surpassed  by  the  filamrn- 
tons  productions  of  nature.  Human  hair  varies  in  thickness, 
from  the  260th  to  the  COOth  part  of  an  inch.  The  fibre  of  the 
coarsest  wool  is  about  the  600th  part  of  an  inch  in  diameter, 
and  that  of  tbe  finest  only  the  )600th  part.  The  silk  line,  as 
spun  by  the  worm,  is  about  the  5000th  part  of  an  inch  thick; 
hut  a spider’s  line  is  perhaps  six  times  finer,  or  only  tho 
30,000th  part  of  an  inch  in  diameter,  insomuch,  that  a single 
pound  of  this  attenuated  substance  might  be  sufficient  to 
encompass  our  globe. 

The  red  globules  of  the  human  blood  have  an  irregular 
roundish  shape,  from  the  2600th  to  the  3300th  of  an  inch  in 
diameter,  with  a dark  central  spot. 

The  trituration  and  levigntinn  of  powders,  and  the  perennial 
abrasion  and  waste  of  tho  surface  of  solid  bodies,  occasion  a 
disintegration  of  particles,  almost  exceeding  the  powers  of 
compntation.  Emery,  lifter  it  has  been  ground,  is  thrown  into 
a vat  filled  with  water,  and  the  fineness  of  the  powder  Is  dis- 
tinguished by  the  time  of  its  subsidence.  In  very  dry  situ- 
ations, the  dust  lodged  near  the  corners  and  crevices  of  ancient 
buildings  is,  by  tbe  continual  agitation  of  the  air,  tnadc  to  give 
a glossy  polish  to  the  interior  side  of  the  pillars  and  the  less 
prominent  parts  of  those  venerable  remains.  So  fine  is  the 
sand  on  the  adust  plains  of  Arabia,  that  it  is  carried  some- 
times 000  miles  over  the  Mediterranean,  by  tbe  sweeping  and 
violent  Sirocco.  Along  the  shores  of  that  sea,  the  rucks  arc 
peopled  by  the  pholat,  a testaceous  and  edible  worm,  which, 
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though  verv  soft,  yet,  by  unwearied  perseverance,  work*  a | 
cylindrical  hole  into  the  heart  of  the  hardest  stone.  The  mar- 
ble steps  of  the  great  churches  in  Italy  arc  worn  hy  the  inces- 
sant crawling  of  abject  devotees ; nay,  the  hands  and  feet  of 
bronze  statues  are,  in  the  lapse  of  ages,  wasted  away  by  the 
ardent  kisses  of  innumerable  pilgrims  that  resort  to  those 
shrines.  What  an  evanescent  pellicle  of  the  metal  must  be 
abraded  at  each  successive  contact! 

The  solutions  of  certain  saline  bodies,  and  of  other  coloured 
substances,  exhibit  a prodigious  subdivision  and  dissemination 
of  matter.  A single  grain  of  the  sulphate  of  copper,  or  blue 
vitriol,  will  communicate  a fine  azure  tint  to  five  gallons  of 
water.  In  this  case  the  copper  must  be  attenuated  at  least  ten 
minion  times;  yet  each  drop  of  the  liquid  may  contain  as  many 
coloured  particles,  distinguishable  by  our  unassisted  vision.  A 
still  minuter  portion  of  cochineal,  dissolved  in  deliqueate  pot- 
ash. will  strike  a bright  purple  colour  through  an  equal  mass 
of  water. 

Odours  are  capable  of  a much  wider  diffusion.  A single 
grain  of  musk  has  been  known  to  perfume  a large  room  for 
th*  space  of  twenty  years.  Consider  how  often,  during  that 
lime,  ibe  air  of  the  apartment  must  have  been  renewed,  and 
have  become  charged  with  fresh  odour!  At  the  lowest  com- 
putation, the  musk  had  been  subdivided  into  320  quadrillions 
of  particles,  each  of  them  capable  of  affecting  the  olfactory 
organs.  The  vast  diffusion  of  odorous  effluvia  may  be  con- 
ceived from  the  fact,  that  a lump  of  wafatidn,  exposed  to  the 
open  air,  lost  only  a grain  in  seven  weeks.  Yet,  since  dogs 
hunt  hy  the  scent  alone,  the  effluvia  emitted  from  the  several 
species  of  animals,  ami  from  different  individuals  of  the  same 
race,  must  be  esseulially  distinct. 

The  vapour  of  pestilence  conveys  its  poison  in  a still  more 
subtile  and  attenuated  form.  The  seeds  of  contagion  are 
known  to  lurk  fur  years  in  various  ahxorbcnt  substances, 
which,  on  exposure  to  the  air,  scatter  death  and  consternation. 

But  the  diffusion  of  the  particles  of  light  defies  all  powers  of 
calculation.  A small  taper  will,  in  a twinkling,  illuminate  (ho 
atmosphere  to  the  distanco  of  four  miles ; yet  the  luminous 
particles  which  fill  that  wide  concavity  cannot  amount  to  the 
£000 Ui  part  of  a grain,  which  may  be  the  whole  consumption 
of  the  wax  in  light,  in  smoke,  and  ashes. 

Animated  matter  likewise  exhibits,  in  many  instances,  a 
wonderful  subdivision.  Between  tbc  Tropics,  the  small  marine 
poly  pi,  hy  the  immensity  of  their  combined  numbers,  speedily 
raise  up  clusters  of  coral  reefs,  so  dangerous  at  present  to  the 
navigation  of  those  seas,  but  which  are  destined,  at  no  very 
remote  period,  to  form  groups  of  inhabited  and  cultivated 
islands.  TI>o  milt  of  a codfish,  when  it  begins  to  pntrefy,  has 
been  computed  to  contain  a billion  of  perfect  insects  ; so  that 
thousands  of  these  living  creatures  could  be  lifted  on  the  point 
of  a needle.  But  the  infusory  animalcules  display,  in  their 
structure  and  functions,  the  most  transcendent  attenuation  of 
matter.  The  ciArio  undula,  found  in  duck-weed,  is  computed 
to  he  ten  thousand  million  times  smaller  than  a hemp  seed. 
The  vibrio  lineola  occurs  in  vegetable  infusions,  every  drop 
containing  myriads  of  those  oblong  points.  The  manor  gelati- 
nota,  discovered  in  ditch-water,  appears  in  the  field  of  a micro- 
scupc  a mere  atom  endued  with  life,  millions  of  them  playing 
like  the  surfbranis  in  a single  drop  of  liquid. 

Insects  have  been  discovered  so  small  as  not  to  exceed  the 
10.000  part  of  an  inch,  so  that  1,000,000,000,000  of  them  might 
be  contained  within  the  space  of  one  cubic  inch,  yet  each  ani- 
malcule must  consist  of  parts  connected  with  each  other,  with 
vessels,  with  fluids,  and  with  organs  necessary  for  its  motions, 
for  its  increase,  for  its  propagation,  Bcc.  How  inconceivably 
small  must  those  organs  he  ; and  yet  they  are  unquestionably 
composed  of  other  parts  still  smaller,  and  still  farther  removed 
from  the  perception  of  our  senses. 

DIVISION,  in  the  Navy,  a select  number  of  ships  in  a fleet 
or  squadron  of  men-of-war,  distinguished  by  a particular  flag, 
pendant,  or  vane,  and  sometimes  commanded  by  a general 
officer.  A squadron  is  commonly  ranged  into  three  divisions, 
the  commanding  officer  of  which  is  always  stationed  in  the 
centre.  In  a large  licet  (he  admiral  divides  It  into  three  squad- 
rons. each  of  which  is  commanded  by  an  admiral,  and  is  again 
divided  into  three  divisions ; each  squadron  has  its  propci 


colours,  according  to  the  rank  of  the  admiral  who  commands 
it ; and  each  division  its  proper  mast.  The  private  ships  carry 
pendants  of  the  same  colour  with  their  respective  squadrons  at 
the  masts  of  their  particular  divisions,  so  that  the  ships  in  the 
last  division  of  the  blue  squadron  carry  a blue  pendant  at  their 
mizzen  top-galtant-mast-head.  These  distinctions  of  division* 
are  not,  however,  constantly  practised.  The  general  officers  or 
commanders  of  divisions  place  themselves  in  the  centre  of  the 
divisions,  the  three  commanding  admirals  excepted,  who,  In 
a sailing  position,  lead  their  respective  squadrons. — In  the 
Army,  a body  of  troops  composed  of  scvernl  brigades,  and 
commanded  by  a general  officer. 

Division,  in  Natural  Philosophy,  is  the  taking  a thing  to 
pieces,  in  order  to  have  a more  complete  conception  of  the 
whole  : this  is  frequently  necessary  in  examining  very  complex 
beings,  the  several  parts  of  which  cannot  he  surveyed  atone  view. 

Division,  is  one  of  the  principal  rules  in  Arithmetic  and 
Algebra  : it  consists  in  finding  bow  often  a less  number  is  con- 
tained in  a greater.  The  number  to  he  divided  is  called  the 
dividend,  the  number  by  which  the  division  is  made  is  tho 
dtvisor ; the  number  of  times  that  this  is  contained  in  the  former 
is  called  the  fvtefiml,  and  if  any  thing  remains  after  the  opera- 
tion is  fiuished,  it  is  called  the  remainder.  Division  is  either 
simple  or  compound. 

Simple  Division,  is  when  both  the  divisor  and  dividend  ate 
integral  nnmbers. 

Hntr.~  Draw  a small  curve-line  on  the  right  and  left  uf  the 
div  idend,  and  write  the  divisor  on  the  left ; then  find  how  many 
times  the  divisor  is  contained  in  as  many  of  the  left-hand 
figures  of  the  dividend  as  are  just  necessary,  and  place  that 
number  on  tbc  right  Multiply  the  divisor  hy  this  number,  sad 
place  the  product  under  the  figure  of  the  dividend  above  men- 
tioned. Subtract  this  product  from  that  part  of  the  dividend 
under  which  it  stands,  and  bring  down  tbe  next  figure  of  the 
dividend,  or  more  if  necessary,  to  the  right  of  tbe  remainder. 
Divide  this  number,  so  increased,  as  before,  and  so  on  till  the 
whole  is  finished.  Sole  1.  When  it  is  necessary  to  bring  down 
more  than  one  figure  to  the  remainder,  a cipher  roust  be  placed 
in  tbc  quotient  for  every  figure  thus  brought  down.  2.  If  the 
divisor  do  not  exceed  12,  the  quotient  may  be  written  down  as 
it  arises,  immediately  under  tbc  dividend. — Proof  of  Division. 
Multiply  the  divisor  and  quotient  together,  and  add  to  this 
product  the  remainder,  which  ought  to  be  equal  to  the  dividend, 
if  tbe  work  be  right. 

Example. 


1)674346(1  7)643287(1 

346  ) 74867IC  ( 21637 

134869  quotients  91898 

692  346 

6 7 

666  129823 

346  86648 

674346  proof  043387 

64911 

2207  314 

2076  

■ 748671 6 (.Toot 

1311 

1038 

2736 

2422 

Sometimes,  for  the  sake  of  abridging  the  operation,  the  suc- 
cessive products  are  omitted,  ana  the  subtraction  is  made 
figure  for  figare  as  the  work  is  carried  on ; by  Ibis  method,  the 
foregoing  example  would  stand  as  follows: — Division  may 
also  be  proved  by  the  cross,  tbe  same  as  multiplication,  by 
casting  ont  tbe  nines  from  the  divisor  and  quotient ; and  again 
out  of  the  product  of  their  remainders  ; and  this  last  remainder 
ongbt  to  be  the  same  as  that  arising  from  the  dividend,  after 
tbc  remainder,  arising  in  the  operation,  is  subtracted  from  it ; 
thus,  346)  7486716(21(537 

066 
2207 

^2736  P"* 

314 


rO< 
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This  Is  generally  called  the  Italian  method  of  division. 

Compound  Division,  is  when  the  dividend  is  a compound 
qoantity. — Rule.  Divide  the  highest  denomination  of  the 

dividend  hj  the  divisor,  as  in  the  forrorr  rule.  Reduce  the 
remainder,  if  any,  to  the  next  inferior  denomination,  and  divide 
as  before  ; reduce  this  remainder  again,  and  divide  as  before  ; 
and  so  on  till  the  whole  is  finished.  AW.  If  the  divisor 
exceed  12,  and  be  a composite  number,  divide  by  its  factors 
successively,  instead  of  the  whole  number  at  once. 


£.  •. 

d. 

£.  s.  d. 

Example.  3)4  13 

7)9  13  U( 

1 11 

3 

quotient  17  9* 

3 

7 

4 13 

9 

proof  9 13  11 

3.  Divide 

£214. 

14s.  lOrf.  by  24. 

£.  s.  d. 

24  = 4 X 0 

4)214  14  10  C 

0 ) 63  13  81  ( 

8 18  11*  * 

Division  of  Fraction!,  is  performed  by  the  following  rule,  i 
Reduce  all  mixed  numbers  to  improper  fractions,  then  invest 
the  terms  of  the  divisor,  and  multiply  the  numerators  and 
the  denominators  together  as  in  multiplication,  observing  that 
such  factors  as  arc  common  in  the  numerators  and  denomina- 
tors may  be  cancelled. 

Example!. 


7 3 

7 

4 __ 

28 

3. 

j 6 , 3 

ft  * 4" 

14 

4 

7 

1. 

4 ~" 

9X 

3 — 

27 

8 

X3  = 

3 

3 . 4 _ 

3 

9 _ 

27 

4. 

0 1 .1 

7 

2 

14 

2. 

IT  * 9 

nx 

4 “ 

44 

2-j.t  - — 

3 * 2 

3 

X9  = 

27 

Division  of  Decimals,  is  performed  the  same  as  in  the  sim- 
ple rule  of  division,  observing  only  to  point  off  in  the  quotient 
as  many  decimal  places,  as  those  in  the  dividend  exceed  those 
in  the  divisor  ; and  if  there  be  not  so  many,  the  defect  must  be 
supplied  by  prefixing  ciphers.  Another  way  to  know  the  place 
for  the  decimal  point  is  this:  the  first  figure  of  the  quotient 
must  be  made  to  occupy  the  same  place  cither  in  integers  or 
decimals,  as  docs  that  figure  of  the  dividend  that  stands  over 
the  unit's  place  of  tho  first  product-  Sate.  The  division  may 
be  carried  on  to  any  extent  required  by  annexing  ciphers  to 
the  remainders  after  all  the  given  figures  have  been  used. 

Example.  486*4)748*6840(1 '615  quotient. 

20828 
7 444 
26800 
1480 

Division  of  ttrcnlating  Decimals , is  performed  by  converting 
the  repetends  into  their  equivalent  fractions,  and  then  proceed- 
ing as  in  division  of  fractions. 

Division,  in  Algebra,  is  the  method  of  finding  the  quotient 
arising  from  the  division  of  ooc  intermediate  quantity  by 
another,  which  may  be  considered  under  two  cases. 

Case  1.  When  the  divisor  and  dividend  are  both  simple  quan- 
tities. Rule.  Divide  the  co-efficients,  as  in  arithmetic,  and  to 
the  quotient  annex  the  result  arising  from  the  division  of  the 
indeterminate  quantities.  AW.  When  the  divisor  and  divi- 
dend have  like  signs,  the  sign  of  the  quotient  is  plus  + ; and 
when  they  arc  unlike,  the  sign  of  the  quotient  is  minus  — , as 
in  multiplication. 

Example.  6a6)24a*4»  7x*)36x*y»  0x*v/y)72x»y 

4 ah  bx  y*  12x  y 

— 4«4*)32a4e*  — 4xy)  — I6x*y*  4<**4) — 24a»4*c* 

— 8e  -f  4x  y*  — 6<i4*c» 

Cast  2.  "When  the  dividend  is  a compound  quantity,  and  the 
divisor  either  simple  or  compound.  Rule.  Set  the  divisor  on 


the  left  of  the  dividend,  and  proceed  in  the  operation  the  same 
as  in  division  of  numbers,  observing  still  the  same  rule  as 
above  with  regard  to  the  signs. 

Examples. 

a — 4 )«*  — 2 a 4 + 4*(a  — 6 i x -f  y )x*  + y*  (x1—  xy  -*•  y* 
a*  — a b j x*  + x»  y 


ah  -f  4* 
a h 6* 


— *’y  + y* 

— x*y  — xy* 


+ * J*  + f* 
+ + y* 


Division  of  Algebraic  Fractions,  is  performed  the  same  way 
as  in  the  case  of  simple  fractions,  t-tr.  reduce  all  mixed 
expressions  to  improper  fractions,  then  invert  the  terms  of  the 
divisor,  and  multiply  the  numerators  and  denominators  as  in 
the  rnle  above  quoted,  observing  to  cancel  all  factors  that  are 
common  to  the  numerators  and  denominators. 

Examples. 

I 5a  4 3 a1  5«  5c*  __  25  r * 

4~t  ~ 5?  ~ 44  X 57<  “ Uri 

^ 3 xy  . Out  3xy  7x*  y»  _j  7x*y« 

5x*x  7 x*  y*  6 x*  z X V tc x 1 5x*  w 


C^zJL  + *±_l 

Jx*  + xy  x 

) L-H  = ; 

V * + y 


x*  — y*  x 

a<x  + y)  X 5"  + ^ 


Division  of  Surds , is  the  method  of  ascertaining  the  quotient 
arising  from  the  division  of  one  irrational  quantity  by  another. 
Rule.  Reduce  the  given  surds  to  their  simplest  form,  and  the 
radical  parts  thus  arising  to  like  radicals  ; then  divide  the  co- 
efficient of  the  dividend  by  the  co-efficicnt  of  the  divisor  for  the 
new  co-efficicnt,  and  one  surd  part  by  the  other  for  the  required 
sard,  which  being  annexed  with  its  proper  radical  sign  to  the 
co-efficient  before  found,  will  be  the  answer  required.  Sate. 
If  the  radical  signs  be  not  the  same,  but  the  quantities  under 
them  be  equal,  the  division  will  be  effected  by  subtracting  the 
index  representing  the  radical  of  the  divisor  from  the  index  of 
that  representing  the  radical  of  tho  dividend. 

Examples. 

4-  -vnlr-=1r^L  = *’ 

k/  108  _ 3 v*4  = !£4  _ V 16  — y 2 

V 18  3V2  »J  2 \/  8 

AW.  When  the  proposed  divisor  is  a binomial  surd,  con- 
sisting of  the  sum  or  difference  of  two  square  roots,  it  may  be 
rendered  rational  by  multiplying  both  numerator  aud  denomi- 
nator, or,  which  is  the  same,  both  divisor  and  dividend,  by  the 
same  two  Quantities,  but  connected  with  a contrary  sign  to  that 
by  which  they  are  connected  in  the  denominator,  that  is,  by 
4-  when  that  is  — ; and  by  — , when  that  is  4-  ; because  the 
product  of  the  sum  of  two  quantities  multiplied  by  their 
difference,  is  equal  to  the  difference  of  their  squares.  Thus, 
for  example,  required  the  quotient  arising  from  the  division 
of  y/  5 -f-  of  Tbj  of  13  4*  v/lO.  By  the  rule, 

i ^ 5 -f  y/  7 _ y/  6 + y/  7 _ y/  13  — y/  lo 

5 V 13  4-  v/  10  V 13  4-  V 10  “ j 13  — VIO 

</  33  4-  J 91  — 5 sj  2 — y/  70. 

Division  of  Ratios,  or  Ditided  Ratio,  is  when  of  four  propor- 
tional quantities,  the  differences  of  the  antecedents  and  con- 
sequents are  compared  either  with  the  antecedents  or  conse- 
quents ; thus,  if  * : 4 : : e : d. 

ii..n  » « — — d ■.  c. 
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DIVISOR,  is  that  number  or  quantity  which  exactly  divides 
another  number  or  quantity,  without  leaving  a remainder. 
Divisor  also  signifies  that  number  by  which  another  number  is 
to  hr  divided,  w ithout  regard  to  what  may  remain  after  division. 

Common  iMvisOR,  in  Arithmetic,  is  that  number  which  will 
exactly  divide  two  or  more  given  numbers;  and  the  greatest 
of  all  such  divisor*  is  called  the  greatest  common  divisor,  or  1 
the  greatest  cammim  measure.  The  following  theorems  are 
frequently  useful  in  finding  the  divisors  of  numbers  : — 1.  If  the 
last  digit  of  any  number  be  divisible  by  2,  the  whole  number  is 
divisible  by  2.  If  the  two  last  digits  be  divisible  by  4,  the 
whole  number  is  divisible  by  4.  If  the  three  last  digits  he 
divisible  by  8.  the  whole  number  is  divisible  by  8.  And  gene- 
rally, if  the  last  n digits  of  any  number  be  divisible  by  2*,  the 
w hole  number  is  divisible  by  2 . 2.  If  the  sum  of  the  digits  of 
any  number  be  divisible  by  3 or  by  9,  the  whole  number  is 
divisible  by  3 or  9 ; and  if  also  the  last  digit  be  even,  the  whole 
number  is  divisible  by  18.  3.  If  a number  terminate  with  5,  it 
is  divisible  by  6;  and  if  it  terminate  in  0,  it  is  divisible  by 
either  10 or  5."  4.  If  the  sums  of  the  alternate  digits  be  equal, 
or  if  one  sum  exceed  the  other  by  11,  or  by  any  multiple  of  II, 
the  whole  number  is  divisible  by  II,  See  vol.  i.  p.  24,  Ealer’s 
“ Algebra,”  2d  English  edition. 

By  Beans  of  these  theorems  we  arc  enabled  frequently  to 
ascertain  the  divisors  of  numbers,  butwrhen  the  greatest  com- 
mon divisor  of  two  numbers  is  required,  we  must  proceed  by 
the  follow  ing  rule. 

To  find  the  greatest  comma*  Divisors  of  turn  given  Humbert. — 
Rule.  Divide  the  greater  number  by  the  less,  then  divide  the 
divisor  by  the  remainder ; and  thus  continue  always  dividing  I 
the  last  divisor  by  the  last  remainder  till  nothing  remains,  and  I 
the  last  divisor  will  be  that  required.  — Ante.  If  the  greatest 
common  divisor  of  three  or  mure  numbers  be  required,  find 
the  common  divisor  of  two  of  them  first,  then  of  this  common 
divisor  and  another  of  the  given  numbers,  and  so  on  to  the 
last;  so  shall  the  last  divisor  be  the  greatest  common  divisor 
required. 

Examples. — Required  the  greatest  common  divisor  of  7631 
and  2641b  7631)26415(3 

22893 

3522)7631(2 

7944 

greatest  common  divisor  zz  587)3522  (6 
3622 


which  number  will  divide  both  the  given  numbers,  for 


tan 

587" 


,3i*DdTsr  = 45- 


Common  Divisor,  in  Algebra,  is  any  algebraical  formal!  or 
expression,  that  will  exactly  divide  two  or  more  other  alge- 
braical formula,  without  h aving  a remainder;  and  the  greatest 
of  such  divisors  is  called  the  greatest  common  divisor. 

DIVORCE,  a separation  of  two  dc  facto  married  together, 
of  which  there  arc  two  kinds;  one  a vinculo  matrimonii,  from 
the  very  bond  of  marriage ; the  other  a ruensa  et  tbora,  from 
bed  and  board. 

DIURETICS,  in  Pharmacy,  snch  medicines  as  increase  the 
discharge  of  urine;  or  winch  are  supposed  to  have  a power 
of  removing  obstructions  in  the  urinary  passages. 

DIURNAL,  in  Astronomy,  any  thing  relating  to  the  dBy,  in 
opposition  to  nocturnal,  relating  to  the  niuht. 

Diurnal  Arc.  is  the  apparent  are  described  by  the  heavenly 
bodies,  in  consequence  of  the  rotation  of  the  earth 

Diurnal  Motion  of  a Planet,  is  the  number  of  degrees, 
mi  notes,  fee.  which  a planet  moves  in  24  hours. 

li i URN  vt.  Motion  of  the  Earth,  is  its  rotation  round  its  axis, 
the  duration  of  which  constitutes  the  nation  I day.  This  motion 
has  generally  bccu  considered  as  uniform,  though  there  hate 
been  some  astronomers  who  have  suspected  a trifling  irregula- 
rity; and  the  late  investigations  of  the  French  astronomers 
tend  rather  to  confirm  the  latter  hypothesis. 


DOCK,  a broad  and  deep  trench  formed  on  the  side  of  a 
harbour,  or  the  banks  of  a river,  and  commodiously  fitted, 
cither  to  build  ships,  or  to  receive  them  to  be  repaired  ; these 
docks  have  generally  strong  flood-gates,  to  prevent  the  flux  of 
the  tide  from  entering  the  dock.  There  arc  likewise  wet  docks 
without  flood-gates,  where  a ship  can  be  cleaned  during  the 
recess  ol  the  tide,  or  between  the  times  when  the  tide  leavos 
her  dry  aground,  and  the  period  when  it  reaches  her  again. 

DOCKING  a Ship,  the  act  of  diawing  her  into  dock,  in 
order  to  give  her  a proper  repair,  cleanse  the  bottom,  and 
cover  it  anew.  Set  the  article  Hkeamino. 

DOCKS,  London,  just  below  the  site  of  the  Tower,  and  on  the 
left  bank  of  the  Thames,  were  brerun  in  1800,  and  completed  in 
1006,  at  an  expense  of  £1.500.000  sterling;  at  any  rate  the 
capital  of  the  Company  is  a million  and  a half  sterling:  the 
dividend,  by  act  of  parliament,  cau  never  exceed  10  per  cent. 
The  Inrger  dock  is  a rectangle,  the  longer  sides  of  which  run 
from  east  to  west.  The  lower  entrance  is  by  a cut  which  opens 
into  a long  basin,  communicating  with  the  dock  by  a short 
canal:  this  is  called  the  Wapping  entrance.  Higher  up  tho 
river,  there  is  another  canal,  which  leads  to  the  south-west 
angle  of  the  dock:  this  is  the  entrance  called  the  Hermitage, 
of  which  we  give  a plan,  with  the  excellent  locks  by  which  it  is 
floated.  For  all  these  details,  see  the  Plate  London  Docks. 
The  late  Mr.  Rennie  was  the  engineer  who  prepared  the 
plans,  and  directed  the  execution  of  these  great  undertakings. 
To  form  an  idea  of  the  importance  of  these  works,  it  will  be 
sufficient  to  detail  some  of  the  principal  dimensions. 

The  Dock,  properly  so  called,  is  420  yards  in  length,  276 
yards  in  breadth,  and  29  feet  in  depth  ; its  superficies  is  equal 
to  25  acres;  that  of  the  basin  is  above  two  and  a half  acres; 
and  if  to  this  square  be  added  the  ground  occupied  by  ware- 
houses. the  sheds,  and  the  quays,  it  will  be  found  that  the 
whole  premises  contain  n superficies  of  1-IU  acres.  With  the  ex- 
ception of  those  ships  that  trade  to  the  East  and  West  Indies, 
every  vessel,  whether  English  or  foreign,  may  enter  the  Lon- 
don Dock,  upon  paying  the  duties,  to  unship  their  cargoes,  or 
take  in  a new  lading. 

For  the  convenience  of  business,  ranges  of  sheds,  low,  nod 
of  a very  simple  construction,  have  been  erected  along  tLe 
sides  of  the  dock  and  near  the  edges  of  the  quays,  into  which 
cargoes  are  removed.  Behind  these  sheds,  and  in  a parallel 
direction  to  them,  stands  a line  of  magnificent  warehouses, 
four  stories  high,  with  spacious  vaults,  into  which  the  casks 
arc  conveyed  by  inclined  planes.  These  warehouses  are  built 
with  regular  it v and  solidity,  but  without  any  pretension  to 
ornaments.  Nothing,  however,  can  be  more  imposing  than  the 
effect  of  the  whole,  of  the  grandeur  of  which  some  idea  may  be 
formed,  by  considering  that  these  buildings  occupy  a super- 
ficies of  120.900  square  yards. 

In  front  of  the  warehouses,  and  along  the  whole  length  of 
the  sheds,  are  iron  railways  ; others  cross  these  at  right  angles, 
leading  from  the  quay  to  the  warehouses,  and,  in  some  instances, 
to  their  interior.  Oblique  lines  of  connexion  facilitate  the 
communication  of  the  former  railways  with  the  latter.  As  the 
edges  of  these  railways  rise  in  a small  degree  only  above  tbe 
level  of  the  pavement,  carriages  can  pass  over  without  damag- 
ing them,  and  without  being  impeded  by  them. 

To  the  cast  of  the  dock,  a range  of  warehouses  baa  been 
built,  for  the  reception  of  tobacco.  Before  this  expensive  pro- 
duction was  stored  in  secure  places,  and  defended  by  high 
walls,  it  w as  a great  object  of  the  system  of  plunder  and  fraud 
carried  on  upon  the  river.  The  first  and  most  extensive  of 
these  warehouses,  which  of  itself  covers  a spare  of  six  acres, 
is  the  work  of  Mr.  Alexander.  This  distinguished  architect 
has  hero  made  a most  judicious  combination  of  wood  and  iron. 
On  the  other  side  of  a short  canal,  and  close  to  this  warehouse, 
is  a second,  which  covers  about  17,000  square  y ards.  Its  con- 
struction is  evidently  upon  the  same  principle  as  tbe  last  men- 
tioned. But  in  the  present  instance,  the  idea  which  Mr  Alex- 
ander afterward  followed  up,  is  in  some  measure  still  rude,  and 
the  progress  of  art  is  very  perceptible  in  a comparison  of  tho 
two  buildings. 

The  London  Docks  arc  the  grand  dcpAt  for  foreign  spirits: 
numerous  pipes  of  wine  and  brandy  are  kept  in  the  vaults, 
which  occupy  the  same  superficies  as  tho  warehouses;  tbesa 
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vaults  are  groined,  and  Ihcir  piers  support  the  columns  of  the 
warehouses  above. 

The  London  Docks  have  their  several  parts  perfectly  adopted 
to  each  other,  and  are  of  the  most  admirable  construction.  The 
gates,  like  all  those  whose  size  exceeds  from  20  to  23  Teet,  in- 
stead of  being  straight,  are  curved  on  the  side  on  which  the 
water  presses. 

A no:  her  very  important  difference  observable  between  the 
hydraulic  architecture  of  the  English  and  that  of  the  French,  is 
the  form  of  the  walls  of  their  quays.  The  French  give  the 
exterior  face  of  these  walls  the  straight  form  of  nn  inclined 
plane,  while  the  interior  face,  or  that  which  is  in  contact  with  the 
gtound,  is  in  the  form  of  u vertical  plane.  The  English  trite 
both  these  faces  a curved  form,  beginning  almost  perpendicu- 
larly, and  without  a curve  at  the  upper  part ; the  curvature 
increases,  and  takes  a sloping  direction,  which  is  less  rapid  as 
it  approaches  the  lower  courses  of  the  work.  In  works  exe- 
cuted with  great  care  and  precision,  these  courses,  instead  of 
being  horizontal,  arc  perpendicular  to  the  exterior  surface  of 
the  w all. 

The  Wnt  India  Docks  are  on  the  left  bank  of  the  Thames, 
at  the  distance  of  about  one  mile  and  a half  below  the  London 
Dorks ; they  are  situated  on  the  base  of  a tongue  of  land  of 
the  Isle  of  Dogs,  a sort  of  peninsula  formed  by  a long  circuit 
of  the  river.  The  docks  have  an  entrance  at  each  extremity  nf 
this  circuit.  South  of  the  docks,  and  parallel  to  their  length, 
is  the  city  canal,  by  meuus  of  which  the  long  turn  of  the  river 
may  be  avoided.  But  in  order  to  gain  the  advantage  offered 
by  the  canal,  a toll  is  to  be  paid.  Naval  captains  prefer  fol- 
lowing the  common  course  of  the  river,  which,  when  the  tide 
serves,  does  not  occasion  a loss  of  more  Ilian  two  hours’  time. 
It  has  been  found  more  advantageous  to  make  this  canal  serve 
as  a receptacle  for  dismantled  ships  laid  up  in  ordinary;  they 
arc  ranged  on  a liue  of  about  a mile  in  length,  and  present  a 
magnificent  sight  when  viewed  from  the  right  bank  of  the  river. 

The  West  India  docks  are  much  superior  to  the  London 
both  in  extent  and  regularity.  These  vast  works  were  un- 
dertaken and  executed  by  an  association  of  private  indivi- 
duals, and  by  means  of  a mere  subscription  ; twenty-seven 
months  sufficed  to  accomplish  the  whole.  The  excavations 
of  the  West  India  docks  began  on  the  12th  of  July,  1800;  and 
as  early  as  the  month  of  Septembei,  1802,  vessels  entered  the 
import  dock ! 

At  the  highest  tides  the  depth  of  water  in  the  two  docks  is 
twenty-four  feet;  they  are  formed  parallel  to  each  other ; their 
common  length  is  about  800  yards.  The  largest,  which  has  a 
superficies  of  above  thirty  acres,  is  destined  to  those  vessels 
returning  to  the  West  Indies,  which  deposit  their  cargoes  in 
the  warehouses  of  this  artificial  port.  The  second,  the  super- 
ficies of  which  is  about  twenty-five  acres,  receives  the  vessels 
laid  up  in  ordinary,  or  taking  the  outward  bound  cargoes. 
These  docks,  with  (heir  basins,  and  the  locks  which  connect 
them  with  the  river,  present  an  area  of  sixty-eight  acres  of 
ground,  excavated  by  human  hands,  for  the  reception  and 
moorage  of  vessels  : the  total  superficies,  including  that  of  the 
quays  and  warehouses,  is  HO  acres. 

During  the  busy  season,  this  establishment  employs  about 
2800  workmen.  It  rau  admit  at  the  same  time  204  vessels 
in  the  import,  and  105  in  the  export  dock,  forming  a total  of 
120,000  tons.  During  the  first  fifteen  years,  7,200  vessels 
entered  them.  In  fine,  upon  the  quays,  under  the  sheds,  and 
in  the  warehouses,  there  have  been  deposited  at  the  same  time 
148, 5G3  barrels  or  casks  of  sugar,  70,875  barrels  and  403,618 
bags  of  coffee,  35,158  pipes  of  rum  and  Madeira  wine,  14,021 
logs  of  mahogany,  21,360  tons  of  logwood,  &e.  Nothing  ap- 
pears more  simple  than  the  idea  of  forming  separate  docks  fur 
the  loading  and  unloading  of  importations  and  exportations, 
yet,  infinite  as  the  advantages  which  it  affords  are,  in  prevent- 
ing confusion,  and  the  frauds  which  it  naturally  produces,  the 
English  constructed  docks  for  more  than  a century  before  the 
idea  of  separate  docks  struck  them. 

At  the  upper  and  lower  entrances  of  the  two  docks,  a basin 
presents  three  locks  of  communication.  The  first  communi- 
cates with  the  Thames.  The  water  is  kept  in  it  by  means  of 
double  gates-  The  second  and  third  locks  lend  respectively 
into  the  export  and  import  docks ; they  have  also  double  gates. 

20. 


By  this  means,  the  vessels  arc  able  to  come  in  and  go  out  in- 
dependently of  the  slate  of  the  tide ; they  may  remain  in  the 
basin  ns  long  as  is  judged  convenient  The  water  of  the  docks 
being  but  very  lit (le  higher  than  that  of  the  basins,  it  does  not 
press  violently  on  the  gates  of  the  locks.  It  should  be  also 
observed,  that  this  water  having  had  time  to  settle  in  its  pre- 
vious passage  through  the  basin,  hardly  deposits  any  sediment 
when  introduced  into  the  docks. 

The  docks  lie  in  the  direction  of  west  to  east,  inclining  a 
little  towards  the  sonth.  The  principal  entrance,  that  of  the  im- 
port dock,  is  in  the  midst  of  the  smaller  side  to  the  west,  which 
faces  London ; in  corning  from  the  city,  we  reach  it  by  a branch 
of  tho  Commercial  Road. 

William  Jcssop  furnished  the  plans  of  the  West  India  docks, 
and  directed  tbeir  execution — a monument  which  will  per- 
petuate his  memory.  The  construction  which  we  have  de- 
scribed, in  speaking  of  the  London  dock,  as  to  quays  with 
concave  linings,  lock-gates  forming  a sweep,  and  iron  bridges, 
wns  first  put  in  practice  in  the  establishment  now  under  con- 
sideration. After  the  death  of  William  Jessop,  all  these  works 
were  intrusted  to  J.  Rennie,  sen. 

The  sheds  represented  in  oor  Plate,  run  parallel  with  the 
warehouses.  The  columns  supporting  them  are  eleven  feet 
high,  of  cast  iron,  as  are  also  the  capitals  ; the  construction  of 
these  roofs  is  very  simple,  but  firm  and  neat 

The  East  India  Docks  belonging  to  the  East  India  Com- 
pany, are  inferior  to  the  West  India  docks  in  magnitude,  but 
equal  in  point  of  construction,  security  of  property,  and.  having 
to  receive  vossels  of  2500  tons,  they  are  deeper  than  the  West 
India  docks,  and  have  never  less  than  23  or  24  feet  water. 

DOCK-YARDS,  arsenals  containing  all  sorts  of  naval  stores 
and  timber  for  ship  building.  In  England  the  royal  dock-yards 
ere  at  Chatham,  Portsmouth,  Plymouth,  Deptford.  Woolwich, 
and  Sheerncss,  where  his  majesty’s  ships  and  vessels  of  war 
are  generally  moored  during  peace,  and  such  as  want  repair- 
ing are  taken  into  the  docks,  examined,  and  refitted  for  service. 
These  yards  are  generally  supplied  from  the  northern  crowns, 
with  hemp,  pitch,  tar,  rosin,  canvass,  oak  plank,  and  several 
other  species  of  stores.  With  regard  to  the  masts,  particularly 
those  oT  the  largest  size,  they  are  usually  imported  from  New 
England.  The  three  first  of  these  yards  arc  governed  by  a 
commissioner  resident  at  the  port,  who  superintends  all  the 
musters  of  the  officers,  artificers,  and  labourers,  employed  in 
the  dork-yard  and  ordinary  ; he  also  controls  their  payment 
therein,  examines  their  accounts,  contracts  and  draws  bills  on 
the  navy-office  to  supply  the  deficiency  of  stores  ; and,  finally, 
regulates  whatever  belongs  to  the  dock-jard,  maintaining  due 
order  in  the  respective  offices. 

DOCTOR,  a person  who  has  passed  all  the  degrees  of  a 
faculty,  and  is  empowered  to  teach  or  practise  the  same:  thus 
w e say,  doctor  in  diiinity,  doctor  in  physic,  doctor  of  laws. 

DODECAGON,  in  Geometry,  a regular  polygon,  consisting 
of  twelve  equal  sides  and  angles. 

To  intcrihe  a Dodecagon  in  a Circle.— -Apply  the  radius  of  the 
circle  six  times  round  the  circumference,  which  will  divide  it 
into  six  equal  parts;  then  bisect  each  of  those  parts,  which 
will  divide  the  circumference  into  12  parts  for  the  dodecagon 
required. 

To  find  the  Area  of  a Dodecagon.— If  the  side  of  a dodecagon 
be  1.  its  area  is  equal  to  3 + tan.  76°=  3 (2  -+-  *J  3)  = 
111961524  nearly  : and  as  the  areas  of  polygons  arc  to  each 
other  as  the  square  of  their  like  sides,  we  have  as 
P:  11*1901524 : : *»:  r1  4*  11*1961524=  the  area  of  a dodecagon. 

DODECAHEDRON,  in  Geometry,  one  of  the  regular  Pla- 
tonic bodies,  comprehended  under  12  equal  !.idea  or  faces,  each 
of  which  is  a regular  pentagon.  Or.  a dodecahedron  may  be 
conceived  to  consist  of  12  equal  pentagonal  pyramids,  whose 
vertices  or  tops  all  meet  in  one  common  point,  which  will  be 
the  centre  of  the  sphere  circumscribing  tho  dodecahedron.  The 
side  of  a dodecahedron,  inscribed  in  a sphere,  is  equal  to  the 
greater  part  of  the  side  of  a cube  inscribed  in  the  same  sphere 
when  cut  in  extreme  and  mean  proportion.  If  a line  be  cat  in 
extreme  and  mean  ratio,  and  the  less  part  of  it  be  taken  for  the 
side  of  a dodecahedron,  the  greater  part  will  be  the  side  of  a 
cube  inscribed  in  the  same  sphere.  The  side  of  the  cube  is 
equal  to  the  right  line  that  sobtends  the  angle  of  the  pentagon. 
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which  forms  one  of  the  equal  sides  of  the  dodecahedron, 
inscribed  in  the  same  sphere. 

DODECATEMORY,  the  twelfth  part  of  a circle.  The  term 
is  chiefly  applied  to  the  twelve  houses,  or  parts,  of  the  zodiac, 
of  the  primum  mobile,  to  distinguish  them  from  the  twelve 
signs:  though  some  authors  use  the  same  term  when  speaking 
of  the  twelve  signs  of  the  zodiac,  because  they  each  contain  a 
twelfth  part  of  the  whole  circle. 

DOG,  a sort  of  iron  hook  or  bar  with  a sharp  fang  at  one 
end,  so  formed  as  to  be  easily  driven  into  a piece  of  limber; 
it  is  used  to  drag  it  along  by  means  of  a rope  fastened  to  it, 
upon  which  any  number  of  men  can  pull,  and  so  draw  the  plank 
towards  the  place  where  it  is  to  be  stowed.  It  Is  also  used  for 
the  same  purpose  in  unlndiug  the  ship. 

DOGGER,  a Dutch  vessel  navigated  in  the  German  oecan; 
it  is  equipped  with  two  masts,  a main  and  a mizzen  mast,  and 
somewhat  resembles  a ketch.  It  is  principally  used  for  fishing 
on  the  Dogger  Bank. 

DOG-VANE,  a small  vane  composed  of  thread,  cork,  and 
feathers,  fastened  on  the  end  of  a half-pike,  and  placed  on  the 
weather  gun-wale  to  steer  the  ship  by,  when  sailing  on  a wind. 

D0LICHO8,  a genus  of  the  decandria  order,  in  the  diadel- 
phia  class  of  plants  ; and  in  the  natural  method  ranking  under 
the  33d  order,  papilionaceffi.  There  arc  38  species,  the  most 
remarkable  of  which,  the  soja,  a native  of  Japan,  grows  with 
nn  erect,  slender,  and  hairy  stalk  to  the  height  of  about  four 
feet.  The  leaves  arc  like  those  of  the  garden  kidnev  bean. 
The  flowers  arc  of  a bluish  white,  and  produced  from  the  bosom 
of  the  leaves,  and  succeeded  by  bristly  hanging  pods  resem- 
bling those  of  the  yellow  lupin,  whieh  commonly  contain  two, 
sometimes  three,  large  white  seeds.  There  is  a variety  of  this 
kind,  with  a small  black  fruit,  which  was  once  employed  in 
medicine.  Kcmpfer  affirms,  that  the  seeds  of  this  give  relief 
in  the  asthma.  From  this  plant  comes  the  pickle  called  sooju 
or  soy  ; to  make  which,  they  take  equal  quantities  of  the  beans 
boiled,  barley  or  wheat  roughly  ground,  and  common  salt. 
Having  properly  mixed  the  beans  with  the  pounded  corn,  they 
keep  the  whole  covered  in  a warm  place,  in  order  to  ferment; 
then  putting  the  mass  into  a pot,  they  cover  it  with  the  salt, 
pouring  over  the  whole  two  measures  and  a half  of  water.  This 
they  stir  for  two  or  three  months,  at  the  end  of  which  time 
they  filtrate  and  express  the  mass,  and  preserve  the  liquor  in 
wooden  vessels. 

DOLLAR,  a silver  coinage  of  Spain  and  of  the  United 
States,  the  former  being  worth  4/.  6irf.  of  the  coinage  before 
1772;  and  4v.  4\d.  since  that  date;  which  latter  is  also  about 
the  value  of  the  American  dollar. 

DOLOMITE.  There  arc  several  kinds.  White  dolomite 
contains  40.5  carbonate  of  magnesia,  52.08  carbonate  of  lime, 
0.25  oxide  of  manganese,  0.3  oxide  of  iron.  It  is  found  in  beds 
in  the  island  of  Iona.  A beautiful  variety,  found  in  the  island  of 
Tcnedos,  was  used  by  the  ancient  sculptors.  It  consists  of  fine 
grunulur  concretions.  The  brown  dolomite  is  the  magnesian 
limestone  of  Tennant.  There  is  a columnar  dolomite  of  a pale 
grayish  white.  Compact  dolomite  is  of  a snow-white  colour. 

DOLPHIN,  or  DeM’IIIM'S,  in  Astronomy,  the  Dolphin,  one 
of  the  old  constellations,  which  is  said  to  have  been  placed 
among  the  constellations  by  Neptune,  because  by  means  of  this 
fish.  Ampliitrite  became  the  wife  of  Neptune,  though  she  had 
made  a vow  to  observe  perpetual  celibacy. — UoHndaries  and 
Content*.  W.  by  Aquila,  N.  by  Vulpccula,  E.  by  Pegasus,  and 
S.  by  Aquarius  and  Antiiious.  This  constellation  contains  18 
stars,  five  of  which  are  of  the  3d  magnitude,  and  tho  rest  of 
smaller  magnitudes. 

Dolphin  of  the  a kind  of  wreath  formed  of  plaited 

cordage,  to  be  fastened  occasionally  round  the  mast  as  a sup- 
port to  the  puddening;  the  use  of  which  is  to  sustain  the  wriglit 
of  the  fore  and  main  jarda  by  the  jears,  in  rase  the  rigging  or 
chains,  by  which  those  sards  arc  suspended,  should  be  shot 
away  in  the  lime  of  batlle. 

DOME,  in  Architecture,  is  a roof,  or  vault,  rising  from  a 
eirculm,  elliptic,  or  polygonal  base,  or  plane;  with  a convexity 
outwaids,  or  a concavity  inwards,  in  such  a manner,  that  ail 
the  horizontal  sections  made  by  planes  will  be  similar  figures 
round  h vertical  axis.  Domes  nre  denominated  by  the  figures 
of  the  basis  on  which  they  are  erected ; and  aro  therefore  called 


polygonal,  circular,  or  elliptic  domes.  Circular  domes  are  of 
several  kinds,  ns  spherical,  spheroidal,  or  ellipsoidal,  hyper  bo- 
loidal,  paraboloidal,  &c.  Domes  that  rise  higher  than  the'radius 
of  the  base  are  called  surmounted  domes  ; and  those  which  rise 
less  than  this  dimension,  are  termed  diminished  or  sur based 
domes.  Domes  that  rise  from  circular  bases  are  called  also 

m point. 

DOMESDAY,  or  Doomsday-book,  a very  ancient  record 
made  in  the  time  of  William  the  Conqueror,  which  now  remains 
in  the  Exchequer,  and  consists  of  two  volumes,  a greater  and 
a less ; the  greater  contains  a survey  of  all  the  lands  in  most 
of  tho  counties  in  England,  and  the  less  comprehends  some 
counties  that  were  not  then  surveyed.  The  book  of  domesday 
was  begun  by  five  justices,  assigned  for  that  purpose  in  each 
county,  in  the  year  1081,  and  finished  in  1080.  It  was  of  that 
authority,  that  the  Conqueror  himself  submitted,  in  some  cases 
wherein  be  was  concerned,  to  be  determined  by  it.  Camden 
calls  this  book  the  tax-book  of  king  William  ; and  it  w as  far- 
ther called  magna  rolls.  There  is  likewise  a third  book  of 
domesday,  made  by  command  of  the  Conqueror ; and  also  a 
fourlh,  being  an  abridgment  of  the  other  books. 

DOMINICAL  Lettkk,  in  Chronology,  properly  called  Sun- 
day letter,  one  of  the  seven  letters  of  the  alphabet  ABCDEFO, 
used  in  almanacs,  ephemerises,  &c.  to  designate  the  Sundays 
throughout  the  year.  In  our  almanacs,  the  first  seven  letters 
of  the  alphabet  arc  commonly  placed  to  shew  on  what  days  of 
the  week  the  days  of  the  months  fall  throughout  the  year.  ’And 
because  one  of  those  seven  letters  must  necessarily  stand 
against  Sunday,  it  is  printed  in  a capital  form,  and  called  the 
dominical  letter ; the  other  six  being  inserted  in  different  cha- 
racters, to  denote  the  other  six  days  of  the  week.  Now,  snee 
a common  Julian  year  contains  305  days,  if  this  number  be 
divided  by  7 (the  number  of  days  in  a week)  there  will  remain 
one  day-  If  there  had  been  no  remainder,  it  is  obvious  the 
ear  would  constantly  bepio  on  the  same  day  of  the  week : 
ut  since  one  remains,  it  is  plain  that  the  year  must  begin  and 
end  on  the  same  day  of  the  week  ; and  therefore  the  next  year 
will  begin  on  the  day  following.  Hence,  when  January  begins 
on  Sunday,  A is  the  dominical  or  Sunday  letter  for  that  year: 
then,  because  the  next  year  begins  on  Monday,  the  Sunday 
will  fall  on  the  seventh  day,  to  which  is  annexed  the  seventh 
letter  O,  which  therefore  will  bs  the  dominical  letter  for  all 
that  year:  and  as  the  third  year  will  begin  on  Tuesday,  the 
Sunday  will  fall  on  the  sixth  day  ; therefore  F will  be  the  Sun- 
day letter  for  that  year.  Whence  it  is  evident,  that  the  Sun- 
day letters  will  go  annually  in  retrograde  order  thus,  G,  F,  E, 
D,  C,  B,  A.  And,  in  the  coarse  of  seven  }cars,  if  they  were 
nil  common  ones,  the  same  days  of  the  week  and  dominical 
letters  would  return  to  the  same  days  of  the  months.  But 
because  there  are  806  days  in  a leap-year,  if  the  number  be 
divided  by  7,  there  will  remain  two  days  over  and  above  the  52 
weeks  of  which  the  year  consists.  And,  therefore,  if  the  leap- 
year  begins  on  Sunday,  it  will  end  on  Monday ; and  as  the 
year  will  begin  on  Tuesday,  the  first  Sunday  thereof  must  fall 
on  the  6th  of  January,  to  which  is  annexed  the  letter  F,  and 
not  G,  as  in  common  years.  By  this  means,  the  leap-year 
returning  every  fourth  year,  the  order  of  the  dominical  letters 
is  interrupted ; and  the  series  cannot  return  to  its  first  state 
till  ufter  four  times  seven,  or  28  years  ; and  then  the  same  dnys 
of  the  months  return  in  order  to  the  same  days  of  the  week  as 
before. 

The  dominical  letter  may  be  found  universally,  for  any  year 
of  any  century,  Ihtts:  Divide  the  centuries  by  4;  and  take 
twice  what  remains  from  6;  then  add  the  remainder  to  tho  odd 
years  above  the  even  centuries,  and  their  4tb.  Divide  their 
sum  by  7,  and  the  remainder  taken  from  7 wilt  leave  the  num- 
ber answering  to  the  letter  required.  Thus,  for  the  year  1878 
the  letter  is  F. 

For  the  centuries,  18  divided  by  4,  leave  2;  the  double  of 
which  taken  from  6 leaves  2 again  ; to  which  add  the  odd  years 
78,  and  their  4th  part  19,  the  sum  99  divided  by  7,  leaves  1 ; 
which  taken  from  7,  leaves  6,  answering  to  F,  the  6th  letter  iu 
the  alphabet. 

DONATION,  an  act  whereby  a person  transfers  to  another 
either  the  property  or  the  use  of  something,  as  a free  gift  In 
older  to  be  valid,  it  supposes  a capacity  both  in  the  donor  and 
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donee,  and  requires  consent,  acceptance,  and  delivery.  Civi- 
lians distinguish  donation  into  pure  and  conditional. 

DONATIVE,  in  the  Canon  Law,  is  a bcnclicc  given  by  the 
patron  to  a priest,  without  presentation  to  the  ordinary,  and 
without  institution  or  induction. 

DONJON,  in  Fortification,  signifies  a strong  slower,  or  re- 
doubt of  a fortress,  whither  the  garrison  may  retreat,  in  case 
of  necessity. 

DONN,  Benjamin,  an  English  mathematician,  lived  at 
Biddeford,  in  Devonshire,  in  1729.  He  kept  a school  in  that 
town  for  some  years,  and,  while  there,  made  a complete  survey 
of  the  county,  for  which  he  received  a premium  of  £100  from 
the  Society  for  promoting  Arts  and  Commerce.  In  1700  he 
was  appointed  master  of  mechanics  to  the  king.  He  died  in 
1798,  leaving  behind  him  the  character  of  an  ingenious  and 
worthy  roan. 

DORIC  Order.  See  Architecture. 

Doric  Mode,  in  Music,  the  first  of  the  authentic  modes  of 
the  ancients  ; its  character  is,  to  bo  severe,  tempered  with  gra- 
vity and  joy. 

DORSIFEROUS  Plants,  among  botanists,  such  as  are  of 
the  capillary  kind,  without  stalks,  and  which  bear  their  seeds 
on  the  backside  of  ihcir  leaves. 

DORSTENIA  Contrayerva,  a genns  of  the  monogynia 
order,  in  the  tetrandria  class  of  plants ; and  in  the  natural 
method  ranking  under  the  53d  order,  scabridje.  There  arc 
eight  species,  all  of  them  low  herbaceous  plants,  growing  in 
the  warm  countries  of  America  and  China.  The  root  is  used 
in  medicine,  under  the  name  of  contrayerva.  It  has  a kind  of 
aromatic  smell,  and  an  astringent,  warm,  bitterish  taste. 

DOUBLE-BANKED,  the  situation  of  the  oars  of  a boat, 
when  two  opposite  ones  are  managed  by  rowers  sented  on  the 
same  bench  or  thwart ; the  oars  arc  also  said  to  be  donble- 
banked  when  there  are  two  men  labouring  upon  each  oar. 

DOUBLE-CAST,  in  Husbandry,  a term  used  by  the  farmers 
for  that  method  of  sowing  that  does  not  dispense  the  necessary 
quantity  of  seeds  for  a piece  of  land  at  one  sowing,  but  requires 
going  over  every  place  twice. 

DOUBLE  PLEA,  in  Law,  is  where  the  defendant  in  a suit 
alleges  two  several  matters  in  bar  of  the  plaintiff's  action,  when 
one  of  them  is  sufficient. 

DOUBLING,  in  the  Military*  art,  is  patting  two  ranks  or 
files  of  soldiers  into  one. 

DOUBLING  a CAPE,  is  to  sail  round  or  pass  beyond  it, 
so  as  that  the  point  of  land  separates  the  ship  from  her  former 
situation,  or  lies  between  her  and  any  distant  observer. 

DOUBLING  UPON,  in  a naval  engagement,  the  act  of 
enclosing  any  part  of  a hostile  fleet  between  two  fires,  or  of 
cannonading  it  on  both  sides.  It  is  usually  performed  by  the 
van  or  rear  of  that  fleet  which  is  superior  in  number,  taking 
the  advantage  of  the  wind,  or  of  its  situation  and  circum- 
stances, and  tacking  or  running  round  the  van  or  rear  of  the 
enemy,  who  will  thereby  be  exposed  to  great  danger,  and  can 
scarcely  avoid  being  thrown  into  a general  confusion. 

DOVE-TAILING,  in  Carpentry,  is  the  fastening  boards 
together  by  letting  one  piece  into  another,  in  the  form  of  the 
toil  of  a dove.  The  (love-tail  is  the  strongest  of  jointings, 
because  the  tenor,  or  piece  of  wood  which  is  pat  into  the  other, 
goes  widening  to  the  extreme,  so  that  it  cannot  be  drawn  out 
again. 

DOWER,  the  portion  which  a widow  bath  of  the  lands  of 
her  husband,  after  his  decease,  for  the  sustenance  of  herself, 
and  the  education  of  her  children. 

Dower,  by  the  Common  Law,  is  a third  part  of  such  lands  or 
tenements  whereof  the  husband  was  sole  seised  in  fee-simple, 
or  fee-tail,  during  the  marriage,  which  the  wife  is  to  enjoy  dur- 
ing her  life  ; for  which  there  lies  a writ  of  dower. 

Dower  by  Custom.  This  kind  of  dower  varies  according  to 
the  custom  and  usage  of  the  place,  and  it  is  to  be  governed 
accordingly  ; and  where  such  custom  prevails,  the  wife  cannot 
wave  the  provision  thereby  mode  for  ber,  and  claim  her  thirds 
at  common  law,  because  all  customs  are  equally  ancient  with 
the  common  law  itself. 

DOWN-HAUL,  a rope  passing  up  along  a slay,  through  the 
cringles  of  the  stay-sails  or  jib,  and  made  fast  to  the  upper 
corner  of  the  sail,  to  pull  it  down  when  shortening  sail. — Down- 


Haul  Tackles,  a complication  of  tackles  employed  to  pull  down 
the  main  or  fore  yard  in  a tempest,  in  order  to  reef  the  sail, 
because  the  violence  of  the  wind  prevents  the  weight  of  the 
yard  from  having  its  natural  cllcct  of  descending. — Down  all 
Chests,  the  mder  given  to  get  all  tho  officers'  and  seamens’ 
chests  down  below  from  off  the  gun-decks,  when  clearing  the 
ship  for  nn  engagement. — Down  all  Hammocks , the  order  for 
the  sailors  to  carry  their  hammocks  down,  and  hang  them  up 
in  their  respective  births  in  readiness  to  go  to  bed. 

DOWNS,  a bank  or  elevation  of  sand,  which  the  sea  gathers 
and  forms  along  its  shores,  and  which  serves  it  as  a barrier. 

Downs,  is  n term  applicable  also  to  vast  tracts  of  naked 
poor  land,  on  which  sheep  are  usually  grazed. 

Downs,  is  particularly  used  for  a famous  road  for  ships 
along  the  eastern  coast  of  Kent,  from  Dover  to  the  North 
Foreland.  This  road  has  excellent  anchorage,  and  is  well 
defended  by  the  castles  of  Sandwich,  Deal,  and  Dover.  The 
English  fleets  usually  meet  here. 

DKABLEK,  an  additional  part  of  a sail,  sometimes  laced  to 
the  bottom  of  a bonnet  on  asquare  sail,  in  sloops  and  schooners. 

DRABL1NG,  in  Angling,  is  a method  of  catching  barbels. 
Take  a strong  line  of  six  yards,  which,  before  you  fasten  to 
jour  rod,  must  be  put  through  a piece  of  lead,  (hat  if  the  fish 
bile  it  may  slip  to  and  fro,  and  that  the  water  may  somewhat 
move  it  on  the  ground  ; bait  with  a lob-worm  well  secured, 
that  by  its  motion  the  barbel  may  be  enticed  without  suspicion. 
The  best  places  are  in  running  waters  near  piles,  or  under 
wooden  bridges,  supported  with  oaks  floated  and  slimy. 

DRABS,  in  Salt-Works,  a kind  of  wooden  boxes  fur  bolding 
the  salt  when  taken  out  of  the  boiling  pan, 

DRACHM,  a Grecian  coin,  of  the  value  of  l\d.  Drachm  is 
also  a weight  containing  sixty  grains,  three  scruples,  or  the 
eighth  part  of  an  ounce. 

DRACO,  the  Dragon , in  Astronomy,  represents,  according 
to  the  fables  of  some  of  the  poets,  the  monster  which  watched 
the  garden  of  Hcsperides  Others  maintain,  that  in  a war  with 
the  giants,  this  dragon  was  opposed  to  Minerva,  who  threw  it 
ronnd  the  axis  of  the  earth,  before  it  had  time  to  unwind  its 
contortions.  Whoever  attends  to  the  situation  of  Draco,  sur- 
rounding the  Pole  of  the  Ecliptic,  will  perceive  (hat  its  tortuous 
folds  arc  symbolical  of  the  oblique  course  of  the  stars.  Draco 
also  winds  arouud  the  Pole  of  the  world,  as  if  to  indicate,  in 
the  symbolical  language  of  Egyptian  astronomy,  the  motion  of 
the  Pole  of  the  Equator  around  the  Pole  of  the  Ecliptic,  agree- 
ably to  the  precession  of  the  equinoxes  and  the  moveable 
zodiac  of  the  stars.  The  Egyptian  hieroglyphic  that  represented 
the  heavens  was  a serpent,  whose  scales  denoted  the  stars ; 
and  Draco  was  the  Polar  Constellation,  when  Chaldea  became 
the  cradle  of  astronomy.  The  Greeks  therefore  did  not  invent 
this  constellation. 

Boundaries  and  Contents.-—  North  by  Cvnosara  and  Cepheus, 
west  by  Cygnos  and  Lyra,  sooth  by  (Hercules,  and  east  by 
Ursa  Major.  There  are  80  stars  in  this  constellation,  viz.  four 
of  the  2d  magnitude,  seven  of  the  3d  magnitude,  and  ten  of  the 
4th,  8tc.  a,  situated  between  y in  the  head  of  Draco  and  a in 
Ursa  Major,  is  perhaps  the  most  brilliant  star  in  this  constella- 
tion. 4020  years  ago,  a in  Draco  was  the  Polar  Star,  a hav- 
ing 200°  40*  right  ascension,  and  05°  14'  20*  north  declina- 

tion, culminates  at  London,  agreeably  to  the  following  table  : 
Meridian  Altitude  70°  80*  40*  north. 


Hosts. 

Culm. 

bo.  mi. 

Morth. 

Culm. 
bo.  mu 

Month. 

Coin. 

bo.  mi. 

J«n. 

7 15  M. 

M*y 

11  55  A. 

Sept, 

3 25  A. 

Feb. 

5 0 M. 

Jun« 

0 30  A. 

Oct. 

1 35  A. 

Much 

5 15  M. 

July 

7 30  A. 

Not. 

II  40  M. 

April 

1 20  M 

An*. 

5 30  A. 

Deo. 

9 31)  31. 

Draco,  the  Dragon,  in  Zoology,  a genus  belonging  to  tho 
order  of  amphibia  reptilia.  I.  The  votans,  or  dying  dragon, 
with  the  wings  entirely  distant  from  the  forelegs.  It  is  found 
in  Africa  and  the  East  Indies.  The  pnepos,  with  the  w ings 
fixed  to  the  forelegs.  It  is  a native  of  America.  They  are 
harmless  creatures,  and  feed  upon  flics,  ants,  and  small  inserts. 

Draco  VolanS,  in  Meteorology,  a fiery  exhalation,  fre- 
quent in  marshy  and  cold  countries.  It  is  most  common  in 
summer,  and  though  principally  seen  playing  near  the  hanks  of 
rivers,  or  in  boggy  places,  yet  sometimes  it  mounts  to  a con- 
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siderable  height  in  the  air,  to  the  no  small  terror  of  the  amazed  sand,  without  any  stratum  of  day  to  force  it  upwards,  as  is  tho 
beholders;  its  appearance  being  that  of  an  oblong,  or  roundish,  case  in  the  deserts  of  Arabia;  neither  are  we  to  expect  an 
fiery  body,  with  a long  tail,  but  it  does  no  injury.  abundant  spring  in  any  soil  that  consists  of  a uniform  bed  of 

DRACUNCULI,  in  Medicine,  small  long  worms,  which  day  from  the  surface  to  a great  depth,  for  it  mast  always  be  in 
breed  in  the  muscular  parts  of  the  anus  and  legs,  called  some  poroas  stratum  that  the  water  flows  In  abundance ; and  it 
Guinea-worms,  being  common  among  the  natives  of  Guinea,  can  be  made  to  flow  horizontally  in  that  only  when  it  is  sup- 
The  worm  is  white,  round,  and  uniform,  resembling  white  ported  by  a stratum  of  clay,  or  other  substance  that  is  equally 
round  tape.  It  is  lodged  between  the  interstices  and  mem*  impermeable  by  water.  Hcncc  the  rationale  of  that  rule  so 
hranrs  of  the  muscles,  where  it  insinuates  itself,  sometimes  universally  established  in  digging  for  wells,  that  if  you  begin 
exceeding  five  ells  in  length.  It  occasions  no  great  pain  at  the  I with  sand  or  gravel,  kc.  you  can  seldom  hope  to  find  water  till 
beginning;  but  at  such  times  as  it  is  ready  to  exit,  tho  part  you  come  to  clay  ; and  if  you  begin  with  clay,  you  can  hope  for 
adjoining  to  the  extremity  of  the  worm,  where  it  attempts  its  nooe  in  abundance  till  you  reach  to  sand,  gravel,  or  rock.  It 
exclusion,  begins  to  swell,  throb,  and  be  inflamed;  this  gene-  is  necessary  that  the  farmer  should  attend  to  this  process  of 
rally  happens  about  the  ancle,  leg.  or  thigh,  and  rarely  higher,  nature  with  care,  in  his  practice  of  draining  bogs,  and  every 
The  countries  where  this  distemper  is  observed  are  hot  and  species  of  damp  and  spouting  ground. 

sultry,  liable  to  great  droughts,  and  the  inhabitants  make  ose  DRAMA,  a Poem  in  which  the  action  is  represented.  To 
of  stagnating  and  corrupted  water,  in  which  it  is  very  probable  the  Greeks  wc  owe  the  invention  of  both  forms  of  dramatic 
that  the  ova  of  these  animalcule  may  be  contained;  for  the  composition,  tragedy  and  comedy.  These  exhibitions  were 
while  people  who  drink  this  water  are  obnoxious  to  the  disease  extremely  simple.  The  action  was  continued  from  beginning 
as  well  as  the  negroes.  to  end,  without  pauses  or  intervals;  there  was  no  change  of 

DRAG,  a machine  consisting  of  a sharp  square  frame  of  iron  scene;  and  the  attention  of  the  spectators  was  continually 
encircled  with  a net,  and  commonly  used  to  rake  the  mud  off  occupied  by  the  actois.  The  modern  stage  gives  wider  scope 
from  the  platform  or  bottom  of  the  docks,  or  to  clean  rivers.  to  the  imagination,  and  renders  the  strict  observance  of  the 
DRAGGING  thr  Anchor,  the  act  of  trailing  it  along  the  unities  less  necessary.  The  introduction  of  pauses  by  the 

bottom,  after  it  is  loosened  from  the  ground  by  the  effort  of  the  division  of  acts  justifies  a change  of  scene,  and  also  allows  a 

wind  or  current.  longer  extension  or  time,  without  any  violation  of  probability. 

DRAGON'S  Head  and  Tail,  are  the  nodes  of  the  planets.  Thus  n greater  range  of  subjects  for  dramatic  representation  is 
but  more  particularly  of  the  moon,  being  the  points  in  which  provided,  while  at  the  same  time,  as  the  obstructions  of  art  aro 
the  ecliptic  is  intersected  by  her  orbit,  in  the  angle  of  abuut  removed,  the  mirror,  if  wc  may  so  express  ourselves,  becomes 
6°  lb'.  One  of  these  points  is  to  the  northward,  the  moon  more  true  to  ualure.  The  poet  may  so  construct  his  drama  as 
beginning  then  to  have  north  latitude ; and  the  other  southw  ard,  to  lead  the  imagination  of  his  audience  along  with  him,  and 

where  she  commences  south  latitude ; the  former  point  being  thus  may  pass  in  review  the  striking  events, 

represented  by  the  knot  for  the  head,  and  the  other  by  (he  DRAPERY,  in  Sculpture  and  Painting,  signifies  the  repre- 
same reversed,  or  for  the  tail.  And  near  these  points  it  is,  sentation  of  tho  clothing  of  human  figures,  aud  also  hangings, 
that  all  eclipses  of  the  sun  and  moon  happen.  tapestry,  and  curtains. 

Dragon's  Blood,  a gummy  resinous  substance,  which  is  DRASTIC,  in  Physic,  a term  applied  to  medicines  which  are 
brought  from  the  Hast  Indies.  It  is  said  to  be  obtained  from  potent  in  their  operation,  particularly  cathartics, 
the  palmajuucus  draco,  the  calamus  rotang.  the  dracena  draco,  DRAUGHT,  in  Trade,  called  also  Cloffi  or  f'/nyi,  is  a small 
the  pterocarpus  draco,  and  other  vegetables.  In  the  present  allowance  on  weigbable  goods,  made  by  the  king  to  the  im- 
practice  of  medicine,  it  is  very  little.  If  at  all.  used,  cither  porler,  or  by  the  seller  to  the  buyer,  that  the  weight  may  hold 
externally  or  internally.  A solution  of  dragon's  blood  in  spirit  out  when  the  goods  are  weighed  again.  The  king  allows  I lb. 
of  wine,  is  used  for  staining  marble,  to  which  it  gives  a red  draught  for  goods  weighing  no  less  than  I cwt. ; ‘2  1b.  for  goods 
tinge.  weighing  between  1 and  2 cwt. ; 3 lb.  for  goods  weighing 

Dragon  Shell,  in  Natural  History,  a name  given  by  people  between  2 and  3 cwt ; Alb.  from  3 to  10  cwt.;  7 lb.  from  10 

curious  in  shells  to  a species  of  concamerated  patella  or  lim-  to  13  cwt. ; 9 lb.  from  13  to  30  cwt.  or  upwards, 
pet  This  has  a top  very  much  bent,  aud  is  of  an  ash-colour  on  DhaI'UHT,  the  depth  of  a body  of  water  necessary  to  float  a 
the  outside,  but  of  an  elegant  and  bright  flesh-colour  within,  ship  ; hence  a ship  is  said  to  draw  so  many  feet  of  water,  when 
It  has  been  found  sticking  on  the  back  of  a tortoise,  as  the  she  is  borne  up  by  a column  of  water  of  that  particular  depth 
common  limpets  do  on  the  sides  of  rocks,  and  some  have  been  for  instance,  if  it  requires  a body  of  water  whose  depth  is  equal 
affixed  to  hirze  shells  of  the  pinna  marina.  to  12  feet,  to  float  or  buoy  up  a ship  on  its  surface,  she  is 

DRAGOON,  in  Military  affairs,  a musketeer  mounted  on  said  to  draw  12  feet  water;  and  that  this  draught  may  bo 
horseback,  who  sometimes  fights  or  marches  on  foot,  as  occa-  more  readily  known,  the  feet  arc  marked  on  the  stem  and 
aion  requires.  stern  post  from  the  keel  npwards. 

DRAINING,  the  art  of  clearing  wet  and  boggy  lands  of  their  DRAUGHT-HOOKS,  arc  largo  hooks  of  iron  fixed  on  the 
superfluous  moisture.  Land  becomes  chnrgcd  with  moisture  checks  of  a gun-carriage,  two  on  each  side,  one  near  the  trun- 
from  two  causes: — 1.  From  water  collected  in  the  higher  nion-hole,  and  the  other  at  the  train,  for  the  convenience  of 
grounds,  and  filtering  among  the  different  beds  of  gravel  aud  drawing  it  backwards  or  forwards. 

other  porous  materials,  forming  springs  below,  and  flowing  DRAWBACK,  in  Commerce,  an  allowance  made  to  mer- 
over  the  surface,  or  stagnating  underneath  it.  2.  From  rain  or  chants  on  the  re-exportation  of  certain  goods,  which  in  some 
water  lodging  and  becoming  stagnant  on  the  surface,  from  the  cases  consists  of  the  whole,  in  others  of  a part  of  the  daties 
clayey  or  impervious  nature  of  the  soil,  or  superior  stratum,  which  had  been  paid  upon  the  importation.  A still  more 
The  first  of  these  causes  bogs,  swamps,  aud  morasses,  and  is  equitable  arrangement  than  that  of  drawbacks,  is,  to  allow  the 

the  most  difficult  to  be  remedied.  merchant  who  imports  any  commodity  which  he  may  probably 

Springs  arc  formed  in  the  bowels  of  tho  earth,  by  water  wish  to  export  again,  to  deposit  it  in  the  king's  warehouses, 
percolating  through  strata  of  a porous  texture,  and  it  continues  giving  a bond  for  the  payment  of  the  dulies,  should  he  dispose 
to  descend  till  it  meets  with  a stratum  of  clay  that  intercepts  of  it  for  homo  consumption.  This  is  called  bonding,  and  is 
it  in  its  course,  w here,  being  collected  in  large  quantities.  It  is  allowed  to  a considerable  extent. 

forced  to  seek  a passage  through  the  strata  of  sand,  gravel,  or  DRAWBRIDGE,  a bridge  made  after  the  manner  of  a door, 
rock,  that  may  be  above  the  clay,  following  the  course  of  them  to  draw  up,  or  let  down,  as  occasion  serves,  before  the  gate  of 
till  they  approach  the  surface  of  the  earth,  or  are  interrupted  a town  or  castle.  See  Bridge. 

by  any  obstacle  which  occasions  the  water  to  rise,  thus  forming  DRAWING,  may  properly  be  defined  the  art  of  giving  a 
springs,  bogs,  See.  which  being  variously  diversified,  in  different  correct  outline  of  any  or  every  subject  which  has  existence  in 
circomstaoccs,  produce  that  variety  of  appearances  iu  this  nature;  and  it  is  by  far,  very  far,  the  most  difficult  part  in  the 
respect  that  we  often  meet  with.  This  being  the  case,  wc  may  formation  of  a picture.  A correct  outline  will,  without  the 
naturally  conclude,  that  an  abundant  spring  need  never  be  assistance  of  any  kind  of  shade  or  colour,  convey  to  our  minds 
expected  in  any  country  that  is  covered  to  a great  depth  with  the  most  accurate  idea  not  only  of  a single  subject,  but  of  many 
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various  objects  assembled  together,  so  that  we  shall  be  ablo  to 
say,  this  is  a correct  likeness  or  resemblance  of  objects  familiar 
to  us,  or  of  others  which  the  mind's  perception  can  embrace  of 
objects  which  have  never  previously  passed  before  its  view, 
but  which,  from  association,  it  can  embody,  fancy,  or  imagine 
as  existing. 

The  precise  Unit*  when  this  elegant  art  was  first  practised, 
cannot  now  be  ascertained.  That  the  earliest  inhabitants  of 
Egypt  surpassed  at  one  period  all  other  nations  in  works  of 
art,  as  well  as  in  literary  pursuits,  no  one  can  doubt  that  has 
dwelt  upon  the  historic  page.  The  remains  of  celestial  Thebes, 
with  her  IllOO  gales,  and  the  paintings  still  in  existence  upon 
some  of  the  walls  of  these  gigantic  monuments  of  the  genius  of 
former  ages,  are  a convincing  proof,  that  the  Egyptians  excelled 
the  moderns  in  the  art  of  fixing  colours.  While  the  paintings 
of  more  modern  artists  fade  in  a few  years,  and  assume  the 
sickly  hue  of  age,  theirs  retain  the  glow  and  brilliancy  of  youth 
through  the  course  of  ages,  liut  their  finest  specimens  of 
drawing  fall  far  short  of  the  beauty  and  correctness  of  design 
of  their  successors  and  their  rivals.  The  Egyptian  outlines 
were,  generally  speaking,  (though  there  arc  some  exceptions, 
no  doubt,)  uncouth,  preposterous,  and  unnatural : their  sculp* 
lure  also  partook  of  these  defects  in  the  greatest  possible 
degree;  and  while  we  gaze  with  almost  speechless  amazement 
at  their  stupendous  architecture,  and  their  ornamental  statuary 
which  adorns  it — while  wc  look  with  astonishment  at  the  bril- 
liancy of  their  coloured  paintings,  which  remain  uofaded  to  the 
present  day,  wc  look  in  vain  for  that  fair  proportion,  beauty  of 
design,  and  accurate  skill,  which  characterize  the  less  stupen- 
dous w orks  of  later  artists. 

Greece,  immortal  Greece,  presents  us  with  many  remains  of 
perfection  in  sculpture,  but  her  paintings  and  her  drawings  have 
sunk  into  that  gulf  which  alike  consumes  the  works  of  the 
learner  and  the  proficient.  That  the  ancient  Greeks  excelled 
in  painting,  as  well  as  sculpture,  many  are  the  records;  but  no 
trace  is  left  of  the  works  of  Phidias,  and,  no  doubt,  of  many  other 
celebrated  painters,  whose  works  were  cherished  and  highly 
prized  by  their  admiring  citizens.  Fancy,  or  imagination,  has 
given  the  merit  of  drawing  to  a Grecian  lover,  sitting  by  his  mis- 
tress, who  is  supposed  to  have  seised  the  idea  of  retaining  her 
resemblance  by  tracing  her  likeness  on  a wall  upon  which  her 
shadow  fell.  Enchanted  with  the  thoughts  of  possessing  that 
which  would  be  to  him  an  inexhaustible  fund  uf  happiness  and 
pleasure,  he  carefully  sketched  the  outline  of  that  face  he  so 
much  admired,  and  from  that  time  forward  practised  the  art 
of  drawing  with  great  success,  opening  to  his  highly- -gifted 
mental  country  men  a source  of  perpetual  pleasure,  arid  leading 
eventually  to  the  cultivation  of  the  more  sublime  art  of  Sculp- 
ture. Its  origin  is  of  little  importance  ; our  present  duty  is  to 
give  those  instructions,  or  gcocral  rules,  to  those  who  wish  to 
make  it  either  a study  or  an  amusement. 

The  first  class  of  drawing  is  undoubtedly  that  of  the  human 
figure,  the  most  difficult  to  excel  in,  and  when  done  well,  by 
far  the  most  beautiful. 

Landscape  is  the  next  class,  and  this  should  include  all  sub- 
jects of  natural  history,  according  to  the  peculiar  character  of 
the  country  or  scene  depicted.  Birds,  Beasts,  Fishes,  Insects, 
Reptiles,  and  Flowers, present,  however,  individual  subjects  of 
study  to  attain  perfection,  which  requires  both  time,  labour, 
and  experience. 

In  the  theory  of  all  these  different  minor  objects,  trivial  os 
they  may  appear,  a knowledge  of  Perspective  is  necessary. 
Even  the  wings  of  a butterfly  when  flying,  and  the  feet  of  a 
caterpillar  when  crawling.  must  be  placed  in  a perspective 
view,  for  the  insect  either  to  fly  or  walk  properly.  This  kind 
of  perspective  is  not,  perhaps,  to  be  acquired  so  much  by  rule 
as  by  eye, — but  there  are  certain  rules  which  may  be  pointed  out 
even  for  these,  ns  necessary  to  give  them  an  appearance  of 
nature.  Take  the  wings  of  a butterfly,  which  close  perpendi- 
cularly, for  instance,  when  the  insect  is  in  a quiescent  slate. 
If  the  two  hack  wings  were  not  drawn  a little  lower  than  those 
which  aic  nearest  to  the  spectator,  the  insect  would  strike 
every  cj c as  possessing  something  unnatural  in  its  construc- 
tion, though  the  person  who  censured  the  performance  might 
not  be  able  to  point  out  the  defect  which  be  blamed. 

A correct  outline  will  portray  a countenance  so  accurately, 
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that  the  likeness  may  L©  recognized  by  all  who  know  the  party 
represented.  Of  how  much  importance  is  it  then  to  those 
who  wish  to  excel  in  this  delightful  art,  that  they  should  devote 
their  principal  attention  to  drawing;  and  first  of  all  wc  wish 
to  assist  the  student,  by  lay  ing  before  his  observation  those  rules 
and  proportions  which  time  and  experience  have  pronounced 
infallible,  as  guides  to  excellence  in  this  enchanting  art. 

The  Proportions  of  the  Human  Figure. — The  head  and  face 
form  the  scale  by  which  the  6gure  is  measured.  A man’s  height 
is  composed  of  seven  heads  and  a half,  and  his  arms,  when 
extended,  shonld  measure  the  same  length  from  one  middle 
finger  to  the  other.  The  head  shonld  be  of  an  egg-shaped  form, 
rather  than  an  oval,  as  shewn  in  the  Plate,  Drawing,  fig.  0,  No.  1 
ami  2.  This  is  to  be  divided  into  four  equal  parts,  tho  eyes 
falling  upon  the  middle  line,  No.  1,  which  divides  it  into  the  half. 
See  figs.  2 and  3,  which  will  together  give  the  proportions  of 
every  part  of  the  body  ; but  it  is  necessary  to  observe,  that  in  all 
these  proportions  some  respect  must  be  paid  to  the  characters  of 
the  figures  drawn,  and  that  there  is  a difference  in  the  propor- 
tions of  a man  and  a woman,  must  be  evident  to  every  casual 
observer ; and  in  order  the  better  to  give  the  learner  a correct 
idea  upon  tho  subject,  we  shall  subjoin  a table  of  the  propor- 
tions of  the  Apollo  Pytbiufl  and  the  Venus  Aphrodites. 

Length  of  the  Head  and  Trunk  of  the  Body. 

APoi.IjO.  VENUS, 
II*.  Pu.  Mio.  Mi.  Pt«.  Mu. 

From  the  top  of  the  head  to  the  bottom  of 


the  chin  4 parts,  or................  1 0 0 1 0 0 

H the  bottom  of  the  chin  to  the  top  of  the 

sternum  or  breast-bone 0 17  0 18 

,,  the  top  of  the  sternum  to  the  pit  of  the 

stomach 0 3 10  0 3 6 

„ the  pit  of  the  stomach  to  the  navel ....  0 2 10  0 2 7 

„ the  navel  to  tho  pubis  0 3 C 0 3 9 


Length  of  the  head  and  trank  of  the  body  3 3 9 3 3 6 

Length  of  the  Lower  Extremities. 

From  tho  pubis  to  the  small  of  the  thigh 

above  the  patella  or  knee-pan......  12  6 12  3 

„ the  small  of  the  thigh  to  the  joint  or 

middle  of  the  knee 0 19  0 10 

„ the  joint  of  the  knee  to  the  small  of 

the  leg  above  the  ancle 119  12  0 

„ the  lop  to  the  bottom  of  the  ancle 0 1 0 0 i 0 

„ the  bottom  of  tbe  ancle  to  the  bottom 

of  the  heel 0 0 9 0 0 9 


Length  of  the  lower  extremities 3 3 9 3 3 6 

Length  of  the  head  and  trunk  as  above.  .3  3 9 3 3 6 


Total  length  of  tlie  figures 7 3 6 7 3 0 

Length  of  the  Fore  Arm , or  Upper  Extremities. 

From  the  top  of  the  shoulder  to  the  elbow  12  3 12  3 

„ the  elbow  to  the  hand 1 1 2 1 0 6 

„ the  joint  of  the  hand  to  the  root  of  the 

middle  finger 0 18  0 16 

,,  the  root  to  tho  tip  of  the  middlo  finger  O I 10  0 17 


Length  of  the  upper  extremities 3 2 11 

Breadth  between  tho  outward  angles  of 

the  eyes 0 1 6 

„ of  the  face  at  the  temples  .3  2 2 

„ of  tbe  upper  part  of  the  neck 0 2 0 

„ over  the  shoulders 0 0 0 

„ of  the  body  below  the  armpits  .....  1 2 6 

,,  between  the  nipples 0 0 7 

„ from  the  bottom  of  the  chin  to  the 

horizontal  line  of  the  nipples 1 0 7 

„ of  the  body  at  the  small  of  tbo  waist  1 I 0 

„ over  the  loins,  or  os  ilium  113 

„ over  the  haunches,  or  tops  of  the 

thigh  bones... 116 

„ of  the  thigh  at  the  top 0 3 0 

„ of  the  (high  below  the  middle 0 2 8J 

„ of  the  thigh  above  the  knee 0 I 8 

3 Q 


3 1 10 


0 1 7 
0 2 2 

0 1 II 

1 3 8 

I I 8 

0 3 8 

1 0 | 
1 0 8 
1 1 6 

1 2 3 

0 3 1 
0 2 7 
0 2 0 
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apollo.  vekus.  I The  figure  of  a child  lias  l»een  divided  i»r  artist*  into  foot. 


lW.Ft».Mn.  IW  Pu.  Mia. 


Breadth  of  the  leg  below  the  knee 0 1 0 0 110 

„ at  the  calf  of  the  leg  0 2 4 0 2 3 

, below  the  calf 0 1 7 0 1 11) 

„ above  the  ancle. 0 12  0 12 

„ of  the  ancle.. 0 14  0 13 

,,  below  the  ancle. 0 1 1)  0 1 1 

M middle  of  the  foot 0 1 4 0 I 3 

„ at  the  roots  of  the  Ives 0 1 7 0 1 7 

M of  the  arm  over  the  biceps  muscle. . 0 16  0 10 

,,  of  the  arm  over  the  elbow 0 16  0 1” 

,,  of  the  arm  below  Iho  elbow  over  the 

long  supinator 0 1 10  0 1 7 

M of  the  wrist 0 11  0 10 

„ of  the  hand  over  the  first  joint  of  the 

thumb 0 19  0 16 

„ of  the  hands  over  the  roots  of  the 

fingers 0 17  0 16 

„ over  the  heads  of  the  scapulm  or 

shoulder  blades 1 2 0 1 1 4 

Length  of  both  arms  and  hands,  each  of 
the  Apollo's  being  3 h.  2p.  1 1 m.  and  the 
Venus  3 h lp.  5m 7 1 10  6 2 10 

Breadth  between  the  tips  of  the  middle 
fingers  of  each  hand  when  the  arms  are 
stretched  out  horizontally 8 3 10  8 0 2 

Side  View. 

Length  from  the  top  of  the  bead  to  the 

shoulder 1 1 8 1 1 6 

„ From  the  top  of  the  shoulder  to  the 

loins  above  the  hip 1 3 8 1 1 7 

„ from  the  loins  to  the  lower  part  of 

the  hip I 0 2 1 2 1 

„ from  the  hip  to  the  side  of  the  knee, 

opposite  to  the  top  of  the  patilla. . 12  0 1 0 11 

from  the  side  of  the  knee  to  the  bot- 
tom of  the  heel..... 2 0 6 2 0 11 

Length  of  the  fignres 7 3 G 7 3 0 

Thickness  from  the  fore  to  the  back  part 

of  the  skull 0 3 6 0 3 4 

„ from  the  rising  of  the  nose  to  the  tip 

of  the  ear 0 1 0)  0 1 6 

„ from  the  upper  part  of  the  neck.. ..  0 2 0 0 1 11 

„ from  the  breast  to  the  back  over  tho 

nipples 10  6 10  6 

„ from  the  belly  to  the  small  of  the  back  0 3 6 0 3 7 

„ from  the  belly  above  the  navel  to  the 

back  of  the  loins 0 3 9 1 0 2 

„ from  the  bottom  of  the  belly  to  the 

round  of  tbe  hip  ^ 10  0 10  5 

ip  from  the  fore  part  of  the  thigh  to  the 

bottom  of  the  hip 1 3 2 0 3 7 

,i  of  the  thigh,  at  the  middlo 0 3 3 0 3 6) 

pi  of  the  thigh  above  the  knee 0 2 1 0 2 3 

,t  at  the  middle  of  the  knee  below  the 

patella 0 2 1 0 2 2 

„ of  the  leg  below  the  knee 0 19  0 1 11 

„ of  the  leg  at  the  calf 0 1 8 0 1 9 

i,  of  the  leg  at  the  ancle 0 1 6)  0 1 4 

of  the  foot  at  the  thickest  part 0 0 0 0 0 3 

pi  length  of  the  foot 1 0 6 1 0 4) 

„ from  the  fore  part  of  the  bend  of  the 
toot  to  the  lower  and  back  part  of 

the  bcel 0 0 O 0 2 2 

pi  of  the  ami  over  the  biceps 0 2 0 O 1 9 

,i  over  the  elbow 0 16  0 16 

,p  below  the  elbow 0 16  0 17 

p,  at  the  wrist Oil  0 0 II 

.i  below  the  joint  of  the  wrist 0 1 6 0 0 10 

p,  of  the  hand  at  the  roots  of  tho  fingers  O 0 6$  0 0 6 

w at  the  roots  of  the  nails. 0 0 3)  0 0 3 


five,  or  six  parts,  the  head  forming  one.  In  drawing  the  head 
of  a child,  two  circles  are  formed,  a larger  and  a smaller  one, 
as  in  fig.  7;  when  the  head  looks  up,  the  lower  circle  grows 
longer,  as  in  fig.  6;  when  it  looks  down,  it  recedes,  and  there- 
fore must  necessarily  diminish,  as  in  fig.  4.  But  these  propor- 
tions being  given,  some  few  observations  still  remain  to  bo 
made.  In  figures  which  exhibit  great  strength  and  gigantic 
form,  as  the  Famesian  Hercules  for  instance,  the  proportions 
are  not  always  exact.  The  length  of  the  foot  of  fignres  in 
general,  is  given  as  one-sixth  of  the  figure  ; but  in  the  Hercules 
it  is  rather  more, — as  in  the  Venus  it  is  rather  less.  But  here 
judgment  must  be  called  in  to  aid  the  practitioner,  as  in  many 
other  respects  it  must  constitute  one  of  the  chief  assistants 
towards  perfection. 

Tin'  head  of  the  human  figure  is  the  most  expressive  part  of 
it.  livery  other  member  may  indicate  some  one  passion, — the 
head  expresses  them  all.  Next  to  the  bead,  the  hands  are  the 
most  eloquent  members,  and  they  give  double  effect  to  the  mean- 
ing of  the  countenance,  ns  few  examples  will  convince  us,  that 
they  all  but  speak.  The  hands  clasped,  the  head  inclining  upward, 
this  attitude, whether  the  subject  be  standing,  knrcling.  or  sitting, 
instantly  conveys  to  our  mind  supplication.  The  bands  crossed 
upon  the  breast,  with  the  same  ele  vation  of  the  head,  denote  w rapt 
devotion  ; the  bands  clasped  upon  the  breasi,  and  the  bead 
declining,  denote  pious  resignation  and  submission.  With  the 
hands,  in  fact,  we  pray,  beseech,  reject,  invite,  dismiss,  ini* 
lore,  approve,  condemn,  &c. ; but  the  varying  passions  of  tho 
umon  face,  the  rapid  workings  of  the  soul,  the  tumultuous 
feelings  of  joy,  love,  anger,  contempt,  bate,  disdain  ; the  more 
compound  feelings  of  jealousy,  revenge,  Ac.  these  can  only  be 
portrayed  by  the  face.  Art  may  happily  catch  some  of  these 
feelings,  varying  expressions,  but  she  can  express  but  one 
passion  at  the  same  moment.  Hence  the  painter  who  found  it 
impossible  to  depict  the  workings  of  a father’s  heart,  when 
Agamemnon  stood  by  the  altar  at  the  sacrifice  of  Ipbigrnia. 
covered  the  royal  mourner's  face  with  his  robe.  The  picture  of 
the  two  misers,  painted  by  the  blacksmith  of  Antwerp,  has 
most  happily  succeeded  in  expressing  anxiety  and  joy  at  the 
same  time  in  the  face  of  the  figure  which  is  looking  at  tho 
spectator.  There  is  a scintillation  in  the  eyes  which  bespeaks 
lus  joy  and  delight  at  the  riches  before  him.  but  liis  countenance 
is  nevertheless  wonderfully  expressive  of  his  miserly  anxiety. 

Le  Brun  has  endeavonred  to  give  designs  of  all  the  passions 
bnt  many  of  his  heads  upon  this  subject  appear  to  be  carica 
lures ; at  any  rate,  the  total  distortion,  and  forced  violence, 
which  every  feature  betrays  in  the  heads  designed  to  represent 
jealousy,  hate,  horror,  and  many  others,  are  undoubtedly  quite 
overdrawn.  That  the  same  face  will  be  hardly  recognized 
when  tranquil,  to  be  the  same  when  under  the  workings  of 
violent  passion,  cannot  be  denied  ; but  that  he  has  greatly  out- 
stepped nature  in  the  transformation  the  passions  make  in  the 
* human  face  divine,'  is  equally  not  to  be  denied.  Yet  it  is  not 
our  intention  to  depreciate  the  abilities  of  Monsieur  Lc  Brun, 
but  merely  to  refer  the  student  to  tbc  study  of  nature,  in  pre- 
ference to  tbc  models  he  has  left  of  the  passions.  In  exhibiting 
the  passions,  it  is  also  necessary  that  the  whole  body  should 
bear  somewhat  of  the  same  character.  How  ridiculous  would 
it  be  to  place  a head  portraying  rage,  upon  a body  in  a quies- 
cent state.  Besides  which,  rage  may  be  displayed  in  more 
ways  than  one.  Tbc  man  of  ungoverned  temper  throws  himself 
into  a thousand  extravagant  attitudes,  extends  his  arms, 
makes  rapid  strides  towards  the  object  of  bis  anger,  Ids  face 
reddens,  &c.  But  the  man  in  whom  rage  may  be  equally 
powerful,  bat  who  at  the  same  time  has  acquired  some  degree 
of  self-command,  becomes  pale,  his  countenance  works,  but  his 
motions  are  rather  restrained  than  violent : if  he  walks  his  step 
is  firm,  and  his  attitades  more  terror-striking  to  the  mind  than 
those  of  the  former,  who  excites  fear  for  our  immediate  personal 
safety  only.  Again,  the  position  of  a man  under  the  effect  ol 
terror  and  affright,  may  be  depicted  in  more  ways  than  one. 
Sometimes  fear  deprives  a man  of  the  power  of  motion  ; some- 
times he  is  urged  to  precipitate  (light,  and  sometimes  he  falls 
prostrate  to  the  ground.  The  expression  of  fear,  as  depicted 
in  the  rwwntraanrr,  should  agree  with  each  of  these  attitudes. 
There  should,  in  fact,  be  a unison  in  the  whole  figure;  all 
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should  be  harmony:  and  a*  we  are  surrounded  by  human 
nature,  actuated  by  all  their  passions,  we  have  now  only  to 
become  elose  observers  of  what  passes  around  us.  to  acquire  a 
knowledge  of  which  is  indispensable  towards  the  attainment  of 
that  excellence  which  every  artist  should  aspire  to,  and  which 
the  labours  of  the  most  aged  artists  still  find  evading  their 
grasp,  in  someone  shape  or  another.  But  this  should  act  as  a 
spur  to  the  youthful  student,  rather  than  a curb. 

Grace  is  another  point  of  material  and  essential  consequence 
for  a beautiful  outline ; but  here  again  judgment  must  be  called 
to  our  aid,  for  that  which  would  constitute  grace  in  a Venus, 
would  be  any  thing  but  grace  if  given  to  Minerva.  The  atti- 
tude of  a judge,  an  orator,  may  be  graceful,  but  it  would  be 
folly  to  think  for  an  instant  that  their  attitude  should  resemble 
that  of  a young  Esquimaux  Indian.*  Iu  the  former,  animated 
dignity  would  constitute  grace. — in  the  latter,  rouudoess  of 
limb,  muscular  strength,  and  a light  yet  firm  altitude,  agreeably 
to  the  pursuit  he  was  following,  whether  running,  standing,  &c. 
would  constitute  grace.  That  grace  of  motion  has  always 
been  considered  as  one  of  the  leading  characteristics  in  female 
beauty,  we  have  the  sanction  of  the  sweet  Mantuan  poet:  iu 
the  6G0th  line  of  the  first  book  of  the  vEneis,  be  says  — 

*'  And  by  ltnr  grateful  ttaft , tha  qaecn  of  love  U known.'* 

Beauty  has  been  considered  merely  ideal.  That  it  is  so  partly, 
is  true;  since  the  Negro  and  the  Chinese  differ  as  much  in 
their  ideas  upon  this  subject,  as  they  do  with  the  Europeans, 
and  other  Asiatics.  Yet  we  arc  not  disposed  to  dispute  with 
either  of  these  nations  the  palm  of  female  beauty  ; the  small 
dark  eyes  of  the  one,  and  their  fair  skin  and  crippled  feet,  or 
the  flat  nose  and  prominent  lips  of  the  other,  have  no  attrac- 
tions for  us.  Every  nation  has  a peculiar  cast  of  countenance, 
and  the  most  beautiful  of  the  cast  forms  tho  standard  national 
idea  of  beauty.  II  it  were  possible  to  place  a beautiful  woman 
from  Italy,  Spain,  France,  Germany,  England,  Holland,  Cir- 
cassia, Georgia,  &c.  aide  by  side,  we  should  be  amused  and 
enchanted  beyond  measure,  for  they  would  all  possess  a 
different  style  of  beauty,  yet  each  would  still  be  biaulifkl.  The 
artist,  therefore,  who  intends  to  excel  in  historic  painting, 
should  be  conversant  with  all  these.  How  much  the  ideas  of 
the  ancients  varied  respecting  beauty,  may  be  seen  from  con- 
sulting their  works,  which  still  remain  to  us.  The  Venus  dc 
Medicis,  Niohc,  Ariadne,  and  the  Anlindus,  are  matchless 
examples  of  beauty  ; yet  how  different  are  they  ! The  Apollo 
dc  Belvidere  is  majesty  personified  ; and  who  could  look  at  the 
head  only  of  the  Farnesian  Hercules,  and  not  recognize  strength 
as  the  leading  feature  of  the  whole  statue? 

Costume,  too,  shoul^  occupy  his  attention— every  part  of  his 
picture  should  harmonize.  Even  when  designing  stories  from 
ancient  times,  the  costume  and  manners  of  those  times  should 
be  attended  to;  for  if  the  sabject  is  worth  painting,  it  is  surely 
worth  painting  well  and  accurately.  Nothing  should  he  con- 
sidered unimportant  which  can  illustrate  the  subject  intended 
to  be  represented.  It  is  not  necessary  for  this  purpose  to 
crowd  the  design  with  a multitude  of  inferior  objects  or 
ornaments ; but  when  such  things  are  introduced,  they  should  be 
in  character.  Simplicity  of  style  partakes  often  of  the  sublime. 
To  paint  Cato  in  tinselled  robes  and  gewgaws  would  be  indeed 
absurd,  yet  there  are  subjects  in  which  it  would  be  equally 
absurd  to  omit  them. 

The  intended  artist  must  be  aware,  that  before  he  can  draw 
a whole  figure,  he  must  draw  each  feature  and  limb  separately, 
and  this  is  not  to  be  slightly  done,  but  from  the  best  designs 
or  models  he  can  procure,  with  the  greatest  attention,  till  he  is 
familiarized  with  every  one  of  them.  The  hands  and  feet  are 
particularly  diflicult.  and  require  an  infinity  of  practice:  per- 
haps indeed  perfection  in  the  innumerable  forms  they  take, 
is  not  to  be  acquired,  except  by  those  who  study  anatomical 
drawings.  This  is  butlitl!*  attended  to  by  beginners,  who  are 
impatient  to  draw  a " i chole  length  figure!"  foolishly  imagining, 
that  because  they  can  make  a heap  of  unmeaning  eyes  and 


noses,  misshapen  hands  and  feet,  Sec.  they  are  fully  competent 
to  join  them  together,  and  having  done  so,  they  produce  an  ill- 
formed  disgusting  object,  which  in  fact  proves  they  are  but 
**  nature's  journeymen  who  had  made  men,  and  not  made  them 
well,  they  imitated  humanity  so  abominably."  This  should  be 
reformed  altogether.  Drawing  is  a work  of  infinite  labour. 
Genius  may  shew  itself  early,  and  produce  lino  wild  sketches, 
prophetic  of  what  may  he  done  in  futnrr,  hut  genius  alone 
without  study,  never  can  produce  a perfect  work  ; it  may  and 
will  sooner  acquire  perfection,  hot  no  excellence  beneath  tho 
sun  is  to  be  attained  without  labour.  This  cannot  be  too  deeply 
impressed  upon  the  learner's  mind.  It  would  he  advisable  as 
one  of  the  steps  to  freedom  of  drawiug,  to  observe,  that  the 
pencil  in  sketching  should  he  held  at  a greater  distance  from 
the  point,  than  a pen  in  writing;  and  indeed  longer  than  it  is 
necessary  to  hold  it  in  finishing.  The  hand,  in  sketching  or 
drawing,  should  not  rest  on  the  ends  of  the  two  Inst  fingers,  as 
in  writing  ; but  it  should  not,  if  fhc  drawing  is  large,  touch  the 
paper  at  all  in  making  the  first  outline,  and  the  palm  of  the 
hand  should  turn  upwards  nearly  ; in  smaller  drawings,  not  so 
much  so,  because  it  would  lie  scarcely  possible  to  steady  tho 
hand  sufficiently  to  make  minute  touches  without  a support.  + 
The  artist  should  stand  as  much  as  possible  at  his  studies, 
because  standing  is  move  generally  conducive  to  health,  than 
sitting  and  stooping  over  a desk  for  n continuation. 

Tho  materials  for  drawing  are,  lead  pencil  and  chalk.  Indian 
rnhber  should  be  used  as  little  ns  possible,  for  two  reasons — 
in  the  first  place,  it  soils  the  paper  when  too  frequently  applied 
to  it ; and  in  the  second,  it  gives  an  idle  incorrect  style  of 
drawing,  which  should  be  most  carefully  avoided.  The  first 
sketch  should  be  so  light,  that  the  last  correction,  and  it  should 
undergo  many,  should  conceal  it  wholly.  Correct  subjects  to 
copy  from,  and  fine  models,  are  indispensable. 

With  regard  to  the  shading  of  figures  without  colour,  two 
means  are  adopted  ; the  one  is  accomplished  thus : We  give  a 
round  object,  because  it  comprises  light,  shade,  and  reflection, 
decidedly.  I.  Light-  2.  Shade,  3. 
Reflection.  If  the  epre  he  half  closed, 
these  three  will  be  distinctly  observed 
upon  all  round  objects,  whether  tong, 
as  in  a cylindrical  form,  or  in  a globe, 
or  on  a woman's  arm,  the  roondness 
of  which  is  not  interrupted  by  strong 
muscular  lines.  Care  should  be  taken, 
that  the  Hues  forming  a shadow  do  not 
make  squares,  thus,— but  rather  thus, 


which  lines  harmonise,  and  do  not  offend  the  eye.  Fores' 
drawing  book  gives  excellent  specimens  of  this  shading,  and  the 
engravings  are  exact  representations  of  what  pencil  and  chalk 
shading  should  be.  unless  they  are  softened  w ith  a stump.  The 
stomp  is  principally  applied  to  chalk  drawing  upon  coloured 
paper.  White  chalk  n then  used  to  mark  those  prominent 
parts,  which  upon  white  paper  would  be  left  untouched. 

As  the  student  advances  in  his  studies,  he  will  And  pleasure 
increase,  and  it  is  very  seldom  that  the  diligent  and  skilful 
remain  in  obscurity,  when  they  have  attained  to  a certain 
degree  of  excellence  ; hut  he  should  be  content  to  be  unknown 
till  that  period  arrives.  Diligently  and  secretly  he  must  work 
Ins  way,  till  he  feels  lie  may  venture  before  a judicious,  discern- 
ing, enlightened  public. 

With  regard  to  Landscape  Drawing,  its  foundation  is  per- 
spective, (sre  Perspective,)  and  its  colouring  must  he  drawn 
from  nature,  (sec  PAINTING.) 

In  drawing  Flowers,  the  learner  should  copy  first  of  all  from 


* When  the  late  Mr.  Witt  that  u*  die  Apollo  Bel  rider* , he  exclaimed, 
*'  flow  like  h yoong  Esquimaux  Indian  lie  look*!”  Tbe  Italian*  were 
offended,  till  he  assured  them  “ he  had  aeon  an  Eaqaiimux  precisely  in  the 
lama  attitude  when  eager  ia  his  cliasr.”  West  waa  an  American  bj  birth, 


but  still  we  shnald  fancy  an  Iroqnoi*,  or  Canadian  Indian,  nearer  the  model 
than  an  Eaqniniaax. 

t Artists  frequently  rest  tbe  arm  on  a piece  of  wood  placed  edgeways, 
when  painting  large  picture*. 
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a sprig  of  laurel  leave®,  as  the  most  simple  in  their  formation, 
and  their  sire  requiring  great  freedom  in  the  use  of  the  pencil. 
Indeed,  it  would  I >e  an  advantage  to  practise  for  some  time 
mere  lines  of  this  description,  since  a combination  of  them  in 


various  ways  will  be  found  to  produce  most  of  .the  objects 
which  surround  us,  that  arc  not  composed  of  straight  lines. 

Numerous  have  been  the  plans  adopted  by  different  artists 
to  produce  a brilliancy  of  effect  in  flowers.  Some  colours  can 
only  be  procured  by  distillation;  but  in  this  the  beginner  must 
use  his  owu  powers  of  discrimination,  liody  colours  for  the 
leaves,  have  been  frequently  and  strongly  recommended,  but 
body  colour  is  not  essentially  and  absolutely  necessary,  (of 
course  we  arc  speaking  of  water  colours.)  It  is  possible  to 
produce  lho  most  accurate  resemblance  of  nature  by  common 
■water  colours,  hut  then  this  perfection  must  he  attained  by 
repeated  attempts  from  nature;  and  flowers  should  be  always 
placed  in  the  run  when  they  arc  copied,  because,  as  it  is  next 
to  impossible  ever  to  give  tbe  brilliancy  of  some  flowers,  (except 
in  oil  painting,)  the  stronger  the  light,  and  shade , and  colour 
arc  in  nature,  at  the  moment  the  object  is  copied,  the  greater 
probability  will  there  be  that  the  drawing  will  be  effective, 
than  if  deprived  of  these  aids.  White  paint  upon  white  flowers 
should  be  used  sparingly  ; fine  common  chalk  nicely  pulverized 
with  a little  gum  water,  constitutes,  perhaps,  one  of  the  best 
aud  most  permanent  white  paints.  Newman's  “ Constant 
While”  is,  however,  an  excellent  article,  but  the  ordinary 
•*  flake  whites/’  &c.  all  turn  black  in  time. 

A perfect  knowledge  of  colour  can  only  be  obtained  by 
practice  and  the  study  of  nature.  Repetition  day  after  day  of 
the  effect  of  the  different  colours  when  mixed,  and  the  uses  to 
which  they  may  be  applied,  will  give  tl»e  rising  artist  that, 
which  will  in  the  end  constitute  an  original  and  natural  style 
of  colouring.  But,  as  it  is  supposed  no  beginner  would  pre- 
sume to  decide  against  the  opinion  of  those  whose  instructions 
he  is  receiving,  the  above  remarks  are  not  intended  to  srt  the 
pupil  in  opposition  to  bis  master,  but  merely  to  impress  upon 
the  mind  of  the  student,  that  to  an  artist's  eye,  every  flower  that 
blows,  the  largest  or  the  smallest  objects  which  surround  him, 
whether  a majestic  tree  or  the  smallest  flower,  whether  a purl- 
ing stream,  a foaming  torrent,  a stagnant  pool,  or  even  the 
minute  drop  of  glistening  dew  which  trembles  on  the  morning 
rose, — these,  and  millions  of  other  objects,  should  be  to  him, 
not  only  sources  of  pleasure,  but  of  intense  attention  and  re- 
flection. 

Let  him  rise  with  the  sun,  and  see  how  different  the  scene 
of  a lovely  landscape  is,  when  the  first  rosy  tints  of  morning  ap- 
pear— let  him  watch  the  varying  hues  which  succeed  as  the 
vapours  disperse  and  the  golden  orb  advances — let  him  ob- 
serve the  stillness , the  freshness  of  this  season,  and  let  him 
contrast  it  with  the  effects  of  a noon-day  sun— then  let  him  see 
the  glorious  orb  sinking  in  golden  purple  floods  of  radiance. 
Still  let  him  watch  till  the  moon’s  pale  beams  throw  her  silvery 
lustre  over  the  same  sweet  landscape,  and  let  him  mark  the 
different  effect  of  the  same  objects,  in  the  same  summer  day  l 
nod  view  them  again  when  the  stormy  clouds  presage  a tempest. 
Let  him  do  this  to  the  end  of  the  chapter,  and  tbe  youthful 
aspirant  may.  in  time,  become  the  renowned  and  celebrated 
artist.  Whatever  class  of  drawing  or  painting  the  artist  chooses, 
Mature  must  still  be  his  model,  if  he  would  attain  perfection. 

DREAMS  have  been  described  as  the  imaginations,  fancies, 
or  reveries  of  a sleeping  man,  and  they  arc  said  to  be  deducible 
from  the  three  following  causes:  1.  The  impressions  and  ideas 
lately  received,  and  particularly  those  of  the  preceding  day, 
2.  The  state  of  the  body,  particularly  the  stomach  and  brain  ; 
and,  3.  Association.  A Mr.  Andrew  Carmichael  has  started  a 
very  ingenious  theory  of  dreaming.  He  enumerates  no  less 
than  seven  different  states  of  sleeping  and  waking:—!.  When 
tbe  entire  brain  and  nervous  system  are  buried  in  sleep ; then 
there  is  a total  exemption  from  dreaming.  2.  When  some  of 


the  mental  organs  are  awake,  and  all  the  aenses  ate  asleep; 
then  dreams  occur,  and  seem  to  be  realities.  3.  When  the 
above  condition  exists,  and  the  nerves  of  voluntary  motion  are 
also  in  a state  of  wokefulrcss ; then  may  occur  the  rare  pheno- 
menon of  somnambulism.  4.  When  one  of  the  senses  is  auakc, 
with  some  of  the  mental  organs ; then  wc  may  be  consdotlf, 
during  our  dream,  of  its  illusory  nature.  6.  When  some  of  the 
mental  organs  are  asleep,  and  two  or  more  senses  awake  ; then 
wc  can  attend  to  external  impressions,  and  notice  the  gradual 
departure  of  our  slumbers.  6.  When  wc  are  totally  awake, 
and  in  full  possession  of  all  our  faculties  and  powers.  7.  When 
under  these  circumstances  wc  arc  so  occupied  with  mental 
operations  as  not  to  attend  to  the  impressions  of  external 
objects  ; and  then  our  reverie  deludes  us  like  a dream. 

DREDGE,  a kind  of  drag  used  with  a long  rope  to  catch 
oysters  in  deep  water. 

DRESSING  or  Ores,  the  breaking  and  powdering  them  iu 
the  stamping-mill,  and  afterwards  washing  them  in  a wooden 
trough. 

DRIFT,  in  Mining,  a passage  dug  nndcr  the  earth,  betwixt 
shaft  and  shaft, or  turn  and  turn  ; or  a passage  or  way  wrought 
under  the  earth,  to  the  end  of  a mccr  of  ground,  or  part  of  a 
meer. 

Drift,  the  angle  which  the  line  of  a ship's  motion  imikes 
with  the  nearest  meridian,  when  she  drives  with  her  side  to  the 
winds  and  waves,  and  is  not  governed  by  tbe  power  of  the 
helm.  It  also  implies  the  distance  which  the  ship  drives  on 
that  line.  A ship's  way  is  only  called  drift  in  a storm,  and 
then  when  it  blows  so  vehemently  as  to  prevent  her  from  carry- 
ing any  sail,  or  at  least  restrain  her  to  such  a portion  of  sail  as 
may  be  necessary  to  keep  her  sufficiently  inclined  to  ouc 
side,  that  she  may  not  be  dismasted  by  her  violent  labouring, 
produced  by  the  turbulence  of  the  sea. 

DRILL,  in  Mechanics,  a small  instrument  for  making  such 
holes  as  cannot  be  done  with  punches. 

Driu.,  or  Drill-box , a name  given  to  an  instrument  for  sow- 
ing land  in  the  new  method  of  horse-hoeing  husbandry.  Drill 
sowing  is  a method  of  sowing  grain  or  seed  of  any  kind,  so  that 
it  may  all  be  at  a proper  depth  in  the  earth,  which  is  necessary 
to  its  producing  healthful  and  vigorous  plants.  For  this  pur- 
pose a variety  of  drill  ploughs  have  been  invented  and  recom- 
mended : but  partly  from  tire  expense  attending  the  purchase, 
partly  from  the  complication  of  their  structure,  and  partly  from 
the  attachment  of  the  illiterate  farmer  to  long  habits,  these 
schemes  for  diminishing  labour  have  not  received  the  encou- 
ragement to  which  they  are  entitled. 

DRIVING,  in  the  Sea-language,  is  said  of  a ship  when  an 
anchor  being  let  fall  will  not  hold  her  fast,  nor  prevent  her 
sailing  away  with  tbe  tide  or  wind. 

DROMEDARY,  or  Arabia  m Cauel,  is  distinguishable 
from  every  other  species  of  camel  by  having  a single  bunch 
upon  the  middle  of  its  back.  This  animal,  w hich  is  a native  of 
many  of  the  deserts  of  Asia  and  Africa,  is  of  a tawny  gray 
colour,  and  has  soft  hair,  which  is  longer  on  the  neck,  under 
the  throat,  and  on  the  bunch,  than  elsewhere*  The  Arabian, 
like  all  other  species  of  camel,  has  its  upper  lip  cleft,  and  its 
feet  with  two  long  hoofs,  on  which  it  treads,  and  two  others 
shorter,  which  do  not  touch  the  ground.  These  animals  con- 
stitute the  principal  source  of  riches,  and  the  whole  force  and 
security,  of  the  Arabians.  They  arc  the  only  beasts  by  which 
the  inhabitants  of  the  sandy  deserts  of  many  parts  of  Asia  could 
travrl  or  convey  their  burdens.  The  caravans  of  merchants, 
which  traverse  in  all  directions  the  deserts  of  Egypt  and  Arabia, 
arc  accompanied  by  camels,  that  arc  often  more  in  number 
than  the  men.  These  commercial  travels  are  sometimes  to  tbe 
distance  of  700  or  800  leagues,  and  are  usually  performed  at 
the  rate  of  ten  or  twelve  leagues  a day,  tbe  camels  being  every 
night  unloaded  to  rest  and  feed.  The  burden  of  each  camel 
usually  weighs  about  half  a ton,  and  at  the  command  of  his 
conductor  he  kneels  down,  fur  the  greater  convenience  of  being 
loaded.  The  pace  of  the  camel  is  a high  mid  swinging  trot, 
which  to  persons  unaccustomed  to  it  is  at  first  disagreeable  and 
apparently  dangerous,  but  is  afterwards  sufficiently  pleasant 
and  secure.  The  Arabians  in  general  ride  on  a saddle  that  is 
hollowed  in  the  middle,  and  has  at  each  bow  a piece  of  wood 
placed  upright,  or  sometimes  horizontally,  by  w liicb  the  rider 
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keeps  himself  in  the  scat.  A ring  is  inserted  into  (ho  nostrils 
of  the  camel,  to  which  a cord  is  affixed;  and  this  serves  as  a 
bridle  to  guide  and  stop  him,  or  to  make  him  kneel  when  the 
rider  wishes  to  dismount.  In  the  caravans  of  one  of  the  Abya- 
siuian  tribes,  the  people,  armed  with  javelins,  sometimes  ride 
two  together  on  each  camel,  and  sit  back  to  back. 

The  canids  of  Sahara  are  probably  more  fleet  than  any  (hat 
arc  known  ; and  on  these  animals  the  Arabs,  with  their  loins, 
breast,  and  ears  bound  round,  to  prevent  the  injurious  effects 
of  percussion  from  the  quickness  of  motion,  can  cross  that 
great  desert  in  a few  days.  With  a goat's  skin  or  a porous 
earthen  pitcher  filled  with  water,  a few  dates,  aud  some  ground 
barley,  the  Arab  travels  from  Timbucloo  to  Morocco,  feeding 
his  camel  but  once  upon  the  road.  In  one  instance  a camel 
was  known  to  travel  from  Fort  St.  Joseph,  on  the  river  Sene- 
gal, to  the  house  of  Messrs.  Cabane  and  Dcpras  at  Mogador,  a 
distance  of  more  than  1000  miles,  in  seven  days. 

The  hair,  or  fleece,  of  these  animals,  which  is  renewed  every 
year,  and  which  regularly  falls  off  in  the  spring,  is  so  soft,  that 
the  finest  parts  of  it  may  be  manufactured  into  stuffs  of  beauti- 
ful texture;  and  in  Europe,  when  mixed  with  the  fur  of  the 
heaver,  it  is  sometimes  made  into  bats.  The  inhabitants  of 
some  parts  of  Sahara  live  in  tents  of  woven  camel’s  hair,  which 
forms  a thick  covering  completely  water-proof.  After  the  hair 
has  been  stripped  off,  the  skin  is  converted  into  leather.  In 
Arabia,  the  milk  of  the  camel  is  a roost  important  article  of 
nutriment;  and  the  Atth,  though  dry  and  hard,  is  not  unpalat- 
able, particularly  when  young.  By  the  inhabitants  of  Egypt 
this  is  so  much  esteemed,  that,  in  Cairo  and  Alexandria,  it  was 
formerly  forbidden  to  be  sold  to  the  Christians.  In  many  parts 
of  Africa  the  tongue t are  salted  and  dried,  both  for  use  and  ex- 
portation; and  with  the  ancient  Romans  the  heels  of  camels 
were  eaten  as  a great  delicacy. 

'J'he  Hadrian,  or  Two-bunched  Camel , is  known  from  the 
Arabian  species  by  having  two  bunches  on  its  back,  by  being 
somewhat  larger,  and  having  shorter  legs.  This  animal  is 
found  in  L'sbcc  Tartary,  the  ancient  Hactria;  it  is  likewise  a 
native  of  Siberia,  Thibet,  and  some  parts  of  China.  The  pur- 
poses to  which  the  Bactrian  camel  are  applied,  are  the  same  as 
those  already  described  respecting  the  Arabian  species.  These 
animals,  however,  are  sufficiently  hardy  to  sustain  the  climate 
of  the  temperate  parts  of  Siberia,  and  to  be  able,  without  in- 
jury, to  traverse  even  humid  and  marshy  countries,  which  would 
soon  prove  fatal  to  the  Arabian  camel. 

DRONE,  in  Music,  the  largest  tube  of  the  bagpipe;  the 
office  of  which  is  to  emit  one  continued  deep  note,  as  an 
accompanying  bass  to  the  air  or  tuno  played  on  the  smaller 
pipes. 

DROPS,  in  Meteorology,  small  spherical  bodies  which  the 

fiarticlcs  of  fluids  spontaneously  form  themselves  into,  when 
ct  fall  from  any  bright.  This  spherical  figure,  the  Newtonian 
philosophers  demonstrate  to  be  the  effect  of  corpuscular 
attraction. 

DROPSY,  in  Medicine,  an  unnatural  collection  of  watery 
humours  in  any  part  of  (he  body. 

DROWNING,  signifies  the  extinction  of  life  by  immersion 
in  water.  Various  plans  for  the  recovery  of  drowned  persons 
have  been  given,  but  the  most  tried  and  approved  is  that  of 
the  Royal  Humane  Society,  as  follows: 

1.  When  the  patient  is  taken  out  of  the  water,  the  wet 
clothes  should  be  taken  off  with  ail  possible  expedition  on  the 
spot  (unless  some  convenient  bouse  is  near,)  and  a great  coat 
or  two,  or  some  blankets,  wrapped  round  the  body. 

2.  The  patient  is  to  be  carefully  conveyed  in  the  arms  of 
three  or  four  men  to  the  nearest  house,  where,  if  in  the  winter 
season,  a good  fire,  and  a warm  bed,  can  he  made  ready  for  its 
reception.  As  the  body  is  conveying  to  this  place,  great 
attention  is  to  be  paid  to  the  position  of  the  head ; which  must 
be  kept  supported  in  a natural  and  easy  posture,  and  nut 
suffered  to  hang  down. 

3.  In  cold  or  moist  weatber,  the  patient  is  to  be  laid  on  a 
mattress  or  bed  beforo  the  fire,  but  not  too  near,  or  in  a mode- 
rately heated  room;  in  warm  and  sultry  weatber,  on  a bed 
only.  The  body  is  then  to  be  wrapped  as  expeditiously  as 
possible  with  a blanket,  and  thoroughly  dried  with  warm  coarse 
cloths  or  flannels. 
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4.  In  summer  or  sultry  weather,  too  much  air  cannot  he 
admitted.  For  Ibis  reason  it  will  be  necessary  to  set  open  the 
windows  anti  doors. 

6.  Not  more  than  six  persons  are  to  be  present  to  apply  the 
proper  means;  a greater  number  will  be  useless,  and  may  pre- 
vent the  restoration  of  life,  by  rendering  the  air  of  the  apart- 
ment unwholesome. 

0.  It  will  bo  proper  for  one  of  the  assistants,  with  a common 
air  of  bellows,  applying  the  pipe  a little  up  one  nostril,  to 
low  with  force,  to  introduce  air  into  the  Jungs ; at  the  same 
time  the  other  nostril  and  the  mouth  are  to  be  closed  by  another 
assistant,  while  a third  person  gently  presses  the  chest  with 
his  hands,  after  the  lungs  are  inflated.  If  the  pipe  of  the  bel- 
lows is  too  large,  tho  air  may  be  blown  in  at  the  mouth,  the 
nostrils  being  dosed,  so  that  it  may  not  escape  that  way. 

7.  Let  the  body  be  gently  rubbed  with  flannels,  sprinkled 
with  spirits.  A warming  pan  heated  (the  body  being  sur- 
rounded with  flannel)  may  be  lightly  moved  up  and  down  the 
back.  Fomentations  of  hot  brandy  are  to  be  applied  to  the 
pit  of  the  stomach,  loins,  &c.,  and  often  renewed.  Bottles 
filled  with  hot  water,  heated  tiles  covered  with  flannel,  or  hot 
bricks,  may  be  applied  to  the  soles  of  the  feel,  palms  of  the 
hand,  and  other  parts  of  the  body.  The  temples  may  be  rubbed 
with  spirits  of  hartshorn,  and  the  nostrils  now  and  then  tickled 
with  a feather;  and  snuff,  or  eau-dc-lnce,  should  be  occa- 
sionally applied. 

H.  Tobacco-fumes  should  be  thrown  up  the  fundament:  if  a 
fumigator  is  not  at  hand,  a common  pipe  may  answer  the  pur- 
pose. This  operation  should  be  frequently  performed,  for  the 
good  effects  of  this  process  have  been  experienced  in  a variety 
of  instances.  But  should  the  application  of  totmero-smokr  in 
this  wav  not  be  immediately  convenient,  or  other  impediments 
arise,  clysters  of  this  herb,  or  other  acrid  infusions  with  salt, 
4tc.,  may  be  thrown  up  with  advantage. 

9.  When  these  means  have  been  employed  a considerable 
time  without  success,  and  a brewhousc  is  near,  or  a warm  bath 
can  be  readily  obtained,  tbe  body  should  be  carefully  conveyed 
to  such  place,  and  remain  in  (he  bath,  or  surrounded  with 
warm  grains,  for  three  or  four  hours.  If  a child  has  been 
drowned,  its  body  should  be  wiped  dry,  and  placed  in  bed 
between  two  healthy  persons.  The  salutary  effects  of  the 
natural  warmth,  conveyed  in  this  manner,  have  been  proved  in 
a variety  of  cases. 

10.  While  the  various  methods  of  treatment  are  employed, 
the  body  is  to  be  shaken  every  ten  minutes,  to  render  the  pro- 
cess of  animation  more  successful : and  children  are  to  ho 
much  agitated,  by  taking  hold  of  their  legs  and  arms  frequently 
and  for  some  time. 

11.  If  there  are  nn^r  signs  of  returning  life,  a spoonful  of 
warm  liquid  tnny  be  given  ; and  if  the  act  of  swallowing  can  bo 
performed,  a cordial  of  warm  brandy  or  wine  may  be  given  in 
small  quantities,  ami  frequently  repeated. 

12.  Electricity  may  bo  tried  by  the  skilful,  as  its  application 
neither  prevents  nor  retards  the  various  modes  of  recovery 
already  recommended;  but,  on  the  other  hand,  it  will  most 
probably  tend  to  render  the  other  means  employed  more  ex- 
peditiously efficacious. 

The  methods  which  have  been  described,  are  to  be  employed 
with  vigour  for  three  hours  or  upwards,  although  no  favourable 
circumstances  should  arise  ; for  it  is  a dangerous  error  to  sup- 
pose that  persons  arc  irrecoverable,  because  life  does  not  soon 
make  its  appearance.  BleediDg  is  never  to  be  employed  un- 
less by  direction  of  a medical  person. 

DRUG,  a general  term  for  goods  of  the  druggist  and  gro- 
cery kinds,  especially  for  those  used  in  medicine  and  dyeing. 

DRUGGET,  in  Commerce,  a stuff  sometimes  all  wool,  and 
sometimes  half  wool,  half  thread  ; it  is  either  corded  or  plain. 

DRUIDS,  tbe  priests  or  ministers  of  religion  of  the  ancient 
B.  itnns  and  Gauls.  The  druids  were  chosen  out  of  the  best 
families  ; and  were  held,  both  by  the  honours  of  tbeir  birth  and 
their  office,  in  the  greatest  veneration.  They  are  said  to  have 
understood  astrology,  geometry,  natural  history,  politics,  and 
geography  : they  had  the  administration  of  sacred  things,  were 
the  expounders  of  religion,  and  tbe  judges  of  civil  affairs. 

DRUM,  a martial  musical  instrument  in  form  of  a cylinder, 
hollow  within,  and  covered  at  tbe  two  ends  with  vellum,  which 
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is  stretched  or  slackened  at  pleasnre  by  small  cords  and  slid- 
ing knots.  Some  drums  are  made  of  brass,  but  they  arc  com- 
monly  of  wood.  Kettle  drums  arc  large  basins  of  copper  or  brass, 
rounded  in  tbe  bottom,  and  covered  with  vellum  or  goat-skin. 

DRY-ROT.  a term  or  name  applied  to  a rapid  decay  of  any 
vegetable  matter,  when  it  bas  the  appearance  of  being  tolerably 
dry,  but  in  general  is  applied  only  to  timber  when  in  that  state, 
and  is  so  named  in  contradistinction  to  the  common  mode  of 
decay,  by  being  exposed  to  the  alternate  states  of  wet  and  dry. 
There  are  a peat  number  of  causes  for  this  species  of  decay  : 
some  are  quite  simple;  others  very  complicated;  yet  whatever 
may  be  the  original  cause,  simple  or  compound,  the  effects  are 
the  same,  namely,  to  render  the  timber  useless,  by  destroying 
its  elasticity  and  toughness,  rendering  it  insufficient  to  resist 
any  considerable  pressure,  and,  indeed,  for  any  of  the  useful 
purposes  to  which  timber  is  applied.  When  timber  is  in  a 
tolerably  dry  state,  any  means  which  will  absorb  or  extract  its 
oxygen  from  the  other  component  parts  will  leave  it  in  the  state 
commonly  called  dry  rattrn.  Moist,  warm  situations,  with  little 
or  no  current  of  air,  are  the  most  likely  to  generate  this  evil. 
The  effluvia  from  timber  in  such  a state  of  decay  will  rapidly 
carry  its  effects  to  the  circumjacent  timber,  however  dry  it  may 
appear,  and  any  sort  of  timber  will  be  in  a very  little  time  ren- 
dered quite  useless.  When  timber  is  exposed  to  any  consider- 
able degree  of  moisture  and  heat,  fungi  of  various  shapes  and 
texture,  according  to  the  species  of  timber,  and  other  causes, 
will  appear  upon  it;  and  although  this  fungous  matter  be  really 
an  effect  of  the  dry-rot,  yet  it  is  as  truly  a cause  of  the  same 
evil.  There  are  no  possible  means  of  restoring  rotten  timber 
to  a sound  state,  and  the  dry-rot  can  only  be  cured,  as  it  is 
called,  by  removing  the  decayed  and  affected  parts,  clearing 
away  all  the  fungi,  and  destroying  ila  vegetating  principle, 
with  which  the  hard  materials,  such  as  bricks  or  stone,  may 
have  been  impregnated.  For  this  purpose,  a strong  solution  of 
iron,  copper,  or  zinc,  is  used  with  advantage.  This,  with  the 
admission  of  a large  quantity  of  air,  is  very  advantageons. 
Many  persons  have  written  on  the  subject,  and  the  nostrums 
proposed  arc  as  numerous  as  their  authors.  Timber  once  in- 
ured cannot  be  restored ; but  the  evil  may  be  stopped  by 
removing  the  corrupted  and  contagious  matter,  and  by  the 
admission  of  a free  circulation  of  air.  Much  also  may  be  done 
jy  cutting  timber  in  winter,  and  properly  seasoning  it  by  atcep- 
ng  it  in  water  for  some  time,  and  then  thoroughly  drying  it 
oefore  it  is  used  in  building. 

DUCAT,  a coin  current  in  Germany,  and  other  countries 
abroad.  In  Germany,  Italy,  and  Holland,  it  is  of  the  value  of 
about  9#.  3rf. ; the  ducat  of  Naples  is  3#.  id. ; that  of  Florence 
or  Leghorn,  5s.  \d. ; the  gold  ducat  of  Portugal  is  £6.  16s. 

DUCATOON.  a coinage  in  Holland  and  Flanders  ; io  the 
former  country  its  value  is  as.  6 H.  and  in  the  latter  5s.  2Jd. 

DUCHY  COURT,  a court  of  the  duchy-chamber  of  Lan- 
caster, held  at  Westminster  before  the  chancellor  of  tbe  same, 
for  matters  concerning  the  lands  and  franchises  of  that  duchy. 
Tbe  proceedings  in  this  court  are  by  Euglish  bill,  as  in  chan- 
eery.  Gwyn  says,  that  this  court  grew  out  of  the  grant  of  king 
Edward  III.  who  gave  the  duchy  to  John  of  Gaunt,  and 
endowed  it  with  royal  rights  and  privileges  ; several  others  of 
our  ancient  kings  likewise  separated  this  duchy  from  the 
crown,  and  settled  it  in  the  natural  persoos  of  themselves  and 
their  heirs ; though,  in  succeeding  times,  it  was  united  to  the 
crown  

DUCTILITY,  the  extensibility  and  cohesion  of  particles, 
which  enables  metal  to  be  drawn  into  wire  without  breaking. 
There  is  but  a shade  of  difference  between  this  property  and 
that  of  malleability.  The  ductility  of  some  bodies,  especially 
of  gold,  is  very  surprising:  the  gold-beaters  and  wire-drawers 
furnish  us  with  abundant  proofs  of  this  property  ; they  every 
day  reduce  gold  into  lamella:  inconceivably  thin,  yet  without 
the  least  aperture  or  pore  discoverable,  even  by  the  micro- 
scope ; a single  grain  of  gold  may  bo  stretched  under  the  ham- 
mer into  a leaf  that  will  cover  a house,  and  yet  the  leaf 
remain  so  compact  as  not  to  transmit  the  rays  of  light,  nor 
even  admit  spirit  of  wine  to  transude. 

But  M.  Reaumur  has  carried  tbe  ductility  of  gold  to  a still 
greater  extent.  What  is  called  gold-wire,  every  body  knows, 
is  only  a silver  one  gilt.  The  cylinder  of  silver,  covered  with 


’ leaf  gold,  they  draw  through  the  hole  of  an  iron,  and  the 
gilding  still  keeps  pace  with  the  wire,  stretch  it  to  what  length 
they  can.  Now  M.  Reaumur  shews,  that  in  the  common  way 
| of  drawing  gold  wire,  a cylinder  of  silver  twenty-two  inches 
: long,  and  fifteen  lines  in  diameter,  is  stretched  to  1,163.520  feet, 
or  is  634,69*2  lines  lougcr  than  before,  which  amounts  to  about 
ninety-seven  leagues.  To  wind  this  thread  on  silk  for  use,  they 
first  flatten  it,  in  doing  which  it  stretches  at  least  one-seventh 
farther,  so  that  the  iwenty-two  inches  are  now  111  leagues; 
but  in  the  flattening,  instead  of  one-seventh,  they  could  stretch 
it  one-fourth.  which  would  bring  it  io  120  leagues.  This 
uppears  a prodigious  extension,  and  yet  it  is  nothing  to  what 
; this  gentleman  lias  proved  gold  to  be  capable  of. 

Ductility  cf  Glass.  We  all  know,  that  when  penetrated 
■ with  the  heat  of  the  fire,  the  workmen  can  figure  and  raauage 
glass  like  soft  wax  ; but  what  is  more  remarkable,  it  may  be 
i drawn,  or  spuu  out,  into  threads  exceedingly  long  and  fine. 
Our  ordinary  spinners  do  not  form  their  threads  of  silk,  flax,  or 
tbe  like,  with  half  tbe  rase  and  expedition  the  glass-spinners 
do  threads  of  this  brittle  matter.  We  have  some  of  them  used 
in  plumes  for  children's  heads,  and  divers  other  works,  much 
finer  than  any  hair,  and  which  bend  and  wave  like  hair  with 
every  wind.  Nothing  is  more  simple  and  easy  than  the  method 
of  making  them.  There  arc  two  workmen  employed  ; the  first 
holds  one  end  of  a piece  of  glass  over  the  flame  oT  a lamp, 
and  when  the  heat  has  softened  it,  a second  operator  applies  n 
glass  hook  to  the  metal  thus  in  fusion ; and  withdrawing  the 
hook  again,  it  brings  with  it  a thread  of  glass,  which  still 
adheres  to  the  mass;  then  fitting  his  hook  on  the  circumference 
of  a wheel  about  two  feet  and  a half  in  diameter,  he  turns  the 
wheel  as  fast  as  he  pleases,  which  drawing  out  tbe  thread, 
' winds  it  on  its  rim,  till,  after  a certain  number  of  revolutions, 
it  is  covered  with  a skein  of  glass-thread.  The  mass  in  fusion 
: over  the  lamp  diminishes  insensibly,  being  wound  out  like  a 
due  of  silk  upon  the  wheel ; and  the  parts,  as  they  recede  from 
the  flame,  cooling,  become  more  coherent  to  those  next  to  them, 
and  this  by  degrees  : the  parts  nearest  the  fire  arc  always  the 
least  coherent,  and  of  consequence,  must  give  way  to  tbe  effort 
the  rest  make  to  draw  them  towards  the  wheel.  The  circum- 
ference of  these  threads  is  usually  a flat  oval,  being  three  or 
four  times  as  broad  as  thick  ; some  of  them  seem  scarcely  big- 
ger than  the  thread  of  a silk-worm,  and  arc  surprisingly  flexible, 
if  the  two  ends  of  such  threads  arc  knotted  together,  they  may 
be  drawn  and  bent  till  the  aperture,  or  space  in  the  middle  of 
the  knot,  does  not  exceed  one-fourth  of  a line,  or  one-forty- 
eighth  of  an  inch,  in  diameter.  Hence  the  flexibility  of  glass 
increases  in  proportion  to  the  fineness  of  the  threads ; aud 
probably,  bad  we  but  the  art  of  drawing  threads  as  fine  as  a 
spider’s  web,  we  might  weave  stuffs  and  cloths  of  them  for 
wear,  bnt  could  never  make  them  long  enough  to  be  serviceable. 
Aee  Divisibility. 

DUEL,  a single  combat,  at  a time  and  place  appointed,  in 
conseouenee  of  a challenge.  This  custom  came  originally 
from  the  northern  nations.  Both  the  accuser  and  the  accused 
gave  pledges  to  the  judges  on  their  respective  behalf ; and  the 
custom  prevailed  that  none  were  excused  from  it  but  women, 
sick  people,  cripples,  and  such  as  were  under  21  years  of  age, 
or  above  60.  Even  ecclesiastics,  priests,  and  monks,  were 
obliged  to  find  champions  to  fight  in  their  stead.  The  punish- 
ment of  the  vanquished  was  either  death  by  hanging  or  behead- 
ing ; or  mutilation  of  members,  according  to  the  circumstances 
of  the  case.  Duels  were  at  first  admitted,  not  only  on  criminal 
occasions,  but  on  some  civil  ones,  for  the  maintenance  of 
rights  to  estates,  and  before  the  like  : in  later  times,  however, 
they  were  almost  entirely  abolished,  being  restrained  to  these 
four  oases:  1.  That  the  crime  should  be  capital.  2.  That  it 
should  be  certain  the  crime  was  perpetrated.  3.  The  accused 
must,  by  common  fame,  be  supposed  guilty.  And,  4.  The 
matter  not  capable  of  proof  by  witnesses.  But  this  also  has 
been  abolished,  and  there  no  longer  exists  the  “trial  by  battle.’' 

Di’bl,  at  present  is  used  for  a single  combat  on  some  private 
quarrel,  and  must  be  premeditated,  otherwise  it  is  called  a 
rencounter.  If  a person  be  killed  in  a duel,  both  the  principals 
and  seconds  arc  guilty  of  ronrder,  whether  the  seconds  engage 
or  not.  It  is  also  a very  high  offence  to  challenge  a person 
either  by  word  or  letter,  or  to  be  the  messenger  of  a challenge. 
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DUET,  in  Music,  a composition  written  for  two  voices  or  j 
Instruments,  with  or  without  a bass  ami  accompaniments. 

DUKE,  is  cither  the  title  of  a sovereign  prince,  as  the  Duke 
of  Modena,  the  Grand  Duke  of  Tuscany,  &c.  or  it  is  the  title 
of  honour  and  nobility  next  below  princes.  Duke,  at  present 
in  Britain,  is  a mere  title  of  dignity,  without  giving  any  domain,  ! 
territory,  or  jurisdiction,  over  the  place  from  whence  the  title 
is  taken.  A duke  is  created  by  patent,  cincture  of  sword, 
mantle  of  state,  imposition  of  a cap  and  coronet  of  gold  on  his  l 
head,  and  a verge  of  gold  put  into  ms  hand.  His  title  is,  Grace ; 
and,  in  the  style  of  the  heralds,  Most  hi vh  uotent,  high-bom, 
and  noble  prince. 

DULCIMER,  a musical  instrument,  strung  with  about  fifty 
wires  cast  over  a bridge  at  each  end.  It  is  performed  upon  by 
striking  the  wires  with  little  iron  rods. 

DUMBNESS,  the  privation  of  speech,  the  roost  general 
cause  of  which  is  the  want  of  the  sense  of  heariog  : language 
being  originally  acquired  by  imitating  sounds.  Prom  this 
source  of  intelligence  deaf  people  are  entirely  excluded  ; they 
cannot  acquire  articulate  sounds  by  the  ear:  unless  therefore 
articulation  be  communicated  by  some  other  medium,  they 
must  be  deprived  of  language.  Of  late  years  it  has  been 
shewn,  that  though  deaf  people  cannot  learn  to  speak  or  read 
by  the  direction  of  the  ear,  there  are  other  sources  of  imitation, 
by  which  the  same  effect  may  be  produced.  Tho  organs  of 
hearing  and  speech  havo  little  connexion.  Persons  deprived 
of  the  former  generally  possess  tho  latter  in  such  perfection, 
that  nothing  further  is  necessary  to  make  them  articulate,  than 
to  teach  them  how  to  use  these  organs.  This,  indeed,  is  no 
easy  task,  but  it  is  practicable.  The  first  thing  is,  to  teach  the 
pupil  to  pronounce  the  simple  sounds  of  the  vowels  and  con- 
sonants. The  teacher  pronounces  the  sound  of  the  letter  a 
very  slowly,  pointing  to  the  figure  of  it  upon  paper  at  the  same 
time,  and  makes  the  pupil  observe  the  motion  of  his  month  and 
tbroal.  He  then  puts  his  finger  into  his  pupil’s  mouth,  depresses 
or  elevates  the  tongue,  and  makes  him  keep  the  parts  in 
that  position ; then  he  lays  hold  of  the  outside  of  the  throat, 
and  applies  such  a kind  of  pressure  as  shall  indicate  to  the 
pupil  a certain  necessary  action  to  be  performed  by  the 
muscles.  All  tho  while  he  is  pronouncing  a,  the  pupil  is  , 
anxiously  imitating  him,  but  at  first  seems  not  to  understand  j 
what  he  would  have  him  to  do.  In  this  manner  he  proceeds,  j 
till  the  pupil  has  learned  to  pronounce  the  sounds  of  the  letters. 
He  goes  on  in  the  same  manner  to  join  a vowel  and  a consonant, 
till  at  length  the  pupil  is  enabled  both  to  speak  and  lo  read. 

DUODECIMALS,  or  Cross  Multiplication,  (from  duo- 
dicem,  twelve,)  is  a rule  used  by  workmen  and  artificers  in  com- 
puting the  content  of  their  work  ; dimensions  arc  usually  taken 
in  feet,  inches,  and  parts;  but  of  the  last,  all  those  less  than  I 
of  inches  are  frequently  omitted  as  of  littlo  or  no  consequence, 
and  the  same  is  always  done  in  casting  up  the  contents,  where 
they  are  of  still  less  * importance.— Rule.  Set  down  the  two  [ 
dimensions  to  be  multiplied  together  under  each  other,  so  that 
feet  may  stand  under  feet,  inches  under  inches,  and  parts 
under  parts.  Then  multiply  each  term  in  the  multiplicand, 
beginning  at  the  lowest,  by  the  feet  in  the  multiplier,  and  sc* 
the  result  of  each  directly  under  its  corresponding  term, 
observing  to  carry  I for  every  12,  from  the  parts  to  the  inches,  ' 
aud  from  the  inches  to  the  feet.  In  like  manner,  multiply  all 
the  multiplicand  by  the  inches  and  parts  of  the  multiplier, 
and  set  the  result  of  each,  one  remove  to  the  right-hand  ot 
those  in  the  multiplicand,  and  the  sum  of  these  successive  j 
products  will  be  the  answer.  Or.  instead  of  multiplying  by  the  j 
laches  and  parts,  such  parts  of  the  multiplicand  may  be  taken 

as  these  are  of  a foot. Examples,  Multiply  0 feet,  4 inches,  ; 

8 parts,  by  10  feet,  3 inches,  0 parts. 
fi.  in.  p. 

6 4 3 
10  3 9 


Otherwise : 


03 


0 6 
7 0 0 
4 0 2 


feet  65  6 3 answer. 
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H 
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It  may  not  be  amiss  to  observe  here,  that  the  feet  in  the 
answer  are  square  feet,  but  the  numbers  standing  in  the  place 
of  inches  arc  not  square  inches,  as  one  might  at  first  infer,  but 
I2fh  parts  of  square  feet,  each  part  being  equal  to  12  square 
iuclics.  In  like  manner,  the  numbers  standing  in  the  third 
place,  or  place  of  parts,  arc  so  many  12th  parts'  of  the  preced- 
ing denomination,  theso  therefore  are  square  inches;  and  in 
the  same  manner,  if  the  operation  be  carried  farther,  every  suc- 
cessive place  will  be  a 12th  part  of  that  preceding  it. 

DUODECIMO,  is  used  to  denote  the  size  of  a book  when 
the  sheets  are  folded  into  twelve  leaves. 

DIJODECUPLE,  consisting  of  twelves. 

DUODENARY  Arithmetic,  is  that  in  which  the  local 
virtue  of  the  figures  increases  in  a twelvefold  proportion  from 
right  to  left,  instead  of  the  tenfold  proportion  in  the  common  or 
denary  arithmetic.  Thus  till,  in  the  duodenary  scale,  expresses 
12*  -f  12*  + 12  -f  1 zz  1885  in  the  common  scale.  Every 
number  may  be  converted  from  one  scale  to  the  other,  and  iii 
many  cases  the  duodenary  system  (particularly  after  practice 
has  rendered  it  familiar)  possesses  considerable  advantages 
over  that  In  common  use.  In  the  duodenary  scale  of  notation, 
there  must  be  introduced  two  new  characters  for  expressing 
10  and  II,  and  these  may  be  represented  by  p and  *•,  that  is 
10  = Us:  r;  so  that  the  digits  of  this  system  become, 

0,  I,  2,  3,  4,  5,  0,  7,  8.  »,  ir. 

with  which  characters  any  number  whatever  may  be  expressed 
according  to  the  dnodenary  system,  tho  name  as  in  common 
arithmetic,  by  the  nine  simple  digits. 

DUPLE,  among  Mathematicians,  denotes  the  ratio  of  2 to  I. 
Thus  the  ratio  of  8 to  4 is  duple,  or  as  2 to  I.  .YmA-Di  ple  Ratio 
is  just  the  reverse  of  the  former,  or  as  I to  2. 

DUPLICATE,  among  Lawyers,  denotes  a copy  of  any  deed, 
writing,  or  account.  It  is  also  used  for  a second  letter  written 
and  sent  to  the  same  party  and  purpose  as  a former. 

Duplicate  Proportion,  is  a compound  of  two  ratios;  thus, 
the  duplicate  ratio  of  a to  b,  is  tho  ratio  of  a a to  66,  or  of  the 
square  of  a to  the  square  of  b. 

DUPLICATION,  in  general,  signifies  tho  doubling  of  any 
thing  or  multiplying  of  it  by  2;  also  the  folding  of  auy  thing 
back  again  on  itself. 

DURATK,  in  Music,  a term  properly  applicable  to  whatever 
offends  the  ear  by  its  effect 

DURESS,  in  Law,  is  where  a man  is  kept  in  prison,  or 
restrained  of  his  liberty,  contrary  to  the  order  of  the  law. 

DUTY,  in  Policy  and  Commerce,  signifies  the  impost  laid 
on  merchandises,  at  importation  or  exportation,  commonly 
called  the  duties  of  customs  ; also  the  taxes  of  excise,  stamp- 
duties.  &c. 

DYE,  in  Architecture,  any  square  body,  as  tho  trunk,  or 
notched  part  of  a pedestal ; also  a cube  of  stone  placed  under 
the  feet  of  a statue,  and  over  its  pedestal. 

DYEING  of  Cloths,  is  the  art  of  tingeing  cloth,  or 
other  matter,  with  a permanent  colour,  by  penetrating  its  sub- 
stance, and  imparting  different  colours  to  wool,  silk,  linen,  Ac. 
The  substances  employed  are  called  colouring  matters  or  dye- 
stuffs, and  are  extracted  from  animal  and  vegetable  substances. 
If  the  colouring  matters  were  merely  spread  over  the  surface 
of  the  fibres  of  cloth,  the  colours  produced  might  be  bright, 
hut  they  could  not  be  permanent ; because  the  colouring  matter 
would  disappear  whenever  the  cloth  was  washed  or  exposed  to 
the  weather.  The  colouring  matter  cannot  seize  upon  the  cloth 
permanently,  unless  there  be  an  affinity  between  them.  And 
since  there  can  be  no  affinity  till  tho  dye-stuffs  have  been 
reduced  to  their  integrant  particles,  dyeing  is  a process  purely 
chemical.  The  colouring  matter  is  first  dissolved  in  some 
liquid  which  has  a weaker  affinity  for  it  than  the  cloth  has. 
When  the  cloth  is  dipped  in  this  solution,  the  colouring  matter 
is  brought  within  the  attracting  distance ; the  cloth  acts  upon 
it,  and,  from  its  stronger  affinity,  takes  it  from  the  mordant  and 
fixes  it  upon  itself.  The  equality  of  the  colour  is  also  secured 
by  this  contrivance,  as  every  part  of  the  cloth  has  an  oppor- 
tunity of  attracting  to  itself  the  proper  proportion  of  colouring 
particles.  Wool  has  the  strongest  affinity  for  almost  all  colour- 
ing matters ; the  next  strongest  is  cotton,  which  has  a con- 
siderably weaker  affinity,  and  linen  the  weakest  of  all.  In 
order  therefore  to  dye  cotton  or  linen,  the  dye-stuffs  should  bo 
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dissolved  in  a substance  for  which  it  has  a weaker  affinity  than 
fur  the  solvent  employed  in  the  dyeing  of  wool  or  silk.  To  dye 
wool,  sc  use  or  yd*  of  iron;  to  dye  cotton  or  linen,  acetous  acid* 
answer  best. 

Of  Mordants.  To  render  dyeing  colours  permanent,  a mor- 
dant is  pitched  upon,  which  has  a powerful  attachment  to  both 
the  cloth  and  the  colouring  matter.  The  mordant  is  previously 
combined  with  the  cloth,  which  is  then  plunged  into  the  solu- 
tion of  dye-stuff,  and  the  dye-stuff  combines  with  the  mordant, 
which  being  firmly  combined  with  the  cloth,  secures  the  per- 
manency of  the  dye.  The  proper  preparation  and  the  appli- 
cation of  mordants  are  the  principal  considerations  in  the  art 
of  dyeing.  Thu  mordants  must  be  previously  dissolved  in  some 
liquid  which  has  a weaker  affinity  for  them  than  the  cloth  has 
to  w hich  they  are  to  be  applied ; and  the  cloth,  to  saturate  itself 
with  the  mordant,  must  be  dipped  or  steeped  in  the  solution. 
The  mordants  are  earth*,  metallic  oxydes , tan.  and  oil. 

Alumine,  the  most  important  mordant  earth  that  dyers  use, 
is  indispensable  to  dyers  and  calico  printers,  not  only  on 
account  of  its  cleansing  and  opening  the  pores  of  the  sub- 
stances to  be  dyed,  and  thus  rendering  them  fit  to  receive  tbe 
colouring  particles,  but  also  from  its  more  essential  property 
of  fixing  the  colours,  or  that  they  cannot  afterwards  be  washed 
out.  Aluiuine  is  used  either  in  the  state  of  common  alum  or 
in  that  of  acetite  of  aluminr. 

Lime  is  also  used  as  a mordant,  either  as  lime  water,  or  sul- 
phate of  lime  dissolved  in  water. 

The  metallic  oxydts  of  tin  and  iron  are  the  most  generally 
used ; the  former  gives  brightness  to  reds  and  scarlets,  and 
precipitates  the  colouring  matter  in  other  dyes;  the  latter  has 
a strung  affinity  for  all  kinds  of  cloth,  as  is  proved  abundantly 
by  the  difficulty  we  have  to  remove  iron  spots  (moulds)  from 
linen  or  cotton  cloth.  And  as  a mordant  it  is  used  either  as 
sulphate  of  iruu  or  acelite  of  iron. 

Tan  and  Oil . On  the  leaves  and  buds  of  the  oak  certain 
excrescences  ate  formed,  in  consequence  of  the  puncture  of 
insects,  as  a lodgment  for  their  eggs  and  a habitation  for  their 
future  young.  These  arc  termed  gall*,  and  if,  when  arrived  at 
h certain  slate,  they  are  infused  in  a weak  solution  of  vitriol, 
they  imparl  to  it  a purple  or  violet  tinge ; and  after  the  whole 
colouring  matter  is  extracted,  this  becomes  perfectly  black. 
Considerable  quantities  of  galls  are  used  in  dyeing,  and  for 
other  purposes.  Tati  adds  (o  the  weight  of  silk,  and  is  there- 
fore much  used  ; oil  is  also  used  for  tho  same  purpose. 

Besides  these,  tartar,  acetite  of  lead,  common  salt,  sal  ammoniac, 
sulphate  or  acetite  of  copper,  arc  used  as  mordants,  which  not  only 
render  the  dye  permanent,  but  have  also  considerable  influence 
ou  the  colour  produced.  The  same  colouring  matter  produces 
very  different  dyes,  according  as  the  murdnnt  is  changed.  Sup- 
pose, for  iustance.  that  the  colouring  matter  he  cochineal ; if 
we  use  the  aluminous  mordant,  the  cloth  will  acquire  a crim- 
son colour;  but  the  oxydo  of  iron  produces  with  it  a black.  In 
dyeing,  then,  it  is  not  only  necessary  to  procure  a mordant 
which  has  a sufficiently  strong  affinity  for  the  colouring  matter 
and  the  cloth,  and  a colouring  matter  which  possesses  a wished 
for  colour  in  peifection,  but  wc  must  procure  a mordant  and  a 
colouring  matter  of  such  a nature,  that,  when  combined  together, 
they  shall  possess  the  wished-for  colour  in  perfection.  It  is 
evident  too,  that  a great  variety  of  colours  may  be  produced 
with  a single  dye-stuff,  provided  we  can  change  the  mordant 
sufficiently.  The  colouring  matter  with  which  the  cloth  is  dyed, 
does  not  cover  every  portion  of  its  surface  : its  particles  attach 
themselves  to  the  cloth  at  certain  distances  from  each  other ; 
for  doth  may  be  dyed  different  shades  of  the  same  colour, 
lighter  or  darker,  merely  by  varying  the  quantity  of  colouring 
matter.  With  a small  quantity,  tbe  shade  is  light;  and  it  be- 
comes deeper  as  the  quantity  increases ; now,  this  would  be 
impossible,  if  the  dye-stuff  covered  the  whole  of  the  cloth. 
That  the  particles  of  colouring  matter,  even  when  the  shade  is 
deep,  arc  at  some  distance,  is  evident  from  this  well-known 
fact,  that  cloth  may  be  dyed  two  colours  at  tbe  same  time.  All 
those  colours  to  which  the  dyers  give  the  name  of  compound, 
arc  in  fact  two  different  colours  applied  to  the  doth  at  once. 
Thus  cloth  gets  a preen  colour,  by  being  first  dyed  blue  and 
then  yellow. 

The  colours  denominated  by  dyers,  simple,  because  they  are 


the  foundation  of  all  their  other  processes,  are  four ; namely, 
blue,  yellow,  red,  and  black.  To  these  they  usually  add  a fifth, 
under  the  name  of  root,  or  brown  colour. 

To  dye  Blue.  Tbe  substances  principally  used  in  this  dye, 
are  indigo  and  woad,  with  which  every  kind  of  doth  may  be 
dyed  without  a mordant.  Indigo  is  brought  from  tbe  West 
Indies.  It  is  drawn  from  the  leaves  of  a plant  called  aniL 
lYoad  is  obtained  from  the  leaves  of  a plant,  which,  when  ripe, 
arc  gathered  and  suffered  to  lie  some  time,  and  then  put  undei 
the  wheel  to  be  bruised  or  ground;  after  this  they  are  laid 
eight  or  ten  days  in  piles  or  heaps  ; and  at  last  mode  up  into 
halls,  which  are  laid  in  the  shade,  on  hurdles,  to  dry.  Tho 
balls  are  then  pulverised,  spread  upon  the  ground,  and  watered : 
it  smokes  and  heats  till  it  becomes  dry;  it  is  then  fit  for  use. 
The  ancient  Britons  dyed  their  bodies  with  this  substimcr. 
Woad-blue  is  a very  deep  blue,  almost  black;  and  is  the  base 
of  so  many  sorts  of  colours,  that  the  dyers  hare  a scale  by 
which  they  compose  the  different  casts,  or  degrees  of  woad. 

Process.  When  wool,  cotton,  or  silk  is  intended  to  be  died, 
the  cloth  is  first  wetted  with  hot  water  and  wrung  out ; then  it 
is  immersed  in  a clear  dye-liquor,  and  remains  therein  accord- 
ing to  the  shade  wished  for ; it  comes  out  green,  but  soon  turns 
blue  on  being  exposed  to  the  air.  fatten  intended  to  be  dyed 
blue  is  first  passed  through  water  containing  sulphutic  acid. 
Silk  is  dyed  a light  blue  by  a ferment  of  six  parts  of  bran,  six 
of  indigo,  six  of  potash,  and  one  of  madder.  But  cutton  and 
linen  are  dyed  blue  by  a solution  of  one  part  of  indigo,  one  of 
green  sulphate,  and  two  parts  of  quick-lime. 

Mr.  Richard  Bndnall,  of  Lrek,  in  Staffordshire,  silk  manu- 
facturer, has  taken  out  a patent  for  improvements  in  the  appli- 
cation of  Prussian  bine  to  the  purposes  of  dyeing  silk,  cotton, 
wool,  or  any  other  article ; and,  in  the  application  of  pressure 
to  dyeing  in  general. 

The  Prussian  blue  being  previously  ground  as  fine  as  pos- 
sible, is  put  into  any  convenient  vessel  of  glass  or  earthenware. 
Strong  muriatic  acid  is  to  be  poured  upon  it  a little  at  a time ; 
and  the  mass  is  to  be  kept  constantly  stirred,  with  a rod  of 
white  wood,  a piece  of  tobacco  pipe,  or  any  other  material  not 
liable  to  be  noted  upon  by  the  acid.  The  stirring  must  be  con- 
tinued till  the  mixture  has  become  a smooth  homogeneous  mass 
of  a semi-gelatinous  consistence.  The  proportion  of  ncid  re- 
quisite for  this  purpose  depends,  in  some  degree,  on  the  quality 
of  the  Prussian  blue,  and,  therefore,  cannot  be  precisely  set 
forth  in  words;  but,  by  proceeding  carefully,  as  above  de- 
scribed, it  is  impossible  to  fall  into  error;  as  the  mixture,  if 
made  too  thin  from  excess  of  acid,  may  be  rectified  by  the  sub- 
sequent addition  of  more  Prussian  blue.  This  mixture  may  ho 
used  as  soon  ns  made;  but  it  is  better  after  three  or  four  dnys, 
and  its  qualities  are  not  altered  by  age.  In  dyeing  silk  with  the 
Prussian  blue,  prepared  as  above,  Mr.  B.  proceeds  iu  tl.c 
following  manner: 

“The  gum  having  been  discharged  from  the  silk  by  airy  of  the 
usual  means,  the  silk  is  steeped,  for  three  or  four  hours,  in  a 
cold  solution  of  atum  in  water,  of  the  common  strength  em- 
ployed by  silk  dyers  ; and  then  rinsed  in  cold  water. 

“ The  dye  vat  is  composed  by  diluting  the  prepared  Prussian 
blue  with  cold  water,  till  its  colour  is  of  the  required  depth, 
according  to  the  particular  lint  intruded  to  be  given  to  the  silk. 
Tbe  silk,  prepared  as  above,  is  then  to  be  put  on  sticks,  and 
immersed  in  the  bath,  taking  care  that  it  be  constantly  turned, 
that  the  colour  may  be  perfectly  level,  and  that  it  remain  in 
the  bath  till  it  has  acquired  the  proper  tint  or  shade.  It  is 
then  to  be  well  washed  in  running  water  till  it  ceases  to  be  dis- 
coloured by  it.  Lastly,  the  silk  is  to  be  dried,  either  in  the  shade, 
or  in  a stove  heated  to  not  more  than  summer  temperature. 

" From  Prussian  blue,  prepared  as  above,  various  greens  and 
purples  may  be  obtained  ; cither  by  combining  it  with  the  in- 
gredients usually  employed  for  such  colours,  and  dipping  tbe 
silk  in  this  compound  hath;  or,  by  using  the  bath  of  prepared 
Prussian  blue,  cither  before,  or  after  the  application  of  the 
other  ingredients,  according  to  circumstances,  ami  to  the 
nature  of  such  ingredients.  The  proportion,  however,  it  is  not 
necessary  to  recite:  the  object  of  this  part  of  the  patent  being 
merely  by  a new  mode  of  preparing  Prussian  blue,  to  dye  silk, 
cotton,  wool,  or  any  other  article,  either  alone,  or  mixed  apd 
combined  with  other  dyeing  materials. 
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14  Tbe  second  invention  is  the  application  of  pressure  to  dye- 
ing in  general,  whether  it  be  that  of  thick  cloths,  hats,  woods 
lor  veneering,  or  any  other  purpose  ; or  any  other  or  more  deli- 
cate materials,  such  as  linen,  cotton,  or  silk  goods,  lace,  Itc. 
For  this  purpose,  tbe  materials  to  be  dyed  are  to  be  placed, 
with  the  dyeing  liquor,  in  any  suitable  vessel  of  wood,  copper, 
iron,  or  other  material;  the  aperture  of  which  vessel  can  be 
secured  water-tight,  by  a lid  fitted  to  it  by  any  suitable  and 
well-known  means.  To  ibis  vessel  is  to  be  fitted  a hydrostatic 
pressure-pump,  (as  Bramah’s,  for  example,)  or  any  other  ma- 
chinery employed  for  the  purpose  of  producing  high  pressure; 
such  as  a column  of  w ater  or  mercury  of  sufficient  height,  fee. 
All  things  being  thus  adjusted,  the  lid  is  to  be  fitted  securely 
on,  and  the  pump  worked,  until  the  necessary  pressure  is  ob- 
tained ; when  it  is  evident,  that  if  the  goods  are  put  in  dry,  or 
well  wrung,  the  pressure  thus  produced  will  greatly  facilitate 
the  introduction  of  the  dyeing  liquor  within  tbe  internal  pores, 
particuiaily  in  heavy  cloth  goods,  hats,  woods,  hard  twisted 
silk,  or  lace;  and,  if  necessary,  suitable  mechanical  means 
may  be  employed  to  agitate  and  wring  the  goods  while  under 
pressure:  but  this  is  not  claimed  exclusively,  bat  only  the 
application  of  pressure  to  the  forcing  of  the  dyeing  liquor  into 
the  pores  of  tbe  cloths,  hats,  silk,  woods,  8tc. ; or  the  joint 
application  of  pressure,  with  suitable  means  for  producing 
agitation,  &c.  8a*.” 

To  rfyr  Red.  The  process  of  dyeing  red  requires  a peculiar 
preparation  of  the  studs,  on  the  exactness  of  which  the  good- 
ness and  permaaency  of  the  colour  depend.  These  preparatory 
ingredients  consist  of  alum,  tartar,  nitric  acid,  or  a solution  of 
tin  in  nitric  acid.  Galls  and  alkaline  salts  are  also  sometimes 
added.  The  Cortkam us  Tinetorius  plant,  a native  of  Egypt  and 
the  Lovant,  gives  a poppy,  cherry  and  rose-red,  and  flesh 
colour  to  silk,  and  is  also  employed  in  making  rouge.  This 
last  is  made  by  precipitating  with  lemon  juice  the  red  colour- 
ing matter  extracted  by  carbonate  of  soda.  Madder  is  the  root 
of  a plant  called  ruhu i tinrtoriurn.  Alum  and  tartar  are  em- 
ployed in  the  preparation  of  the  ingredients  for  this  red.  CbeAt- 
tual  consists  of  an  insect  which  is  collected  round  the  Indian 
fig-tree,  and  is  found  abundant  in  South  America.  Kcrmea,  an 
insect  about  the  size  of  a juniper  berry,  round,  smooth,  and 
glossy,  is  of  a beautiful  red  colour,  and  full  of  a iuicc  of  the 
same  dye.  It  is  found  adhering  to  the  bark,  on  tbe  stem  and 
the  branches  of  a small  oak,  growing  in  Spain,  Languedoc,  and 
other  countries.  This  colour  is  the  most  permanent,  but  the 
least  bright;  it  is  apt  also  to  be  less  spotted  than  the  others; 
but,  on  account  of  tbe  difficulty  of  procuring  the  insects  which 
afford  the  colour,  it  is  very  seldom  used  in  Britain.  Logwood 
and  Brazil-wood  are  also  used  for  red  dyes,  but  the  colour  is 
not  durable.  The  latter  grows  in  the  warmest  parts  of  South 
America.  Logwood  is  found  in  the  Bay  of  Cam  peachy.  Alcohol 
best  extracts  the  colouring  matter  of  the  logwood. 

Of  dyeing  YtUow.  The  principal  colouring  matters  for  dye- 
ing yellow  arc  weld,  fnstic,  and  quercitron  bark.  Weld  is  a 
plant,  which  grows  wild  in  barren  and  uncultivated  places,  par- 
ticularly on  coal-pit  banks,  in  several  parts  of  England.  Fustic 
is  the  wood  of  a large  tree  which  grows  in  tbe  West  Indies. 
Quorciuon  is  a tree  growing  naturally  in  North  America,  the 
bark  of  which  contains  colouring  matter.  Yellow  colouring 
matters  hare  loo  weak  an  affinity  for  cloth,  to  produce  per- 
manent colours  without  the  use  of  mordants.  Cloth,  therefore, 
before  it  he  dyed  yellow,  is  always  prepared  by  combining 
some  mordant  or  other  with  it,  as  alumine  or  oxyde  of  tin.  Tan 
is  often  employed  as  a subsidiary  to  alumine,  and  in  order  to 
fix  it  more  copiously  on  cotton  and  linen.  Tartar  is  also  used 
to  brighten  the  colour;  and  muriate  of  soda,  sulphate  of  lime, 
and  even  sulphate  of  iron,  to  render  the  shade  deeper.  The 

ellow  dyed  by  means  of  fustic  is  more  permanent,  but  not  so 

eautiful  as  that  by  weld  or  quercitron.  As  it  is  permanent, 
and  not  much  injured  by  acids,  it  is  used  in  dyeing  compound 
colours,  where  yellow  is  required.  The  mordant  is  alumine. 
When  the  mordant  is  oxyde  of  iron,  fustic  dyes  a permanent 
drab  colour.  Weld  and  quercitron  baric  yield  nearly  the  same 
colour ; but  as  the  bark  yields  colouring  matter  in  much  greater 
abundance,  it  is  more  convenient,  and  cheaper  than  weld.  The 
method  of  using  each  of  the  dye-stuffs  is  nearly  the  same. 

To  dye  Wool  Yellow.  Boil  the  wool  for  an  hour  with  about 
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one-sixth  of  its  weight  of  alum,  dissolved  in  water.  Then 
plunge  it,  without  being  rinsed,  into  a bath  of  warm  water, 
containing  as  much  quercitron  bark  us  equals  the  weight  of  the 
alum  employed  ns  a mordant.  The  cloth  is  now  turned  through 
the  boiling  liquid,  till  it  has  acquired  the  intended  colour 
Then  a quantity  of  clean  powdered  chalk,  equal  to  ^ part  of 
the  weight  of  the  cloth,  is  stirred  in,  and  the  operation  of  dye- 
ing continued  for  eight  or  ten  minutes  longer.  By  this  method 
a pretty  deep  and  lively  yellow  may  be  given  fully  as  perma- 
nent as  weld  yellow.  For  very  bright  orange  yellow,  it  is 
necessary  to  have  recourse  to  the  oxyde  of  tin  «s  a mordant; 
and  to  produce  bright  golden  yellows,  some  alum  must  be 
added  along  with  the  tin.  But  to  give  the  yellow  a delicate 
green  shade  much  admired,  tartar  must  be  added  in  different 
proportions,  according  to  the  shade.  And  by  adding  a small 
proportion  of  cochineal,  the  colour  may  be  raised  to  a fine 
orange,  or  even  an  aurora. 

Silk  may  be  dyed  different  shades  of  yellow,  either  by  weld 
or  quercitron  bark,  but  the  last  is  the  cheapest  of  the  two.  The 
proportion  sbonid  bo  from  one  to  two  parts  of  bark  lo  twelve 
parts  of  silk,  according  to  the  shade.  The  bark,  tied  up  in  a 
bag,  should  be  put  into  the  dyeing  vessel,  while  the  water 
which  it  contains  is  cold  ; and  when  it  has  acquired  the  beat  of 
about  100  degrees,  the  silk,  having  bccu  previously  alumed, 
should  be  dipped  in,  and  continued  till  it  assumes  the  wished- 
for  colour.  When  tbe  shade  is  required  to  be  deep,  a little 
chalk  or  pearl-ash  should  be  added  towards  the  cud  of  the 
operation. 

Cotton  and  Linen  arc  dyed  yellow,  thus : the  mordant  acctitc 
of  alumine  is  prepared  by  dissolving  one  part  of  acelile  of 
lead,  and  three  parts  of  alum,  iu  a sufficient  quantity  of  water. 
In  this  solution,  heated  to  tbe  temperature  of  100  degrees,  the 
cloth  is  soaked  for  two  hours,  then  wrung  out  and  dried.  The 
soaking  may  be  repeated,  and  the  cloth  again  dried  as  before. 
It  is  then  to  be  barely  wetted  with  lime  water,  and  afterwards 
dried.  The  soakiug  in  the  acctitc  of  alumine  may  be  again  re- 
peated, and  if  the  shade  of  yellow  is  required  lo  be  very  bright 
and  durable,  the  alternate  wetting  with  lime  water  and  soak 
iog  in  the  mordant  may  be  repeated  three  or  four  times.  By 
this  contrivance,  a sufficient  quantity  of  alumine  is  combined 
with  the  cloth,  and  the  combination  is  rendered  permanent  by 
the  addition  of  lime.  The  dyeing  hath  is  prepared  by  putting 
12  or  18  parts  of  qaercitrou  bark  (according  to  the  depth  of  the 
shade  required)  tied  up  in  a hag.  into  a sufficient  quantity  of 
cold  water.  Into  this  bath  the  cloth  is  put,  and  turned  round 
in  it  for  an  hour,  w hile  its  temperature  is  gradually  raised  to 
120  degrees ; it  must  he  then  brought  lo  a boiling  heat,  and 
after  that,  the  cloth  allowed  to  remaiu  in  it  only  a few  minutes. 
If  it  be  kept  long  at  a boiling  heat,  the  yellow  acquire*  a brown 
shade.  Nankeen  yellow  is  obtained  by  a solution  of  the  red 
sulphate  of  iron,  which  is  combined  with  the  cloth  by  carbouate 
of  potash. 

To  due  Fawn  Colour.  Tbe  process  of  dyeing  this  colour 
differs  from  others,  the  wool  merely  requiring  a simple  immer- 
sion in  water.  Various  substances  arc  used  for  dyeing  brown 
or  fawn  colour.  1.  The  bark  or  rind  of  tbe  walnut  tree.  Its 
shades  are  uncommonly  fine  ; its  colours  solid  ; and  it  renders 
the  wool  flexible  and  soft.  A cauldron  half  full  of  water  is 
placed  over  the  fire  ; as  soon  as  it  grows  warm,  hark  is  added 
In  proportion  to  tbe  quantity  of  stuffs  intended  to  be  dyed,  and 
the  lightness  or  depth  of  the  shades  required.  It  is  then  boiled 
for  a quarter  of  an  hour,  when  the  cloths,  previously  moistened 
with  warm  water,  are  immersed,  frequently  turned,  and  well 
stirred,  till  they  have  sufficiently  imbibed  the  colour.  They  are 
then  dried  and  dressed  in  the  usual  manner.  The  reel  of  the 
walnut-tree  is  also  employed,  but  with  a different  process.  When 
the  green  walnut-shells  are  used,  they  are  collected  when  the 
nutt  are  ripe  ; and  are  put  into  casks,  which  are  afterwards 
filled  with  water,  and  thus  preserved  till  the  succeeding  year. 
The  bark  of  the  alder-tree  is  chiefly  used  for  worsted,  impart- 
ing shades  darkened  with  copperas.  It  is  also  used  for  wool 
that  is  not  required  to  be  very  dark,  as  it  equally  withstands 
the  effects  of  the  sun  and  rain.  Sanders-wood  is  much  inferior 
lo  walnut-shells ; stiffens,  and  consequently  injures  the  wool. 
It  is  in  general  mixed  with  galls.  «umach,  and  aldcr.batk.  with- 
out which  its  colour  could  not  be  extracted.  Sumach,  whero 
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dark  colours  are  required,  is  frequently  substituted  for  nut- 
■rails,  in  which  case  a greater  proportion  becomes  necessary. 
These  different  substances,  however,  are  not  unfrequenily 
mixed  together;  they  are  of  a similar  nature,  differing  only  in  a 
degree  of  colour,  and  it  is  easy  to  obtain  various  shades.  It  is 
both  solid  and  permanent.  Soot  is  only  used  when  the  other 
ingredients  cannot  be  procured.  It  is  not  only  less  solid  limn 
the  others,  but  also  hardens,  and  imparts  a very  disagreeable 
smell  to  the  wool  or  stuff. 

To  dye  Cloth  Black.  Red  oxyde  of  iron  and  tan  are  employ- 
ed ; log  is  used  as  an  auxiliary,  because  it  communicates  lus- 
tre, and  adds  to  the  fulness  of  the  black.  Cloth,  before  it  re- 
ceives a black  colour,  is  dyed  blue ; but  if  the  doth  he  coarse.  ' 
the  blue  dye  is  expensive  ; in  that  case  walnut-peel*  arc  used 
to  give  it  a brown  colour.  Wool  is  boiled  for  two  hours  in  a 
decoction  of  nut-galls,  then  kept  two  hours  more  in  a bath  of 
logwood  and  sulphate  of  iron,  at  a scalding  heat,  but  not 
boiled.  It  most  be  frequently  exposed  to  the  air  during  the 
process,  to  imbibe  oxygen  before  the  clu*h  can  acquire  a pro. 
per  colour.  Silk  is  dyed  nearly  in  the  same  manner,  but  as  it 
is  capable  of  combining  with  a great  deal  of  tan,  the  quantity 
given  is  varied  at  the  pleasure  of  the  artist,  by  allowing  the 
silk  to  remain  a longer  or  shorter  time  in  the  decoction.  Linen 
and  Cotton  previously  dyed  blue,  are  steeped  for  twenty-four 
boars  in  a decoction  of  nut-galls,  mixed  with  a decoction  of 
alder-bark.  A bath  is  prepared,  containing  an  acetite  of  iron. 
Into  this  bath  the  cloth  is  put  in  small  quantities  at  a time, 
wrought  with  the  hand  for  a quarter  of  an  hour,  wrung  out, 
and  aired  again;  then  wrought  in  a fresh  quantity  of  the  hath, 
and  afterwards  aired.  These  processes  are  repeated  till  the 
requisite  colour  has  been  given  to  the  elotb. 

Of  dyeing  Compound  Colour *,  which  are  produced  by  mixing 
two  simple  colours  together;  or,  by  dyeing  cloth  first  one  sim- 
ple colour,  and  then  another.  These  colours  vary  to  infinity, 
according  to  the  proportions  of  the  ingredients  employed,  and 
may  bo  arranged  under  the  following  classes.  Mixtures  of,  1. 
Blue  and  yellow.  2.  Blue  and  red.  3.  Yellow  and  red.  4. 
Black  and  other  colours. 

Mixtures  of^/ue  and  yellow  form  green,  which  is  distinguished 
by  dyers  into  a variety  of  shades,  according  to  the  depth  of  the 
■hade,  or  the  prevalence  of  either  of  the  component  parts. 
Thus  we  have  tea-green,  grate  green,  pea-grren,  he.  Wool,  silk, 
and  linen,  are  usually  dyed  green,  by  giving  them  first  a blue 
colour,  and  afterwards  dyeing  them  yellow;  because,  when  the 
yellow  is  first  given,  several  inconveniences  follow  : the  yellow 
partly  separates  again  in  the  blue  vat,  and  cotnmunicatrs  a 
green  colour  to  it,  and  thus  renders  it  useless  for  every  other 
purpose,  except  dyeing  green.  Any  of  the  usual  processes  for 
dyeing  blue  and  yellow  may  be  followed,  taking  care  to  pro- 
rtion  tbo  depth  of  the  shades  to  that  of  the  green  required, 
hen  sulphate  of  indigo  is  employed,  it  is  usual  to  mix  all  the 
ingredients  together,  and  to  dye  the  cloth  at  once ; this  pro- 
duces what  is  known  by  the  name  of  AWxow  or  Knglish  green. 

Mixtures  of  blue  and  red  form  different  shades  of  violet,  pur- 


ple, and  lilac.  Wool  is  generally  first  dyed  blue,  and  after- 
wards scarlet,  in  the  usual  manner.  If  cochineal  be  mixed 
w ith  sulphate  of  indigo,  the  process  may  be  performed  at  oner. 
Silk  is  first  dyed  crimson  by  means  of  cochiueal,  and  then 
dipped  into  the  indigo  vat.  Cotton  and  linen  are  first  dyed 
blue,  then  galled,  and  soaked  in  a decoction  of  logwood  ; but  a 
more  permanent  colour  is  given  by  the  oxyde  of  iron. 

Mixtures  of  yjltosr  and  red  produce  or  a nyr.  When  blue  is 
combined  with  red  and  yellow  on  cloth,  the  resulting  colour  is 
oliee.  Wool  may  be  dyed  orange,  by  first  dyeing  it  scarlet,  and 
then  yellow.  When  it  is  dyed  first  with  madder,  the  result  is 
cinnamon  colour.  Silk  is  dyed  orange  by  means  of  carthamus  ; 
n cinnamon  colonr  by  logwood.  Brazil-wood,  and  fujtic  mixed 
together.  Cotton  and  linen  receive  a cinnamon  colour  ,b J 
means  ol  weld  and  madder;  and  an  olive  colour,  by  being 
passed  through  a blue,  yellow,  and  then  a madder  bath. 

Mixliire*  of  black  with  other  colours,  constitute  grays,  drabs , 
and  browns.  If  cloth  be  previously  combined  with  brown 
oxyde  of  iron,  and  afterwards  dyed  yellow  with  quercitron 
hark,  the  result  will  be  a drab  of  different  shades,  according  to 
the  proportion  of  mordant  employed.  When  the  proportion  is 
small,  the  colour  inclines  to  olive  or  yellow  ; on  the  contrary, 
the  drab  may  be  deepened  or  saddened,  as  the  dyers  term  it, 
by  mixing  a little  sumach  with  the  bark. 

DYKES.  That  the  surface  of  the  earth  has  been  fractured 
since  its  consolidation,  is  proved  by  the  appearances  which 
rocks  and  strata  in  many  situations  present  It  is  farther 
proved  by  the  existence  of  vertical  scams  intersecting  them, 
and  filled  with  mineral  matter  of  a different  kind.  When  the 
substance  found  in  these  vertical  seams  is  stone  or  earth,  and 
they  are  of  considerable  thickness,  they  are  called  dykes  or 
faults.  When  filled  with  metallic  ores,  they  are  generally 
called  rerar. 

DYNAMICS,  is  the  science  of  moving  powers,  or  of  the 
action  of  forces  on  solid  bodies,  when  the  result  of  that  action 
is  motion.  Mechanics,  in  its  most  extensive  meaning,  is  the 
science  which  treats  of  quantity,  of  extension,  and  of  motion. 
Now  that  branch  of  it  which  considers  the  state  of  solids  at 
rest,  such  as  their  equilibrium,  their  weight,  pressure,  See.  is 
called  Statics ; and  that  which  treats  of  their  motion.  Dynamics. 
So  when  fluids,  instead  of  solids,  are  the  subjects  of  investiga- 
tion, that  branch  which  treats  of  their  cauifibrium,  pressure. 
See.  is  called  Hydrostatics,  and  that  which  treats  of  their 
motion.  Hydrodynamics. 

DYSENTERY,  in  Medicine,  a flax  or  flatulency  of  the 
bowels,  occasioned  by  stoppage  of  perspiration,  especially  in 
hot  weather,  unwholesome  food,  damp  clothes,  &c.  The  most 
proper  treatment  is  by  taking  a gentle  vomit,  followed  by 
rhubarb,  or  ten  drachms  of  Glauber's  salts. 

DYS PERSY,  a difficulty  of  digestion,  for  which  physicians 
prescribe  bitters. 

DYSPNCEA,  a difficulty  of  breathing,  usually  called  asthma. 

DYTISCUS,  the  Water  Beetle,  in  Zoology , a genus  of  insects 
of  the  order  coleoptera,  of  which  there  are  23  species. 


E. 

BAR  BAR 


E,  the  fifth  letter  in  the  alphabet,  as  a numeral,  stands  for 
260.  In  Music,  it  denotes  the  tone  e-la-mi.  In  the  Calendar, 
it  is  the  fifth  of  the  dominical  letters.  And  in  Sea-charts,  it 
distinguishes  all  the  easterly  points. 

EAR,  At'Rts,  in  Anatomy,  the  organ  of  hearing. 

EAR1NG8,  are  certain  small  ropes  employed  to  fasten  the 
upper  corners  of  a sail  to  its  respective  yard,  for  which  purpose 
one  end  of  the  earing  is  spliced  to  the  cringle  fixed  in  that  part 
of  the  sail,  and  the  other  end  is  passed  five  or  six  times  round 
the  yard-arm  and  through  ihe  cringle  ; the  two  first  turns,  which 
are  intended  to  stretch  the  head  of  the  sail  tight  along  the  yard, 
are  passed  beyond  the  lift  and  rigging  on  the  yard-arm,  and  arc 
called  outer  turns,  while  the  rest  which  draw  it  dose  up  to  the 


yard,  and  arc  passed  within  the  lift,  &c.  are  called  inner  turns. 
N.  B-  Every  reef  on  a yard  has  its  respective  carings,  which 
are  passed  in  the  same  manner. 

EARL,  a British  title  of  nobility,  next  below  a marquis,  and 
above  a viscount.  Earls  were  anciently  called  comites,  because 
they  were  wont  to  wait  upon  the  king  for  counsel  and  advice. 
The  Germans  call  them  graves,  as  landgrave,  margrave,  pals- 
grave, rbeingravc ; the  Saxons,  ealdernien ; the  Danes,  eorlas ; 
and  the  English,  carls.  The  title,  originally,  died  with  the 
man.  William  the  Conqueror  first  made  it  hereditary,  giving 
it  in  fee  to  his  nobles,  and  allotting  them  for  the  support  of 
their  state  the  third  penny  out  of  the  sheriff’s  court,  issuing  out 
of  all  picas  of  the  sbirc  whence  they  bad  their  title. 


Digitized  by  Googli 


BAP 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


EAR 


251 


EARL  Marshal  or  England,  a (peat  officer  who  bad 
anciently  several  courts  under  bis  jurisdiction,  as  the  court  of 
chivalry  and  tho  court  of  honour.  Under  him  is  also  the 
herald’s  office,  or  college  of  arms.  He  has  some  pre-eminence 
in  tho  court  of  Marshalsea,  where  he  may  sit  in  judgment 
against  those  who  offend  within  the  verge  of  the  king's  court. 

EARNEST,  a part  of  the  price  paid  in  advance  to  bind  par- 
ties to  the  performance  of  a verbal  agreement.  The  party  is  j 
then  obliged  to  abide  by  his  bargain,  and  is  not  discharged 
upon  forfeiting  his  earnest,  but  may  be  sued  for  the  whole 
money  stipulated,  aud  damages  ; no  contract  for  sale  of  goods 
not  to  be  delivered  immediately,  to  the  value  of  £10  or  more,  is 
valid,  unless  contract  is  made  by  tbc  parties,  or  those  lawfully 
authorized  by  them,  or  earnest  is  given. 

EARTH,  in  Astronomy  and  Geography,  one  of  the  primary 
planets,  being  this  terraqueous  globe  which  we  inhabit.  See 
Astronomy. 

EARTHQUAKE,  a tremor  or  shaking  of  the  earth,  fre- 
quently accompanied  with  dreadful  noises  underground,  or  in 
the  atmosphere,  often  destroying  town*  and  cities,  throwing  ! 
down  rocks,  levelling  hills,  changing  the  coarse  of  rivers,  &c. 
The  most  remarkable  earthquakes  recorded  in  history  are.  that 
of  Herculaneum,  by  which  that  city  was  wholly  destroyed, 
a.  t>.  79.  The  destruction  of  Nicomedia,  Caesarea,  and  Mica, 
in  Bifhynia,  a.  o.  l42fi.  A dreadful  one  in  Syria,  by  which 
about  five  hundred  cities  were  destroyed  or  damaged  in  745. 
Catania,  in  Sicily,  destroyed,  and  15,000  perished  in  the  ruins, 
117:3.  Port  Royal,  in  Jamaica,  with  5000  inhabitants,  over- 
whelmed in  1692.  Messina,  in  Sicily,  destroyed,  and  above 
18,000  persons  killed,  1683.  Lima  and  Callao,  in  South  Ame- 
rica. destroy  ed,  and  90,000  persons,  1740.  A dreadful  one  at 
Lisbon,  in  which  above  10,000  of  the  inhabitants  perished,  1756. 
This  earthquake  extended  to  Spain,  Morocco,  Constantinople, 
France,  and  England.  The  year  1783  was  rendered  remarkable 
by  the  destruction  of  the  two  Calabrias  and  part  of  Sicily  ; hot 
this  was  only  the  beginning  of  a succession  of  fatal  earth- 
quakes, which  continued  to  spread  desolation  over  that  part  of 
the  world  for  the  space  of  two  years.— The  list  of  these  awful 
visitations  of  Providence  might  be  easily  enlarged,  but  we 
•hall  close  the  enumeration  by  mentioning  two  of  recent 
occurrence: — viz.  the  dreadful  earthquake  of  the  Caraccas,  in 
South  America,  in  1812.  by  which  several  cities  and  towns 
were  ruined,  or  greatly  injured,  and  many  thousands  of  their 
inhabitants  destroyed  ; — and  that  of  Aleppo,  Antiocb,  and  the 
surrounding  country,  in  1822,  by  which  20,000  persons  perished, 
and  as  many  were  maimed  and  wounded. 

EARTHS.  The  stony  or  pulverulent  masses,  which  are  the 
ohief  component  parts  of  the  mountains,  valleys,  and  plains  of 
onr  globe,  consist  of  a few  substancos  called  earths,  as  barytes, 
strontites,  lime,  silica,  magnesia,  alumina  or  clay,  glucine, 
zirconia,  yttria,  and  thorioa.  They  arc  incombustible  but  very 
little  soluble  in  water  or  alcohol ; have  little  or  no  tasto ; their 
specific  gravity  less  than  most  of  the  metals:  when  pure,  they 
assume  the  form  of  a white  powder;  infusible,  capable  of  com- 
bining with  the  acids,  insipid  to  the  taste,  disposed  to  unite 
with  the  alkalies,  sulphur,  or  phosphorus,  and  each  other,  either 
by  fusion  or  solution  in  water.  The  class  of  earths  will  always 
be  of  important  consideration  with  mankind.  It  is  not  unlikely 
that  hereafter  the  other  earths  may  be  decomposed,  and  found 
to  be  oxides  in  like  manner. 

Earths,  in  Chemistry,  are  all  those  stones  which  we  tread 
under  foot,  but  which  consist  of  a few  elementary  principles. 
These  earths  arc  silex,  alumine,  magnesia,  glucine,  yttria,  and 
siroon,  which,  when  freed  from  foreign  matters,  arc  generally 
of  a white  colour,  insoluble  in  water,  incombustible,  and  not 
four  times  the  specific  gravity  of  water. 

Silex,  or  Siliceous  Earth,  is  the  basis  of  all  substances  known 
hy  the  name  of  quartz  and  silex.  It  has  never  been  found 
pure  in  a stale  of  nature,  but  in  combination  with  other  sub- 
stances, it  abounds  in  almost  every  country  of  the  glube. 
Common  (lint  contains  ninety-seven  parts  out  of  a hundred 
of  silex,  it  consequently  has  given  its  name  to  this  earth, 
■ilex  being  the  Latin  word  for  flint.  When  purified  it  is  a 
white  powder,  the  particles  of  which  are  harsh  to  the  touch,  as 
if  they  consisted  of  very  minntc  grains  of  sand.  It  is  not 
quite  three  times  as  heavy  as  water,  and  has  neither  taste  nor 


smell.  Water  will  not  dissolve  it,  nor  any  kind  of  acid,  except 
fluoric.  Sir  H.  Davy  has  discovered  it  to  have  a metallic 
basis,  to  which  he  has  given  the  name  of  ri/irtwm.  Silex  has 
various  uses  in  the  arts,  and  is  one  of  the  most  valuable  sub- 
stances we  are  acquainted  with.  In  various  states  of  combina- 
tion it  is  employed  in  the  making  of  roads,  as  an  ingredient  ia 
glass,  for  making  chemical  furnaces  and  utensils,  in  the  manu- 
facture of  pastes  or  artificial  gems,  and  for  innumerable  other 
useful  purposes. 

Alumine,  is  a kind  of  earth,  so  called  from  its  forming  the 
basis  of  alum.  It  is  very  soft,  compact,  aud  tenacious,  about 
twice  the  weight  of  water,  and  when  breathed  upon,  has  a smell 
which  is  peculiar  to  all  clayey  productions.  In  the  fire  it 
shrinks,  and  becomes  so  hard  as  even  to  strike  fire  with  st<f$l. 
It  readily  absorbs  water,  aud  is  dissolved  by  most  acids. 
Some  writers  state,  that  pure  alumine  has  been  discovered  in 
a native  state  near  Halle,  in  Germany.  It  is  found  in  a crys- 
tallized form,  and  nearly  in  a state  of  purity,  in  the  Oriental 
ruby  and  sapphire.  From  the  different  combinations  of  alumine 
arc  made  all  kinds  of  earthenware.  To  the  dyer  and  the 
calico-printer  it  is  an  article  of  indispensable  neeessity  ; and 
fullers  aud  scourers  of  cloth  employ  it  with  great  advantage  in 
their  respective  operations. 

Zircon,  when  freed  from  those  substances  with  which  it  is 
combined,  is  a white  and  somewhat  rough  powder,  insipid  to 
the  taste,  insoluble  in  water,  and  about  four  times  as  heavy  as 
that  fluid.  It  is  found  ia  the  two  kinds  of  precious  stone 
called  jargnon  and  hyacinth,  and  bas  not  hitherto  been  applied 
to  any  useful  purpose. 

Glucine,  is  a kind  of  earth  of  peculiar  nature  which  is  found 
in  the  emerald  and  beryl,  and  when  purified  forms  a soft, 
light,  and  white  powder,  without  smell,  and  of  a sweetish  taste. 
To  the  last  of  these  qualities  it  is  indebted  for  its  name,  which 
is  derived  from  a Greek  word  signifying  sweet  It  is  some- 
what unctuous  to  the  touch,  and  about  three  times  as  heavy  as 
water.  The  uses  of  this  earth,  whatever  they  may  be,  are  not 
known. 

Yttria,  is  an  earth  which,  amongst  other  particulars,  differs 
from  glucine  by  its  weight,  since  it  is  nearly  five  times  heavier 
than  water.  In  a natural  state  it  occurs  as  the  basis  of  a 
black  Swedish  mineral,  called  gadolinite.  When  cleansed  by 
chemical  process  from  all  its  imparities,  it  is  a fine,  white,  and 
inodorous  powder. 

Barytes,  is  a white,  porous,  and  very  heavy  earth,  which  can 
only  be  obuUued  pure  by  chemical  process.  It  is  easily 
reduced  to  powder,  and  is  soluble  in  all  kinds  of  acids.  To  the 
taste  it  is  very  harsh  and  caustic,  and  if  taken  into  the  stomach 
proves  an  extremely  virulent  poison.  In  some  respects  it 
j^rees  with  the  alkalies,  particularly  in  its  property  of  chang- 
ing blue  vegetable  colours  to  fereen,  and  in  corroding  like  them, 
though  with  less  energy,  all  kinds  of  animal  substances.  From 
these  circumstances  it  has  sometimes  been  denominated  an 
aikalino  earth.  Saturated  with  sulphuric  and  carbonic  acid,  it 
constitutes  the  minerals  denominated  sulphate  and  carbonato 
of  barytes.  It  has  been  discovered  to  have  a metallic  base, 
which  is  called  barium. 

Strontian,  is  an  earth  which,  like  barytes,  is  not  fonnd  other- 
wise than  in  combination  with  sulphuric  and  carbonic  acids. 
It  occurs  io  great  abundance  in  different  parts  of  the  world, 
and  when  purified,  forms  a porous  mass,  of  grayish  white  colour, 
acrid  taste,  and  somewhat  alkaline  nature.  This  earth  con- 
verts vegetable  blue  colours  to  green,  but  does  not  act  so 
stronglv  on  animal  bodies  as  barytes,  noT  is  it  poisonous  like 
that  substance. 

Lime,  the  basis  of  all  those  substances  which  are  denomi- 
nated calcareous,  is  only  to  be  obtained  in  a state  of  purity  by 
artificial  process.  Combined  with  carbonic  acid,  it  forms 
limestone,  chalk,  and  marble ; but  correctly  speaking,  none  of 
these  substances  are  lime,  though  they  are  all  capable  of  being 
converted  into  such  by  burning.  Lime  may  also  be  obtained 
from  oyster  and  other  sea  shells.  When  pure,  it  is  of  a white 
colour,  and  moderately  hard  substance,  though  easily  reducible 
to  powder.  Its  taste  is  burning  and  acrid,  and,  like  the  alka- 
lies, it  changes  vegetable  blue  colours  to  green.  It  has  like- 
wise the  property  of  corroding  and  destroying  animal  sub- 
stances. Lime,  when  pure,  absorbs  water  with  great  avidity. 
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becomes  hot,  and  falls  into  powder.  Even  merely  exposed  to 
the  open  air,  it  gradually  attracts  moisture,  and  assumes  a 
powdery  form  ; soon  after  which  it  becomes  saturated  with  car- 
bonic acid  from  the  atmosphere,  and  is  thereby  again  converted 
into  carbonate  of  lime.  It  occurs  abundantly  in  almost  every 
country,  but  always  in  combination  with  some  acid, — carbonic, 
sulphurio,  boracic,  fluoric,  or  phosphate.  This  substance  has 
a metallic  basis,  which  has  been  denominated  calcium.  The 
particular  uses  of  lime  will  be  hereafter  detailed. 

Magnetic,  is  a light  and  perfectly  white  kind  of  earth,  of 
soft  powdery  appearance,  without  taste  or  smell,  and  some- 
what more  than  twice  as  heavy  as  water.  It  is  not  found  in 
this  pure  state  in  nature,  but  may  be  prepared  from  Epsom 
salt,  which  consists  of  magnesia  in  anion  with  sulphuric  acid. 
The  slightly  acrid  taste  oWer tabic  in  the  magnesia  used  in 
medicine,  arises  from  a portion  of  lime  which  it  contains. 
This  substance  does  not  dissolve  in  water,  but  is  soluble  in 
every  kind  of  acid.  It  has  the  properly  of  changing  delicate 
blue  colours  to  green. 

EASE  the  Ship,  the  command  given  to  the  steersman  to 

f)ut  the  helm  close  to  the  Ice-side.  or.  in  the  sea  phrase,  hard-a- 
ce, when  the  ship  is  expcclcd  to  pilrh  or  plunge  her  fore  part 
deep  in  the  water,  while  close-hauled.  The  reason  usually 
given  for  this  practice  is,  that  the  sudden  movement  of  the 
helm  prevents  the  ship’s  head  from  falling  with  so  much  weight 
and  rapidity  into  the  hollow  of  the  sea,  as  it  would  otherwise  do  ; 
which  is  presuming,  that  the  slow  and  uncertain  effect  of  the 
helm  is  sufficient  to  retard  the  certain  and  violent  action  of 
gravity,  a position  that  necessarily  infers  aver?  singular  theory 
of  mechanics.  We  shall  not  endeavour  to  advance  any  argu- 
ment in  favour  of  this  practice,  only  to  remark,  that  it  is  most 
religiously  observed  both  in  merchant  ships  and  his  majesty’s 
navy. 

EASTER,  a Festival  of  the  Christian  cborcb,  observed  in 
memory  of  our  Saviour’s  resurrection.  The  Asiatic  churches 
kept  their  Easter  on  the  same  days  the  Jow#  observed  their 
p&ssover;  and  othcra,  on  the  first  Sunday  after  the  first  full 
moon  in  the  new  year.  This  controversy  was  determined  in 
the  council  of  Nice,  when  it  was  ordained,  that  Easter  should 
be  kept  on  one  and  the  same  day,  which  should  always  be  a 
Sunday.  But  though  the  Christian  churches  differed  as  to  the 
time  of  celebrating  Easter,  all  agreed  in  shewing  particular 
respect  to  this  festival. 

EAU- DE-LUCE,  a volatile  preparation,  thus  made:  ten  or 
twelve  grains  of  white  soap  are  dissolved  in  four  ounces  of 
rectified  spirit  of  wine,  after  which  the  solution  is  strained,  and 
a drachm  of  rectified  oil  of  amber  is  added,  and  the  whole  is 
filtrated.  Afterwards  some  strong  volatile  spirit  of  sal  ammo- 
nia should  be  mixed  with  the  solution. 

EAVES,  in  Architecture,  the  margin  or  edge  of  the  roof  of 
a house,  being  the  lowest  tiles,  slates,  or  thatch,  that  hang  over 
the  walls,  to  throw  off  the  water  at  some  six  or  nine  inches 
from  the  wall. 

EBB,  the  reflux  of  the  tide,  or  the  retorn  of  it  back  from  the 
highest  of  the  flood,  usually  termed  full  sea,  or  high  water. 

BBENUS,  the  Ebony  Tree,  a genus  of  the  decandria  order, 
in  the  diadelphia  class  of  plants,  and  in  the  natural  method 
ranking  under  thc32d  order,  papilionacese.  There  arc  two  spe- 
cies. 1.  The  crctica.  a native  of  Crete  and  other  islands  in  the 
Archipelago,  rises  with  a shrubby  stalk  three  or  four  feet  high, 
which  puts  out  several  side  branches  with  hoary  leaves  at  each 
joint,  composed  of  five  narrow  spear-shaped  lobes,  which  join 
at  their  tails  to  the  foot-stalk,  and  spread  like  the  fingers  of  a 
hand.  The  branches  are  terminated  by  spikes  of  purple  flow- 
ers. 2.  The  pinnata,  a biennial,  and  also  a native  of  the 
Levant,  constitutes  the  genus  ebenus  of  botanists ; but  that 
which  is  called  ebony  wood,  and  which  is  brought  from  the 
Indies,  is  bard  and  heavy,  susceptible  of  a fine  polish,  and  on 
that  account  is  used  in  inlaid  works,  Ac. ; the  most  usual 
ebonies  are  black,  red,  and  green,  which  come  from  Madagas- 
car and  the  island  of  St.  Maurice.  Black  ebony,  preferred 
to  the  others,  is  now  much  less  used  than  formerly,  since  the 
discovery  of  so  many  ways  of  giving  other  bard  woods  a black 
colour.  The  green  ebony,  besides  Madagascar  and  St.  Mau- 
rice, grows  in  the  Isle  of  Tobago.  Of  red  ebony,  called  also 
grcoadilla,  we  know  little  more  than  the  name.  Cabinet- 


makers, in-layers,  Ac.  make  pear  tree  and  other  woods  pass 
for  ebony,  by  giving  them  a black  colour  with  a strong  decoc- 
tion of  galls,  to  which  is  added  a small  quantity  of  vilriolated 
iron. 

EBULLITION,  the  act  of  boiling  up  with  heat,  when  a fluid, 
as  water,  is  passing  off  from  a slate  of  fluidity  to  that  of  an 
uniform  gas,  in  consequence  of  the  application  of  heat,  which 
converts  the  water  into  vapour  or  steam. 

ECCENTRIC,  in  Geometry,  denotes  two  circles,  or  spheres, 
which,  though  contained  in  some  measure  within  each  othei. 
yet  have  not  the  same  centre ; and  is  thus  opposed  to  concen- 
tric, which  indicates  that  two  figures  have  a common  centre. 
In  Astronomy,  the  eccentric  place  of  a planet  is  its  place  as 
seen  from  the  son,  and  which,  when  referred  to  the  ecliptic, 
coincides  with  the  heliocentric  longitude.  And  the  eccentricity 
ot  a planet  is  the  distance  between  the  centre  and  focus  of  the 
ellipsis  in  which  it  revolves. 

ECCLESIASTICAL  COURTS,  as  the  Archdeacon's,  the 
Consistory,  the  court  of  Arches,  the  Peculiar’s,  the  Prerogattte, 
and  the  court  of  Delegates. 

ECHENKIS,  the  Remora,  in  Ichthyology,  a genus  belonging 
to  the  order  of  thoracici,  of  which  there  are  two  species.  1.  The 
remora,  or  sacking-fish.  2.  The  neuerntes  ; both  natives  of 
the  Indian  ocean.  They  were  often  found  adhering  so  strongly 
to  the  sides  of  sharks  and  other  great  fish,  as  to  be  got  off  with 
difficulty. 

ECHINUS,  in  Zt'mlogy,  the  sea  hedge-hog.  a genus  of  insects 
belonging  to  the  order  of  vermes  molluscs. 

ECHO,  a sound  reflected,  or  reverberated  from  a solid  con- 
cave body,  and  tbrnce  repeated  to  the  ear.  See  Acoustics. 

ECLECTICS,  ancient  Philosophers,  who,  without  attaching 
themselves  to  any  particular  sect,  selected  whatever  appeared 
to  them  the  best  and  most  rational  from  each. 

ECLIPSE  of  thb  Sea,  is  an  occultation  of  part  of  the  face 
of  the  sun,  occasioned  by  an  interposition  of  the  moon  between 
the  earth  and  the  sun,  consequently  alt  eclipses  of  the  sun 
happen  at  the  time  of  new  moon. 

Eclipse  of  the  Moon,  is  a privation  of  the  light  hf  the  moon, 
occasioned  by  an  interposition  of  the  earth  between  the  sun  and 
the  moon,  consequently  all  eclipses  of  the  moon  happen  at  full 
moou  ; for  it  is  only  when  the  moon  is  in  opposition,  that  it  can 
come  within  the  shadow  of  the  earth,  which  must  always  bo  on 
that  side  of  the  earth  which  is  from  the  sun.  The  earth  being 
in  the  plaoe  of  the  ecliptic,  the  centre  of  its  shadow  is  always 
in  that  plane ; if  therefore  the  moon  be  in  its  nodes,  that  is,  in 
the  plane  of  the  ecliplio,  the  shadow  of  the  earth  will  fall  upon 
it ; also,  since  this  shadow  is  of  considerable  breadth,  it  is 
partly  above  and  partly  below  the  plane  of  the  ecliptic ; if 
therefore  the  inoon  in  opposition  he  so  near  one  of  its  nodes, 
that  its  latitude  is  less  than  half  the  breadth  of  the  shadow,  it 
will  be  eclipsed.  But,  because  the  plane  of  the  moon’s  orbit 
makes  an  angle  of  more  than  five  degrees  with  the  plane  of  tbs 
ecliptic,  it  will  freqnently  have  too  much  latitude  at  its  opposi- 
tion to  come  within  the  shadow  of  the  earth. 

Now  let  S represent  the  sun,  as  in  the  figure,  m the 
moon  between  the  earth  and  the  sun,  «EGi  a portion  of  tho 


earth's  orbit,  e and ) two  places  on  the  surface  of  the  earth. 
The  dark  part  of  the  moon's  shadow  is  called  the  umbra,  and 
the  light  part  the  penumbra  ; and  it  is  evident,  tnat  if  a specta- 
tor be  situated  on  that  part  of  the  earth  where  the  umbra  falls, 
that  is  between  e and  f.  there  will  be  a total  eclipse  of  the  sun 
at  that  place : at  t and/,  in  the  penumbra,  there  will  be  a partial 
eclipse,  and  beyond  the  penumbra  there  will  he  no  eclipse.  As 
the  earth  is  not  always  at  the  same  distance  from  the  moon,  if 
an  eclipse  should  happen  when  the  earth  is  so  far  from  the 
moon  that  the  lines  F e and  C f cross  each  other  before  they 
come  to  the  earth,  a spectator  situated  on  the  earth,  in  a direct 
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line  between  the  centres  of  the  sun  nnd  moon,  w ould  see  a ring 
of  tight  round  the  daifc  body  of  the  moon,  called  an  annular 
eclipse ; when  this  happens,  there  can  be  no  total  eclipse  any 
where,  because  the  moon's  umbra  docs  not  reach  ihc  earth. 
People  situated  in  the  penumbra  will  perceive  a partial  eclipse; 
and  an  eclipse  can  never  be  annular  longer  than  1*2  minutes 
24  seconds,  nor  total  longer  than  7 minutes  68  seconds,  nor  can 
the  duration  of  an  eclipse  of  the  son  ever  exceed  two  hours. 

The  sun  being  larger  than  the  earth,  the  shadow  of  the  earth 
is  a cone,  the  base  of  which  is  on  the  surface  of  the  earth,  and 
the  moon  is  eclipsed  by  a section  of  the  earth's  shadow.  If  the 
earth  were  larger  than,  or  equal  to,  the  sun,  its  shadow  would 
either  perpetually  enlarge,  or  be  always  of  the  same  dimension  ; 
but  in  this  ease  the  superior  planets  would  sometimes  come 
within  it,  and  be  eclipsed,  which  never  happens.  Therefore, 
the  sun  is  larger  than  the  earth,  and  produces  a shadow  from 
the  earth  of  a conical  form,  which  does  not  extend  to  the  orbit 
of  Mars. 

An  eclipse  of  the  moon  is  partial,  when  only  a part  of  its 
disc  is  within  the  shadow  of  the  earth  ; it  is  total,  when  all  its 
disc  is  within  the  shadow  ; and  it  is  central,  when  the  centre  of 
the  earth's  shadow  falls  upon  the  centre  of  the  moon's  disc. 
Let  S represent  the  sun,  E CJ  the  earth,  and  m the  moon  in  the 
earth’s  umbra,  having  the  earth  between  her  and  the  sun  ; DEP 
and  IIGP  the  penumbra.  Now,  the  nearer  any  part  of  the 
penumbra  is  to  the  umbra,  the  less  light  it  receives  from  the 
sun,  as  is  evident  from  the  figure  ; and  as  the  moon  enters  the 
penumbra  before  she  enters  the  umbra,  she  gradually  loses  her 
light  nnd  appears  less  brilliant.  The  duration  of  an  eclipse  of 
the  rnoon,  from  her  first  tourhing  the  earth's  penumbra  to  her 
leaving  it.  does  not  exceed  five  hours  and  a half.  The  moon 
does  not  continue  in  the  earth's  umbra  longer  thnn  three  hours 
and  three  • quarters,  in  any  eclipse,  neither  is  she  totally 
eclipsed  for  a longer  period  than  one  hour  and  three-quarters. 
As  the  moon  is  actually  deprived  of  her  light  during  an  eclipse, 
every  inhabitant  upon  the  face  of  the  earth  who  sees  the  moon, 
sees  the  eclipse. 

An  eclipse  of  the  sun,  as  we  have  said,  happens  when  the 
moon,  passing  between  the  sun  and  the  earth,  intercepts  the 
sun’s  light,  and  the  sun  can  only  be  eclipsed  at  the  new  moon, 
nr  alien  the  moon,  at  its  conjunction,  is  in  or  near  one  of  its 
nodes.  For  unless  the  moon  is  in  or  near  one  of  its  nodes,  it 
cannot  appear  in  or  near  the  same  plane  with  the  son  ; with- 
out which  it  cannot  appear  to  us  to  pass  over  the  disc  of  the 
sun.  At  every  other  part  of  its  orbit,  it  will  have  so  much 
northern  or  southern  latitude,  as  to  appear  above  or  below  the 
sun.  If  the  moon  be  in  one  of  its  nodes,  having  no  altitude,  it 
will  cover  the  whole  disc  of  the  sun,  and  produce  a total  eclipse, 
except  when  its  apparent  diameter  is  less  than  that  of  the  sun  ; 
if  it  be  it  cat  one  ol  its  nodes,  having  a small  degree  of  latitude, 
it  will  only  pass  over  a part  of  the  suit’s  disc,  or  produce  a 
partial  eclipse. 

In  a total  eclipse  of  the  sun.  the  shadow  of  the  moon  falls 
upon  that  part  of  the  earth  where  the  eclipse  is  seen,  and  there- 
fore a spectator,  placed  any  where  in  tbc  centre,  will  not  see 
any  part  of  the  sun,  because  the  moon  will  intercept  all  the 
rays  of  light  coming  directly  from  the  sun;  and  it  is  manifest, 
that  in  ibis  situation  the  moon,  bring  an  opaque  body,  will  cajt 
its  shadow  upon  the  part  of  the  earth  where  the  eclipse  is 
total.  In  a partial  eclipse  of  tbc  sun,  a penumbra,  or  imperfect 
shadow  of  the  moon,  falls  upon  that  part  of  the  earth  where 
the  partial  eclipse  is  seen. 

If  the  moon,  when  new,  is  in  one  of  its  nodes,  the  eclipse  of  the 
son  will  be  central.  For  then  the  centres  of  the  earth,  sun,  and 
moon,  being  all  in  the  plane  of  the  ecliptic,  and  being  now  con- 
centric, the  centre  of  the  moon  will  pass  between  the  sun's 
centre  and  that  of  the  earth.  The  penumbra  of  the  moon,  in  a 
central  eclipse,  will  not  cover  the  whole  disc  of  the  earth  : for 
the  scroidiamcter  of  the  moon’s  penumbra  being  equal  to  the 
sum  of  the  apparent  semidiamctcis  of  the  sun  and  moon,  about 
HP.  *J2f.  x 16'.  37".  or  37.  at  the  medium,  its  diameter  is  about 
04'.  whereas  the  diameter  of  the  earth's  disc  is  about  120'. 
whence  the  penumbra  cannot  cover  the  whole  disc.  The 
height  of  the  shadow  of  the  moon  is  about  (K)J  semidiameters 
of  the  earth.  The  semiangles  of  the  earth's  shadow  and 
of  the  moon's  shadow,  being  each  equal  to  the  sun’s  apparent 


semidiameicr,  the  angles  are  equal  to  one  another,  and  these 
cones  aie  similar.  Therefore,  as  the  semidiameter  of  the 
base  of  the  earth’s  shadow,  (that  is,  of  the  earth.)  is  to 
the  sent  j din  me  ter  of  the  base  of  the  moon's  shadow,  (that  is,  of 
the  moon,)  so  is  the  height  of  the  earth's  shadow  to  the  height 
of  the  moon's  shadow.  Now  the  semidiameter  of  the  earth  is 
to  that  of  the  moon  nearly  as  100  to  2A,  and  the  height  of  the 
earth’s  shadow  is  about  217  semidiameters  of  thecarth  ; whence 
the  height  of  the  moon’s  shadow  is  equal  to  about  G0£  semi- 
diameters  of  the  earth  ; for  100  ; 23  217  GUJ  nearly. 

An  eclipse  of  the  sun  is  said  to  be  annular,  when  at  (he  time 
of  the  eclipse  a ring  of  the  sun  appears  round  the  edges  of  the 
moon  ; and  a central  eclipse  of  Inc  sun  will  be  an  annular  one, 
if  tbc  distance  of  the  moon  from  the  earth  at  the  time  of  the 
eclipse  be  greater  than  its  mean  distance.  Were  the  orbit  of 
the  earth  and  that  of  the  moon  both  in  the  same  plane,  there 
would  be  an  eclipse  of  the  sun  every  new  moon,  and  an  eclipse 
of  the  moon  every  full  moon.  But  the  orbit  of  the  moon  makes 
an  angle  of  five  degrees  and  a quarter  with  the  plane  of  the 
earth's  orbit,  and  crosses  it  in  two  points  called  the  nodes. 
Astronomers  have  calculated,  that  if  the  moon  be  less  than 
17°  2T  from  either  node,  at  the  time  of  new  moon,  the  sun 
may  be  eclipsed  ; or  if  less  than  11°  34'  from  either  node,  at 
the  full  moon,  the  moon  may  be  eclipsed  ; at  all  other  limes 
there  can  he  no  eclipse,  for  the  shadow  of  the  moon  will 
fall  either  above  or  below  the  earth  at  the  time  of  new  moon; 
and  the  shadow  of  the  earth  will  fall  cither  above  or  below  the 
moon,  nt  the  time  of  full  moon.  To  illustrate  this,  suppose  the 
right  band  part  of  the  moon's  orbit,  as  in  the  figure,  to  be 
elevated  above  the  plane  of  the  paper,  or  earth's  orbit,  it  is  evi- 
dent that  the  earth’s  shadow,  at  full  moon,  would  fall  below  the 
moon : the  left  band  part  of  the  moon’s  orbit  at  the  same  time 
would  be  depressed  below  tbc  plane  of  the  paper,  and  the 
shadow  of  the  moon,  at  the  time  of  new  moon,  would  fall  below 
the  earth.  In  this  case,  the  moon’s  nodes  would  be  between 
E and  a,  and  between  G aud  b,  and  there  would  he  no  eclipse, 
either  at  the  full  or  new  moon  ; hut,  if  the  part  of  the  moon’s 
orbit  between  G and  b be  elevated  above  (be  plane  of  the  paper, 
or  earth's  orbit,  the  part  between  E and  <r  will  be  depressed, 
the  line  of  the  moon’s  nodes  will  then  pass  through  the  centre 
of  the  earth  and  that  of  the  moon,  and  an  eclipse  will  ensue. 

An  eclipse  of  the  sun  begins  on  the  western  sido  of  Ms  disc, 
and  ends  on  the  eastern  ; and  an  eclipse  of  the  moon  begins  on 
the  eastern  side  of  her  disc,  and  ends  on  the  western.  The 
average  number  of  eclipses  in  a year  is  four,  two  of  the  sun, 
and  two  of  the  moon ; and,  as  the  sun  and  moon  are  as  long 
below  the  horizon  of  any  particular  place  as  they  arc  above  it, 
tbc  average  number  of  visible  eclipses  in  a year  is  two,  one  of 
the  sun  and  one  of  the  moon. 

ECLIPTIC,  in  Astronomy,  is  a great  circle  in  which  the  sun 
makes  his  apparent  annual  progress  among  the  fixed  stars.  It 
is  the  real  path  of  the  earth  round  the  sun.  The  intersection 
at  23°  28'  is  called  the  equinoctial  points  ; the  ecliptic  is  situ- 
ated in  the  middle  of  the  zodiac.  Tbe  apparent  path  of  the  sun 
is  either  in  the  equinoctial,  or  in  lines  nearly  parallel  to  it,  and  his 
apparent  annual  path  may  be  traced  in  the  heavens,  by  observ- 
ing what  particular  constellation  in  the  zodiac  is  on  the  meri- 
dian at  midnight ; the  opposite  constellation  will  shew,  very 
nearly,  the  sun’s  place  at  noon  on  the  same  day. 

EDDY,  the  water  that  by  some  interruption  in  its  coarse 
runs  contrary  to  the  direction  of  the  tide  or  current,  and 
appears  like  the  motion  of  a whirlpool. 

EDGINGS,  among  Gardeners,  the  series  of  small  but  dura- 
ble plants,  set  round  the  edges  or  borders  of  flower-beds.  &c. 
The  Lest  and  most  durable  plant  for  this  use  is  box,  which,  if 
well  planted  and  rightly  managed,  will  continue  in  strength  and 
beauty  many  years.  The  seasons  for  planting  these  arc  the 
autumn,  and  very  early  in  the  spring ; and  the  best  species  for 
this  purpose,  is  the  dwarf  Dutch  box. 

EDICT,  an  order  or  instrument  signed  and  sealed  by  a 
prince,  to  serve  as  a law  to  his  subjects.  We  find  frequent 
mention  of  the  edicts  of  the  Prietor,  the  ordinances  of  that  offi- 
cer, in  the  Roman  law.  Edicts  can  have  no  room  in  Britain, 
because  laws  originate  in  the  parliament,  and  not  in  tbc  king. 

EDITOR,  the  person  who  revises  or  prepares  any  work  lor 
' publication. 
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EFFECT,  the  result  or  conscqueoce  of  the  application  of  a 
cause  or  agent,  on  some  subject.  It  is  an  axiom  in  philosophy, 
that  effects  are  proportional  to  their  adequate  causes. 

EFFECTION,  denotes  the  geometrical  construction  of  a 
proposition  ; it  is  also  used  in  reference  to  problems,  which 
when  they  arc  deducible  from,  or  founded  upon,  some  general 
propositions,  arc  called  the  geometrical  effect  ions  of  them. 

EFFERVESCENCE,  a small  degree  of  ebullition:  the 
agitation  produced  by  the  mixture  of  an  acid  and  an  alkali. 

EFFICIENT  Cause,  that  which  produces  an  effect. 

EFFLORESCENCE,  the  effect  which  takes  place  when 
bodies  spontaneously  become  converted  into  a dry  powder. 

It  is  almost  always  occasioned  b»  the  loss  of  the  water  of  crys- 
tallization in  saliue  bodies.  Natron  is  an  example  of  efflo- 
rescence, when  it  appears  as  a salt  on  the  surface  ol  the  ground. 
Alum  effloresces  in  the  same  way. 

EFFLUVIUM,  in  Physiology,  the  minute  particles  which 
exhale  from  most,  if  not  from  all  bodies  in  nature ; a sort  of 
invisible  vapour,  sensible  only  by  its  effect  on  the  organ  of 
smelling.  Effluvia  however  in  some  cases  become  visible,  con- 
stituting  that  which  in  animals  and  plants  makes  the  matter  of 
perspiration. 

EFFORT,  a term  frequently  used  by  mathematicians  and 
philosophers,  to  denote  the  force  by  which  a body  in  motion 
tends  to  produce  an  effect,  whether  the  effect  be  really  pro- 
duced. or  impeded  by  any  obstacle  which  intervenes. 

EGGS.  The  eggs  of  hens,  and  of  birds  in  general,  are  com- 
posed of  several  distinct  substances.  I.  Tbe  shell,  or  external 
coating,  which  is  composed  of  carbonate  of  lime  *72,  phosphate 
of  lime  *02,  gelatine  ‘Oft.  The  remaining  *23  are  perhaps  water. 
2.  A thin,  white,  and  strong  membrane,  possessing  the  usual 
characters  of  animal  substances,  ft.  The  while  of  the  egg,  for 
which  sec  Albumen,  4.  The  yolk,  which  consists  of  an  oil, 
united  with  a portion  of  sernus  matter,  sufficient  to  render  it 
diffusible  in  cold  water,  in  the  form  of  an  emulsion,  and  con- 
ercsi-iblc  by  heat.  Volk  of  egg  is  used  as  tho  medium  for 
rendering  resins  and  oils  diffusible  in  water. 

Preservation  of  Eggs  for  many  Years. — Dip  them  in  a solu- 
tion of  gum  arabic  in  water,  and  imbed  them  in  powdered 
ehaicoal.  Charcoal  being  a non-conductor  of  beat,  a uniform 
temperature  will  be  preserved  when  moved  from  one  climate 
to  another.  The  method  of  preserving  eggs  by  dipping  them 
in  boiling  water,  which  destroys  the  living  principle,  is  loo  well 
known  to  need  further  notice. 

EIGHT,  a number  consisting  of  twice  four.  Eighth,  an  , 
ordinal  number,  the  next  after  the  seventh. 

EJECTMENT,  in  Law,  is  a mixed  action,  by  which  a lessee 
for  years,  when  ousted,  may  recover  his  term  and  damages  ; it  is 
real  as  to  the  lands,  but  personal  as  to  the  damages. 

EL/EIS.  a genus  of  plants  belonging  to  the  natural  order  of 
pulnue.  There  is  one  species,  from  tho  fruit  of  which,  resent-  I 
Llinp  an  olive  in  shape,  tbe  negroes  extract  the  palm  oil. 

ELASTIC,  that  power  which  a body  has  of  returning  to  the 
form  from  which  it  has  been  distorted.  Thus  the  branch  of  a 
tree,  tbe  blade  of  a sword,  &c.  are  said  to  be  elastic,  because 
if  they  are  bent  to  a certain  degree  and  then  let  go,  they  will 
of  themselves  return  to  their  original  form.  Hence  Elastic 
Jiodies  arc  such  as  admit  of  having  their  form  altered  by  tbe 
application  of  a force  or  pressure,  on  the  removal  of  which  they 
will  recover  their  original  form  or  figure.  In  this  respect  all 
bodies  which  conic  within  our  knowledge,  arc  comprehended 
under  one  of  these  three  distinctions.  If  two  booic*,  when 
pressed  together,  suffer  an  alteration  in  their  form,  and  if  after- 
wards, on  removing  that  pressure,  they  recover  their  original 
figures,  they  are  called  elastic.  If,  when  pressed,  their  forms  are 
not  in  the  least  altered,  they  arc  called  hard.  And  if,  when 
being  pressed  as  above,  they  alter  their  forms,  and  retain  the 
same  after  the  pressure  is  discontinued,  they  are  called  soft. 
And  both  these  Inst  kind  of  bodies  arc  termed  non-elastic.  We 
know,  however,  of  no  bodies  that  are  perfectly  hard,  soft,  or 
elastic,  but  all  partake  of  these  properties  in  a greater  or  less 
degree.  Water  was  for  a long  lime  supposed  to  he  incom- 
pressible, and  perfectly  nan-elastic,  but  experiment  shews,  that 
this  supposition  was  erroneous;  and  air,  which  is  the  most 
elastic  fluid  we  know  of,  is  now  known  not  to  possess  this  pro- 
perty In  a perfect  degree. 


The  principal  Phenomena  observable  in  Elastic  Bodies. — 1.  A 
perfectly  elastic  body  has  a tendency  to  restore  itself  with  the 
same  force  with  which  it  is  pressed  or  bent.  2.  An  elastic 
body  exerts  its  force  equally  on  all  sides,  but  the  cilcct  is  found 
principally  where  there  is  the  least  resistance,  ft.  Elastic  bodies, 
in  whatever  manner  they  are  struck  or  bent,  are  reflected,  and 
rebound  with  the  same  force  in  an  opposite  direction  ; thus  an 
clastic  body  will  rebound  from  the  plane  on  which  it  impinges, 
with  the  same  velocity  with  which  it  meets  it,  and  so  as  u> 
make  the  angle  of  reflection  equal  to  the  angle  of  incidence. 
4.  A perfectly  fluid  body  (being  defined,  that  which  cannot  be 
oorapresseri.)  cannot  be  elastic.  5.  A perfectly  solid  body 
cannot  be  elastic.  6.  The  elasticity  of  most  bodies,  particu- 
larly of  long  and  slender  forms,  may  Ihs  easily  shewn,  and  even 
in  very  hard  and  compact  bodies  their  elasticity  may  be  mani- 
fested in  various  ways;  thus,  for  instance,  let  a marble  slab, 
or  a flat  and  smooth  iron,  be  covered  with  btnek  lead,  or  willi 
printing  ink ; then  drop  an  ivory  hall  upon  it  from  different 
heights,  and  the  degree  of  compression  on  it  will  be  indicated 
by  the  magnitude  of  the  spot  which  will  be  found  upon  the 
ivory  hall. 

Elastic  CWt#,  is  the  name  that  James  Bernoulli  gave  to  the 
curve  which  is  formed  by  an  clastic  blade,  fixed  horizontally 
by  one  of  its  extremities  in  a vertical  plane,  and  loaded  at  tho 
other  extremity  with  a weight,  which  by  its  gravity  bends  the 
blade  into  a curve,  tbe  determination  of  which  involves  inves- 
tigations of  the  most  intricate  order.  This  curve  is  the  same 
w hich  a perfectly  flexible  right  line  would  form  itself  into  when 
supported  at  its  two  extremities,  and  loaded  with  an  uniform 
fluid  which  fills  the  whole  cavity  of  the  curve,  and  is  therefore 
not  the  same  ns  the  catenary,  though  frequently  confounded 
with  that  curve. 

Elastic  Fluids,  arc  those  which  are  possessed  of  an  elastic 
property,  as  air,  steam,  Ac. 

Elastic  Gum,  the  same  as  caoutchouc,  or  Indian  rubber. 

ELASTICITY,  is  that  property  of  bodies  by  which  they 
restore  themselves  to  their  original  figure  after  compression. 
Various  hypotheses  have  been  advanced  by  philosophers  to 
account  for  this  important  property,  some  attributing  it  to  one 
cause,  and  some  to  another  ; it  is,  however,  now  more  generally 
supposed  to  arise  from  the  presence  of  caloric,  and  the  attrac- 
tive and  repulsive  powers  that  have  place  between  the  minute 
particles  which  constitute  a body,  whether  it  be  a solid  or  fluid. 

EL.ATINE.  A vegetable  principle  lately  discovered  in  the 
juice  of  the  seeds  of  the  moinordica  elaterium,  or  cucumber. 
It  is  most  violently  purgative. 

ELBOW  in  the  Hau.se,  is  when  a ship,  being  moored  in  a 
tideway,  swings  twice  the  wrong  way,  thereby  causing  the 
cables  to  take  half  a round  turn  on  each  other. 

ELDERS,  among  the  Jews,  persons  of  great  age,  experience, 
and  wisdom.  Elders,  in  the  Presbyterian  discipline,  are  officers 
who,  with  the  ministers  and  deacons,  compose  the  sessions  of 
the  kirk.  Tbe  elders’  business  is  to  assist  tbe  minister  in 
visiting  the  congregation  upon  occasion,  to  watch  over  the 
morals  of  the  people  of  bis  district,  and  to  give  them  private 
reproof  in  case  of  any  disorder;  but  if  the  scandal  be  gross,  or 
ihc  person  obstinate,  he  lays  the  thing  before  the  session. 
Elders  arc  chosen  from  among  tho  most  substantial,  knowing, 
and  regular  people,  by  the  session  or  consistory  of  tbe  kirk. 
There  is  a ruling  elder  in  every  session : be  should  be  a man  of 
spotless  character,  and  of  principal  consideration  and  interest 
in  his  parish  ; lie  is  chosen  out  of  the  kirk  session  : the  congre- 
gation is  to  approve  of  the  choice : tbe  minister  ordains  bint 
before  tbe  congregation : nc  may  be  chosen  to  assist  in  any 
church  judicatory,  and  in  all  manner  of  government  and  disci- 
pline,  for  he  has  an  equal  vote  with  the  remainder. 

ELECTION,  in  Numbers,  is  the  different  ways  of  taking  any 
number  of  quantities  given  ; in  combination  thus,  tbe  quantities 
a be  may  be  taken  different  way  s,  as  a b c,  or  a b,  a c,  and  a,  b,  c. 

ELECTIVE  Attraction.  The  principle  of  alt  chemical 
operations,  which  enables  us  to  decompose  certain  bodies,  and 
to  compound  others,  is,  that  every  substance  has  a certain 
peculinr  affinity  for  other  substances,  but  not  in  an  equal  degree. 
Chemical  affinity  observes  certain  taws,  which  arc  called  the 
tans  of  affinity,  ami  which  are  as  follow : — Chemical  affinity 
exerts  its  action  beta  ecn  a number  of  bodies,  simple  or  com- 
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pound,  and  unites  them  chemically  into  one  whole.  Soda  will 
combine  with  sulphuric  acid,  forming  a different  substance 
from  either;  viz.  sulphate  of  soda.  The  power  of  chemical 
affinity  is  in  an  inverse  ratio  to  that  of  corpuscular  attraction. 
The  agency  of  the  affinity  of  composition,  or  chemical  affinity, 
is  cither  assisted  or  retarded  by  different  degrees  of  tempera- 
ture. Chemical  affinity  is  accompanied  by  a change  of  tempe- 
rature, as  in  the  mixture  of  sulphuric  acid  with  water.  The 
agcucy  of  chemical  affinity  between  two  or  more  bodies,  may 
be  dormant  until  it  be  called  into  action  by  the  interposition  of 
another,  which  frequently  exerts  no  energy  upon  either  of  them 
in  a separate  state.  Metals  are  not  affected  by  acids  until 
water  he  present.  The  degree  of  energy  in  chemical  affinity 
acting  between  various  bodies,  is  different  in  different  sub- 
stances. Nitric  acid  hail  more  affinity  for  potash  than  for  iron. 
The  action  of  chemical  affinity  is  either  limited  or  unlimited  ; 
in  other  words,  chemicals  arc  capable  of  unitiug  in  definite  or 
in  indefinite  proportions.  The  degree  of  chemical  affinity  of 
different  bodies,  is  modified  in  proportion  to  the  quantities  or 
masses  of  the  substances  employed. 

ELECTRICITY,  the  name  of  an  unknown  natural  power 
which  produces  a great  variety  of  peculiar  aud  surprising  phe- 
nomena, the  first  of  which  are  supposed  to  have  been  observed 
in  the  mineral  substance  called  amber,  whence  they  have  been 
denominated  electrical  phenomena,  and  the  laws,  hypotheses, 
experiments,  Ac.  by  which  they  are  explained  and  illustrated, 
form  together  the  science  of  electricity.  The  electric  property 
of  amber  was  known  to  ThaJes,  who  lived  about  (jou  years 
before  our  *ra,  though  Theophrastus,  who  flourished  about 
300  years  after  Tbalcs,  is  the  first  author  who  makes  any 
distinct  remark  on  this  subject.  Some  other  of  the  ancients 
also  speak  slightly  on  this  head,  but  still  they  confined  its 
action  to  the  two  substances  amber  and  jet,  and  knew  nothing 
farther  of  its  effect  except  its  power  of  attracting  light  sub- 
stances after  being  excited  by  friction.  Electricity  may  there- 
fore be  considered  as  a i»  odern  science  of  uo  higher  date  than 
about  the  year  1600,  when  Gilbert,  a native  of  Colchester,  and 
a physician  in  London,  published  his  treatise  “ De  Magneto,” 
in  which  arc  contained  many  considerable  experiments  and 
discoveries.  Boyle,  Otto  Guericke,  Dr.  Wall,  and  some  others, 
made  a few  ingenious  experiments;  but  it  was  not  before  the 
year  1700  that  any  important  step  had  been  made  in  this 
scienoe.  In  this  year  Hawksbec  wrote  on  the  subject  of  elec- 
tricity, and  noticed  the  great  electrical  power  of  glass,  and  the 
light  proceeding  from  it ; he  also  first  heard  the  noise  attending 
the  excitation,  and  a variety  of  other  phenomena  relating  to 
electrical  attraction  aud  repulsion  ; at  the  same  time  he  intro- 
duced a glass  globe  into  the  electrical  apparatus ; and  to  this 
he  was  indebted  for  many  of  his  most  important  discoveries. 

After  an  interval  of  twenty  years,  Stephen  Grey  established 
a new  «rt  in  the  history  of  electricity.  To  him  we  owe  the 
discovery  of  communicating  the  power  of  native  electrics  to 
other  bodies  in  which  it  cannot  be  excited,  by  supporting  them 
on  silken  lines,  hair  lines,  cakes  of  resin,  or  glass,  and  a more 
accurate  distinction  than  had  hitherto  obtained  between  elcc- 
irics  and  non-electrics:  be  also  shewed  the  effect  of  electricity 
on  water,  more  obviously  than  had  been  done  by  Gilbert. 

The  experiments  of  Grey  were  repeated  by  M.  du  Fay,  mem- 
ber of  the  Academy  of  Sciences  at  Paris,  to  which  he  added 
many  new  observations  and  discoveries  of  his  own. 

Desagulier  followed  Grey  by  adding  many  experiments  to 
live  science.  But  the  most  remarkable  discovery  that  bad  yet 
been  made  in  this  science,  was  in  the  end  of  the  year  1745,  and 
beginning  of  1746.  This  was  the  method  of  giving  the  electric 
shock,  or  the  accumulation  of  the  power  of  electricity  in  a viaJ. 
This  had  its  name  of  the  Leyden  Vial,  from  Cunieus,  a native 
of  Leyden,  who  exhibited  it  as  he  was  repeating  some  experi- 
ments made  by  Messrs.  Muscbenbrock  and  Allamand,  profes- 
sors in  the  university  of  that  city.  It  is  said  he  was  oot,  how- 
ever, the  inventor.  The  merit  of  this  discovery  (if  any  merit 
Can  he  ascribed  to  a discovery  made  by  accident)  belongs  to 
Mr.  Van  Klcist,  dean  of  the  cathedral  at  Camin.  Soon  after 
this,  however,  a method  of  giving  the  shock  was  discovered  in 
Holland,  by  Cun&u*;  and  the  discovery  of  this  powerful  effect 
of  the  electric  fluid  immediately  raised  the  attention  of  all  the 
philosophers  in  Europe.  Electricity  rose  to  that  celebrity  it 


has  now  attained,  by  the  united  labours  of  successive  indivi- 
duals, among  whom  Cavendish,  Priestley,  and  Franklin,  are 
illustrious. 

Blectkical  Machine,  denotes  the  principal  part  of  the  elec- 
tric apparatus,  so  constructed  as  to  be  capable  of  exciting  a 
great  quantity  of  the  electric  fluid,  and  exhibiting  its  effects  in 
a very  seosible  manner.  A great  variety  of  forms  have  been 
given  to  electrical  machines,  either  for  the  sake  of  convenience, 
or  in  order  to  render  their  effects  more  powerful ; we  shall, 
however,  only  explain  one  of  the  most  simple  forms,  as  con- 
structed by  the  late  Mr.  Adams,  which  is  represented  in  th« 
following  figure,  and  may  be  described  as  follows : — The 

cylinder  FG  HI,  is 
supported  by  two 
strong  perpendicu- 
lar pieces  D E.  The 
axis  of  one  cap  of 
tho  cylinder  moves 
in  a small  hole,  at 
the  upper  part  of 
one  of  the  supports, 
and  the  opposite 
axis  passes  through 
the  upper  part  of 
the  other  support. 
To  this  end  the 
handle  or  winch  is 
fitted,  and  the  cash  - 
ion  is  supported 
and  insulated  by  a 
glass  pillar,  the 
lower  part  of  which 
is  fitted  into  a 
wooden  socket,  to  which  a regulating  screw  is  adapted,  to 
increase  or  diminish  the  pressure  of  the  cushion  against  the 
cylinder.  A piece  of  silk  comes  from  the  under  edge  of  the 
cushion,  and  lies  on  the  cylinder,  passing  between  it  and  the 
cushion,  and  proceeding  till  it  nearly  meets  the  collecting  points 
of  the  conductor.  The  mure  strongly  this  conductor  is  made 
to  adhere  to  the  oylinder,  the  stronger  is  the  degree  of  excita- 
tion. Before  the  cylinder,  or  opposite  to  the  cushion,  is  a 
metallic  tube  Y Z,  supported  by  a glass  pillar  L M.  This  is 
sometimes  called  the  prime  conductor,  often  only  the  conduc- 
tor; and  for  the  more  conveniently  trying  experiments  on  the 
two  powers,  and  exhibiting  the  different  states  of  the  cushion 
and  conductor,  (hero  arc  two  wires  to  be  fixed  occasionally, 
the  one  to  the  conductor,  the  other  to  the  cushion;  on  the 
upper  part  of  these  are  halls  furnished  with  sliding  wires,  that 
they  may  be  set  apart  from  each  other  at  different  distances. 
The  annexed  figure  represents  another  view  of  the  Electrical 
Plate  Machine,  the  construction  of  which  will  be  readily  com- 
prehended by  the  different  letters  which  arc  referred  to  the 
same  parts  in  both  views. 

Before  ihe  electrical  machine  is 
put  in  motion,  examine  those  parts 
which  arc  liable  to  wear,  either  from 
the  friction  of  one  surface  against 
another,  or  to  be  injured  by  the  dirt 
that  may  insinuate  itself  between 
the  robbing  surfaces.  If  any  grat- 
ing or  disagreeable  noise  is  heard, 
the  place  whence  it  proceeds  must 
be  wiped  clean,  and  rubbed  over 
with  a small  quantity  of  tallow ; a 
little  of  which  should  also  be  occa- 
sionally applied  to  the  axis  of  the 
cylinder  itself.  If  the  screws  by 
which  the  frame  is  fixed  are  loose, 
they  should  be  tightened.  Havlnr 
examined  the  different  parts  of  the 
machine,  and  put  them  in  order,  the 
glass  cylinder,  and  Ihe  pillars  which 
support  the  cushion  and  conductor, 
should  be  well  wiped  with  a dry  silk  handkerchief,  to  free 
them  from  the  moisture  which  glass  attracts  from  the  air, 
being  particularly  attentive  to  leave  no  moisture  on  the 
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onds  of  the  cylinder,  as  any  damp  on  these  parts  carries  of T 
the  electric  fluid,  and  weakens  the  force  of  the  machine;  in 
▼cry  damp  weather  it  will  be  proper  to  dry  the  whole  machine, 
by  placing  it  at  some  little  distance  from  the  fire.  Care  should 
l»e  taken  that  no  dust,  loose  threads,  or  filaments,  adhere  to  the 
cylinder,  its  frame,  the  conductors,  or  their  insulating  pillars; 
because  these  will  gradually  dissipate  the  electric  fluid,  and 
prevent  the  machine  from  acting  powerfully.  When  you  arc 
satisfied  of  this,  rub  the  glass  cylinder  first  with  a clean,  coarse, 
dry,  warm  cloth,  or  a piece  of  wash  leather,  and  theo  with  a 
piece  of  dry,  warm,  soft  silk  ; do  the  same  to  all  the  glass 
insulating  pillars  of  the  machine  and  apparatus  ; these  pillars 
must  bo  rubbed  more  lightly  than  the  cylinder,  because,  being 
Tarnished,  they  may  be  damaged  by  too  much  friction. 

We  come  now  to  consider  electrics  and  conductors,  w hich  may 
be  disposed  according  to  the  order  of  their  perfection,  beginning 
In  each  column  with  the  most  perfect  of  their  class.  Thus, 
(flats  is  a more  perfect  electric  titan  amber,  and  gold  is  a better 
conductor  than  silver. 

Electrics.  Conductors , 

Glass  of  all  kinds.  All  the  metals  in  the  following 

All  precious  stones,  the  most  order : 

transparent  the  best  Gold,  silver,  platina,  brass 

Amber.  Sulphur.  j Iron,  tin,  quicksilver,  lead. 

All  resinous  substances.  The  semi  metals. 

Wax,  silk,  and  cotton.  Metallic  ores. 

Dry  external  animal  substan-  Charcoal. 

ces,  as  feathers,  wool,  A.  hair.  The  fluids  of  the  animal  body. 
Paper.  Loaf  sugar.  Water,  especially  salt  water. 

Air,  when  dry.  and  other  fluids,  except  oil. 

Oils  and  metallic  oxides.  Ice,  snow. 

Ashes  of  animal  and  vegetable  Most  saline  substances. 

substances.  ' Smoke,  steam,  and  even  a 

Most  bard  stones.  I vacuum. 

Professor  Lapostolle,  of  Amiens,  has  discovered  that  straw 
possesses  the  quality  of  serving  as  a conductor  to  lightning 
and  hail.  Repeated  experiments  have  convinced  him,  that 
straws  united  together  serve  equally  well  as  the  iron  rods  now 
fixed  upon  buildings  for  the  former  purpose,  at  the  same  time 
that  they  are  not  attended  with  similar  inconvenience.  Io 
consequence  of  this  discovery,  the  common  buildings  may  be 
secured  from  the  effects  of  lightning  in  the  most  economical 
manner ; and  even  crops  on  the  land  may  bo  protected  from 
the  ravages  which  they  sometimes  suffer  from  hail. 

It  may  be  proper  in  some  cases  to  place  a hot  iron  on  the 
foot  of  the  conductor,  in  order  to  evaporate  the  moisture  which 
would  otherwise  injure  the  experiments.  It  may  also  be 
observed,  that,  1.  To  excite  the  machine,  it  is  requisite  to  clean 
the  cylinder,  and  wipe  the  silk.  2.  Grease  the  cylinder,  by 
turning  it  against  a greasy  leather,  till  it  is  uniformly  obscured. 
The  tallow  of  a candle  will  answer  this  purpose  3.  Turn  the 
cylinder  till  the  silk  flap  has  wiped  off  so  much  of  the  grease  as 
to  render  it  semi-transparent.  4.  Spread  some  amalgam  on  a 
niece  of  leather,  aod  apply  this  against  the  turning  cylinder. 
Ily  this  meaos  the  friction  will  immediately  increase,  and  the 
leather  must  not  be  removed  till  it  seems  to  have  attained  its 
maximum ; then  discontinue  the  application  of  it,  and  the 
effect  of  the  machine  wilt  be  found  very  powerful.  The  best 
kind  of  amalgam  is  made  of  sine  and  quicksilver.  If  a little  of 
the  latter  be  added  to  melted  sine  it  renders  it  easily  putvcrisablc, 
and  more  quicksilver  must  be  added  to  the  powder  if  very  soft 
amalgam  is  required. 

The  following  statement  seems  to  comprise  the  general 
principles  on  which  this  wonderful  fluid  is  known  to  act : — 
The  electric  fiutd  is  probably  the  same  in  essence  with  that  of 
light  and  heat,  but  combined  with  a substance  which  affects  the 
organs  of  smell.  When  bodies  are  electrified  by  glass,  they 
furnish  tufts  or  pencils  of  light ; but  if  electrified  by  sulphur, 
they  only  produce  points  or  sparks  of  light;  bodies  presented 
to  those  electrified  by  glass  produce  only  luminous  sparks ; 
while  those  which  are  presented  to  bodies  which  are  electrified 
by  sulphur,  present  beautiful  pencils  or  tofts  of  light. 

Bodies  are  electrified  cither  by  friction  or  communication.  To 
electrify  bodies  by  rommunication,  it  is  necessary  to  insuinte 
them ; and  the  substances  most  proper  for  insulating  others, 
are  those  which  electrify  best  by  friction-  Glass  electrifies 


both  by  friction  and  communication,  and  the  energy  of  the  fluid 
is  augmented  in  the  conductors  by  an  increase  of  surfacr. 
The  pencils  or  tufts  of  light,  seen  at  the  extremities  of  electri- 
fied bodies,  are  composed  of  divergent  rays  when  they  pass 
through  the  air,  but  to  pass  a permeable  conducting  body,  they 
sometimes  become  convergent. 

Animal  Electricity. — Some  fishes  have  the  property  of  giving 
shocks  analogous  to  those  of  artificial  electricity ; namely , the 
torpedo,  the  gyrnnotus  elect ri cut,  and  the  tilxtrnt  elcctricvs.  If 
the  torpedo,  whilst  standing  in  water,  or  oat  of  water,  but  not 
insulated,  be  touched  with  one  hand,  it  generally  communi- 
cates  a trembling  motion  or  slight  shock  to  the  band.  If  the 
torpedo  be  touched  with  both  hands  at  the  same  time,  one 
hand  being  applied  to  its  under  and  the  other  to  its  upper  sur- 
face, a shock  will  be  received  exactly  like  that  occasioned  by 
the  Leyden  phial.  The  shock  given  by  the  torpedo  when  in 
air,  is  about  four  times  as  strong  as  when  in  water  ; and  when 
the  animal  is  touched  on  both  surfaces  by  the  same  hand,  the 
thumb  being  applied  to  one  surface,  and  the  middle  finger  to 
the  opposite,  the  shock  is  felt  much  stronger  than  when  the 
circuit  is  formed  by  both  hands.  The  gyrnnotus  clectricus,  or 
electrical  eel,  possesses  all  the  electric  properties  of  the  tor- 
pedo, but  in  a superior  degree.  When  small  fish  are  put  into 
Ibe  water  wherein  the  gyrnnotus  is  kept,  they  are  generally 
stunned  or  killed  by  the  shock,  and  then  they  are  swallowed,  if 
the  animal  be  hungry.  The  strongest  shock  of  the  gyrnnotus 
will  pass  a very  short  interruption  of  continuity  in  the  circuit. 
When  the  interruption  is  formed  by  the  incision  made  by  a 
penknife  on  a slip  of  tinfoil  that  is  pasted  on  glass,  and  that 
slip  is  put  into  the  circuit,  the  shock,  in  passing  through  that 
interruption,  will  shew  a small  but  vivid  spark,  plainly  to  be 
seen  in  a dark  room.  The  gyrnnotus  seems  also  to  be 
possessed  of  a sort  of  new  sense,  by  which  he  knows  whether 
the  bodies  presented  to  him  are  conductors  or  not.  This  fact 
has  been  ascertained  by  a great  number  of  experiments. 

Electrical  Instruments  and  Apparatus. — The  experiments  in 
electricity  arc  so  various,  that  the  apparatus  used  may  be 
increased  almost  agreeably  to  every  man's  fancy ; and  in 
general,  he  who  wishes  to  make  new  experiments,  will  find  it 
necessary  to  make  an  addition  suitable  to  the  object  of  his 
inquiry.  It  will  be,  therefore,  most  consistent  with  the  design 
of  this  work,  to  describe  only  those  parts  of  the  apparatus 
which  are  most  essential  to  the  performance  of  popular  expe- 
riments. The  instruments  commonly  employed  m this  branch 
of  science  may  be  classed  under  six  heads:— 1st.  The  instru- 
ments used  for  exciting  electricity,  viz.  glass  tubes,  plates,  and 
cylinders  ; 2nd.  Those  for  conducting  the  electric  matter,  which 
are  chiefly  metals  ; 3rd.  Those  intended  for  accumulating  the 
fluid,  or,  in  technical  language,  for  receiving  a charge,  such  as 
coated  bottles  or  jars,  commonly  called  leyden  phials;  4tb. 
Those  which  arc  intended  to  product  more  formidable  effects, 
such  as  electric  batteries;  6ib.  The  instruments  employed 
for  wrtrfaiswy  the  quantity  of  electricity,  called  ELECTROMETERS; 
and  lastly,  those  employed  for  retaining  the  electric  power. 

The  discharging  rod  needs  no  explanation : it  is  shewn  in 
the  figure,  R,  as  applied  to  a Leyden  Phot,  A D.  This  jar 
is  coated  with  tinfoil  on  the  inside  and  outside,  within  about 
three  inches  of  the  top  of  its  cylindrical  part,  and  having  a 
wire  with  a round  brass  knob,  or  hall.  A,  at 
its  extremity.  This  wire  passes  through  the 
cork,  or  wooden  stopper.  D : at  its  lowest  ex- 
tremity is  a piece  of  chain  that  touches  the 
inride  coaling  in  several  parts.  To  charge 
this  jar,  a communication  is  made  between  the' 
electrical  machine  and  the  brass  knob  A, 
while  tlie  outside  of  the  jar  communicates  with 
the  earth  by  the  table  or  the  hand.  Bring  Ibe 
knob  A of  the  jar  near  the  prime  conductor,  and  after  a few 
turns  of  the  machine  the  jar  will  be  charged  ; that  is,  the  inside 
of  the  jar  will  be  positively,  and  (he  outside  negatively,  electri- 
fied ; or  if  the  inside  is  negatively,  the  outside  will  be  posi- 
tively, electrified.  R is  a discharging  rod,  which  is  used  to 
convey  the  superabundant  electricity  from  one  side  to  the  other, 
where  there  is  less  than  the  natural  share.  The  discharging 
rod  consists  of  two  brass  knobs,  am,  attached  to  wires,  which 
move  round  a joint  x,  fixed  to  a glass  handle  R.  The  operator 
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holds  the:  discharging  rod  bj  the  glass  handle  R.  and  applies 
the  brass  knobs  to  (he  ball  ami  jar,  as  shewn  in  the  figure, 
when  an  explosion  takes  place  proportional  to  the  quantity  of 
electricity  it  had  received.  If  any  number  of  persons  join 
hands,  and  one  holds  a chain  that  is  in  communication  with  the 

t'ar,  while  the  last  of  the  company  touches  the  jar,  a shock  will 
ic  received. 

Of  the  Electric  Spark. — The  spark  that  shines  between  the 
two  bodies  is  capable  of  setting  combustible  matters  on  fire.  If 
a body,  containing  only  its  natural  share  of  electricity,  be 
presented  sufficiently  near  to  a body  electrified,  positively  or 
negatively,  a quantity  of  electricity  will  force  itself  through  the 
air,  from  the  latter  to  the  former,  appearing  in  the  form  of  a 
spark.  When  two  bodies  approach  each  other  sufficiently 
near,  one  of  which  is  electrified  positively , and  the  other  nega- 
tive lu.  the  superabundant  electricity  rashes  violently  from  one 
to  the  other,  to  restore  the  equilibrium  between  them.  This 
effect  takes  place  if  tho  two  bodies  be  connected  by  a con- 
ducting substance.  The  electric  spark  has  not  only  the  appear- 
ance of  fire,  bat  is  capable  of  actually  setting  fire  to  various 
substances  that  are  easily  inflamed.  The  sense  of  feeling, 
seeing,  and  hearing,  arc  not  only  affected  by  electricity,  bnt  it 
is  even  sensible  to  the  smell  and  the  taste.  The  electric  spark 
goes  to  a greater  or  less  distance  through  the  air,  in  order  to 
reach  a conductor,  according  as  its  quantity  is  greater  or  less  ; 
as  the  parts  from  which  it  proceeds,  and  on  which  it  strikes, 
arc  sharper  or  more  blunt,  and  as  the  conductor  is  more  or 
less  perfect.  The  strength  of  the  machine  is  known  from  the 
length  and  density  of  the  sparks  it  gives. 

That  the  charge  of  a coated  jar  resides  in  the  glass,  and  not 
in  the  coating,  is  proved  in  the  following  manner  : — Set  a plate 
of  glass  between  two  metallic  plates,  about  two  inches  in 
diameter,  smaller  than  the  plate  of  glass;  charge  the  glass,  and 
then  remove  the  upper  metallic  plate  ; by  an  insulated  handle, 
take  up  the  glass  plate,  and  place  it  between  two  other  plates 
of  metal  which  have  not  been  electrified,  but  insulated— the 
plate  of  glass  thus  coated  afresh  will  still  remain  charged. 

The  Electrical  Veils  consist  of 
three  small  hells  suspended  from 
a narrow  plate  of  metal,  the  two 
outermost  by  chains,  and  that  in 
the  middle  (from  which  a chain, 

S R.  passes  to  the  floor)  by  a 
silken  string.  Two  small  knobs 
of  brass  are  also  bung  by  silken 
strings,  on  each  side  of  the  bell, 
which  serve  as  clappers.  If  an 
apparatus  of  this  kind  is  joined 
to  one  of  those  conducting  rods  erected  to  protect  buildings 
from  the  effect  of  lightning,  it  will  serve  to  give  notice  of  the 
approach  and  passage  of  an  electrical  cloud. 

The  Electrical  Battery  has  been  described  ; see  Battery. 
The  instruments  for  ascertaining  the  presence  and  the  quan- 
tity of  electricity  in  different  bodies  are  varions,  but  the  sim- 
plest of  all  are  little  balls  of  cork,  or  rather  of  the  pith  of  elder, 
which  is  still  lighter,  and  suspended  by  silk  threads.  When 
brought  into  contact  with  an  electrified  body,  the  balls  will 
immediately  diverge,  and,  according  to  the  degree  of  diver- 
gence, a judgment  may  be  formed  of  the  degree  to  which  the 
body  in  question  is  electrified.  A similar  effect  will  be  pro- 
duced by  a light  and  downy  feather.  The  pith  balls  are  called 
CantotCs  electrometer. 

For  more  particular  admeasurement,  that  is,  for 
ascertaining  precisely  the  degree  to  which  any 
body  is  electrified,  an  instrument  somewhat  less 
simple  is  required,  and  the  quadrant  electrometer, 
as  in  the  figure,  is  in  most  general  use.  It  con* 

•ists  of  a perpendicular  stem  formed  at  the  top  like  a 
ball,  and  furnished  at  ils  lower  end  with  a brass 
ferule  and  pin,  by  which  it  may  be  fixed  in  a hole 
made  in  the  conductor  of  the  electrical  machine  or 
of  a Leyden  jar.  To  the  upper  part  of  the  stem  a 
graduated  ivory  semicircle  is  * fixed,  about  the 
middle  of  which  is  a brass  arm  or  cock,  to  sup- 
port the  axis  of  the  Index.  The  index  is  a teiy 
slender  stick,  which  reaches  from  the  centre  of  the  graduated 
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arch  to  the  brass  ferule,  and  to  its  lower  extremity  is  fastened 
a small  pith  ball,  nicely  turned  in  a lathe.  When  this  elec- 
trometer is  in  a perpendicular  positioo,  and  not  electrified,  the 
index  hangs  parallel  to  the  pillar;  but  when  it  is  electrified, 
the  index  recedes  more  or  less,  according  to  the  quantity  of 
electricity.  Lane's  discharging  electrometer,  as  it  is  commonly 
called,  is  employed  chiefly  by  the  practitioners  of  medical 
electricity. 

Medical  Electricity.-^ In  judging  of  cases  proper  to  be  elec- 
trified, experience  shews,  that  in  general,  all  kinds  of  obstruc- 
tions, whether  of  motion,  of  circulation,  or  of  secretion,  are 
very  often  removed  or  alleviated  by  electricity.  The  same 
also  may  be  said  of  nervous  disorders;  both  which  include  a 
great  variety  of  diseases.  The  application  of  electricity  has  also 
been  found  a powerful  remedy  in  muscular  contractions.  But 
when  any  limb  is  deprived  of  motion,  it  must  be  observed,  that 
the  deprivation  has  not  always  originated  in  a contraction  of 
the  muscles,  but  that  it  is  often  occasioned  by  relaxation  t 
thns,  for  instance,  if  the  band  be  bent  inwardly,  the  patient 
has  no  power  of  straightening  it ; the  cause  of  it  may  he  a 
weakness  of  the  outward  muscles,  as  well  as  a contraction  of 
the  inward  ones.  In  such  cases,  it  is  difficult,  even  for  ana- 
tomists, to  discover  the  real  cause ; hut  the  sorest  method  is  to 
electrify  not  only  those  muscles  which  are  supposed  to  be  con- 
tracted, but  also  their  antagonists;  for,  to  electrify  a sound 
muscle  is  by  no  means  hurtful.  Rheumatic  disorders  of  long 
standing  are  relieved,  and  frequently  cared,  by  only  drawing 
the  electric  fluid  with  a point  from  the  part,  or  by  drawing 
sparks  from  the  conductor;  tbc  operation  should  be  continued 
for  about  four  or  five  minutes,  repeating  it  once  or  twice  every 
day.  When  strong  shocks  are  administered,  their  greatest 
number  should  not  exceed  12  or  14,  except  when  they  arc  to 
he  given  to  the  whole  body  in  different  directions.  The  instru- 
ments, which,  besides  the  electrical  machine  and  its  prime  con- 
ductor, are  necessary  for  the  administration  of  medical  elec- 
tricity, may  be  reduced  to  three,  pit.  an  electric  jar,  with 
Lane's  electrometer ; an  insnlated  chair,  or  an  insulated  stool, 
upon  which  a ebair  may  be  occasionally  net.  and  tho  directors. 

The  Identity  of  Lightning  and  Electricity. — Dr.  Frank liu 
proved,  by  a variety  of  experiments,  that  the  lightning  spark 
of  electricity,  and  the  lightning  that  flashes  from  the  clouds  in 
a thunder  storm,  are  exactly  of  the  same  kind,  and  operate  in 
tbc  same  manner,  &o.  The  particulars  in  which  lightning  and 
the  electric  fluid  agree,  are,  1.  Flashes  of  lightning  arc  gene- 
rally seen  crooked,  and  waving  in  the  air,  as  the  electric  spark, 
when  it  is  drawn  from  an  irregular  body  at  some  distance.  2 
Lightning  strikes  the  highest  and  most  pointed  objects  in  ils 
way,  in  preference  to  othera;  as  high  hills,  and  trees,  lowers, 
spires,  masts  of  ships,  points  of  spears,  and  the  like.  In  like 
manner,  all  pointed  conductors  receive  or  throw  off  the  electric 
fluid  more  readily  than  those  that  are  terminated  by  flat  sur- 
faces. 3.  Lightning  is  observed  to  take  tbc  readiest  and  best 
conductor.  So  does  electricity  in  the  discharge  of  the  Leyden 

Ehial.  For  this  reason  I>r.  Franklin  supposes,  that  it  would 
e safer,  during  a thunder  storm,  to  have  one’s  clothes  wet 
than  dry,  as  the  lightning  might  then,  in  great  measure,  be 
transmitted  to  the  ground,  by  the  water  on  the  oolside  of  the 
body.  It  is  found,  he  says,  that  a wet  rat  cannot  be  killed  by 
the  explosion  of  the  electrical  bottle,  but  that  a dry  rat  may. 
4.  Lightning  causes  combustion,  so  does  electricity.  Dr. 
Franklin  says,  that  he  could  kindle  with  it,  hard  dry  resin, 
spirits  un»armed,  and  even  wood.  &.  Lightning  sometimes 
dissolves  metals ; so  does  electricity.  6.  Lightning  has  often 
been  known  to  strike  people  blind.  And  a pigeon,  after  a vio- 
lent shock  of  electricity,  by  which  the  doctor  intended  to  have 
killed  it,  was  observed  to  have  been  struck  bliod.  7.  Light- 
ning destroys  animal  life.  Animals  have  likewise  been  killed 
by  the  shock  of  electricity.  The  largest  animals  which  Dr. 
Franklin  and  bis  friends  have  been  able  to  kill,  were  a hen, 
and  a turkey  which  weighed  about  ten  pounds. 

Thunder  is  merely  the  noise  produced  by  the  motion  of 
lightning.  Tbe  reason  why  we  do  not  hear  the  dreadful  noise 
of  the  thunder,  ns  soon  as  we  see  the  lightning,  ia,  because 
sound  is  longer  in  arriving  to  our  ears,  than  light  to  our  sight. 
Light  moves  almost  instantaneously.  Sound  moves  no  more 
than  1142  feet  in  a second. 
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Tkf  Thunder  House  Experiment. — The 
effects  of  the  electric  nutter,  when  it 
strikes  a building,  and  the  method  or  pre- 
venting it,  are  exemplified  by  an  instru- 
ment called  the  thunder  house,  represent- 
ing the  side  of  a house,  either  furnished 
with  a metallic  conductor  or  noL  A is 
a board  about  three-quarters  of  an  inch 
thick,  and  shaped  like  the  gable  end  of 
a house.  This  board  is  fixed  perpen- 
dicularly upon  the  bottom  board  B,  upon 
which  the  perpendicular  glass  pillar  C 
is  also  fixed,  hi  a hole  about  eight  inches 
distant  from  the  basis  of  A.  A small  hole  I L K M,  about  one- 
fourth  of  an  inch  deep,  and  nearly  one  inch  wide,  is  made  in 
the  board  A,  and  is  filled  by  a square  piece  of  wocul  of  nearly 
the  same  dimensimis,  it  being  necessary  that  it  should  fit  the 
bole,  in  order  to  drop  out  hy  the  least  shaking  of  the  instru- 
ment. A wire  I K,  is  fastened  diagonally  to  this  square  piece 
of  wood.  Another  wire  L II,  of  the  same  thickness,  having  a 
brass  ball,  H,  screwed  on  its  pointed  extremity,  is  fastened  on 
the  board  A,  so  also  is  the  wire  M N,  which  is  shaped  in  a 
ring  at  N.  From  the  upper  extremity  of  the  glass  pillar  C,.a 
crooked  wire  proceeds,  having  a spring  socket  F,  through 
which  a double-knobbed  wire  slips  perpendicularly,  the  lower 
knob  G of  which  falls  just  above  the  knob  H.  The  glass  pillar 
C must  not  be  made  very  fast  in  the  bottom  board,  but  it  must 
be  fixed  so  that  it  may  be  easily  moved  round  its  own  axis,  by 
which  means  the  brass  ball  G may  be  brought  either  nearer  or 
farther  from  the  ball  H without  touching  the  part  BFG.  Now 
when  the  square  piece  of  wood  L I M K (which  may  represent 
the  shutter  of  a window  or  the  like)  is  fixed  into  the  hole,  so 
that  the  wire  I K stands  in  the  direction  L M,  then  the  metallic 
communication  front  H to  N is  complete,  and  the  instrument 
resembles  a house  furnished  with  a proper  conductor;  but  if 
the  square  niece  of  wood  L I M K is  fixed,  so  that  the  wire  I K 
stands  in  the  direction  I K,  as  represented  in  the  figure,  then 
the  metallic  conductor  H N,  from  the  top  of  the  house  to  its 
bottom,  is  interrupted  at  L N,  in  which  case  the  house  is  not 
properly  secured. 

Fix  the  piece  L I M K.  so  that  the  wire  may  he  ns  repre- 
sented in  the  figure,  in  which  ease  the  metallic  conductor  If  N 
is  discontinued.  Let  the  ball  G be  fixed  perpendicularly  about 
half  an  inch  distance  from  the  ball  H M.onlv  turning  the  gluss 
pillar  C,  remove  the  former  ball  from  the  latter;  by  a wire  or 
cbaln.  connect  the  wire  E F with  the  wire  G of  the  jar  P.  and 
let  another  wire  or  chain,  fastened  to  the  hook  N,  touch  the 
outside  coating  of  the  jar.  Connect  the  wire  G with  the  prime 
conductor,  and  charge  the  jar;  then  by  turning  the  glass  pillar 
C,  let  the  ball  G come  gradually  near  the  ball  H,  and  when 
they  are  arrived  sufficiently  near  one  another,  the  jar  w ill  be 
discharged,  and  the  piece  of  wood  LIMK  will  be  pushed  out 
of  the  hole  to  a considerable  distance  from  the  thunder  house. 
The  ball  G in  this  experiment  represents  an  electrified  cloud, 
which,  when  it  arrives  sufficiently  near  the  top  of  the  house  A, 
discharges  into  it  the  electric  fluid  ; and  as  the  house  is  not 
secured  by  a proper  conductor,  the  explosion  breaks  part  of  it, 
t.  e.  knocks  out  the  piece  of  wood  I M.  Repeat  the  experi- 
ment ; bat  let  the  piece  of  wood  I M be  so  situated,  that  the 
wire  I K may  stand  in  the  situation  L M,  hy  which  the  con- 
ductor II  N will  not  be  discontinued  : in  this  case  the  explo- 
sion will  have  no  effect  upon  the  piece  of  wood  L M,  which 
shews  the  utility  of  metallic  conductors  for  houses. 

Variation  in  this  Experiment. — Unscrew  the  brass  ball  H 
from  the  wire  II  L,  so  that  it  may  remain  pointed,  and  with 
only  this  difference  in  the  apparatus,  repeat  these  two  experi- 
ments ; the  piece  of  wood  L N will  remain  immoveable,  and 
no  explosion  will  be  heard.  The  conductor  E F G in  this  ex- 
periment is  supposed  to  represent  n thunder  cloud  discharging 
its  contents  on  a weathercock,  or  any  other  metallic  substance 
on  the  top  of  a building ; hence  it  may  be  inferred,  that  if  there 
is  a metallic  communication  to  coudoct  the  electric  fluid  down 
to  the  earth,  the  building  will  receive  no  damage;  but  where 
the  connexion  is  imperfect,  it  will  strike  from  one  part  to  the 
other,  and  thus  endanger  the  whole  building.  Elevated  con- 
ductors applied  to  buildings  to  secure  them  from  lightning,  will 


in  this  manner  discharge  the  electricity  from  a cloud  that 
passes  over  them. 

Electrical  Phenomena. — The  various  phenomena  of  electricity 
may  be  divided  into  four  classes,  in  the  first  of  which  may  he 
included  all  those  experiments  which  serve  to  illustrate  elec- 
trical attraction  and  repulsion : in  the  second,  those  produced 
by  the  strrain  of  electricity  ; in  (be  third  class  may  he  ranged 
all  those  phenomena  which  aro  accompanied  with  luminous 
appearance  ; and,  lastly,  we  may  enumerate  those  more  formi- 
dable effects  arising  from  the  concentrated  electricity,  in  the 
experiments  with  the  Leyden  phial  and  the  electrical  battery. 

There  is.  a stone  found  in  many  parts  of  the  world  called 
tourmalin,  which  is  sometimes  crystallized  as  a nine-sided 
prism,  terminated  hy  a three-sided  and  a six-sided  pyramid; 
when  this  substance  is  gently  heated.it  becomes  electrical, and 
one  extremity,  that  terminated  by  the  six-sided  pyramid,  is 
positive,  the  other  is  negative:  to  a certain  extent,  its  elec- 
tricities arc  exalted  by  increasing  the  temperature;  when  it 
begins  tocool.it  is  still  found  electrical;  but  the  electricities 
arc  changed,  thr  pyramid,  before  positive,  is  now  negative, 
and  vice  versa.  When  the  stone  is  of  considerable  size,  flashes 
of  light  may  be  seen  along  its  surface.  There  arc  other  getns 
and  crystallized  substances,  which  possess  a property  similar  to 
that  of  the  tourmalin.  The  luminous  appearance  of  some  dia- 
monds, when  heated,  probably  depends  upon  their  electrical 
excitation.  The  substance  called  (he  Loruciie,  which  is  a cube, 
having  its  edges  and  angles  defective,  becomes  electrical  by 
heat,  and  in  one  variety  prescuts  no  less  than  right  sides,  in 
different  states,  four  positive,  four  negative;  and  the  opposite 
poles  are  in  the  direction  of  the  axes  of  the  crystal. 

ELECTUARY,  in  Pharmacy,  a form  in  which  both  official 
and  extemporaneous  medicines  are  frequently  made. 

ELEGIT,  in  Law,  a writ  of  execution,  which  lies  for  a per- 
son who  has  recovered  debt  or  damages  ; or  upon  a recogni- 
sance in  any  court,  against  a defendant  that  is  Dot  able  to 
satisfy  the  same  in  his  goods. 

ELEMENTARY,  any  thing  relating  to  the  principles  or  ele- 
ments of  bodies. 

ELEMENT,  in  Physiology,  a term  used  by  philosophers, 
to  denote  the  original  component  parts  of  bodies,  or  those  into 
which  they  arc  ultimately  resolvable.  It  was  the  opinion  of 
the  ancient  philosophers  that  there  arc  only  four  simple  bodies ; 
namely,  fire.  air.  water,  and  earth.  To  these  they  gave  the 
name  of  elements,  because  (hey  believed  that  ail  substances 
arc  composed  of  them.  But  we  now  know  that  these  supposed 
elements  arc  compounds ; fire  is  composed  of  calorie  and  light; 
a Mr  of  calorie,  oxygen,  and  azotic  gases  ; water  of  oxygen  and 
hydrogen  ; ami  the  earth  includes  various  different  substances. 

ELEMENTS  of  the  PLAN  STS,  in  Astronomy.  See  PlANiT. 

Elements  of  Geometry,  the  title  of  a celebrated  and  well- 
known  work  of  Euclid.  See  Geometry. 

Elements,  in  the  Higher  Geometry  or  Analysis,  denotes 
indefinitely  small  portions  of  curves,  surfaces,  and  solids. 

Elements,  in  Physics,  the  first  principles,  or  ingredients,  of 
which  bodies  are  composed.  These  are  supposed  to  be  few  in 
number,  unchangeable,  ami  hy  then  different  combinations  pro- 
ducing that  extensive  variety  of  objects  which  constitute  the 
works  of  nature. 

Elements  of  Bodies,  in  Chemistry.  When  we  contemplate 
the  world  that  we  inhabit,  wc  discover  a vast  variety  of  sub- 
stances differing  in  their  properties  of  weight,  colour,  &c.  from 
each  other.  When  we  examine  these  more  minutely,  wc  dis- 
cover also  that  almost  all  the  bodies  with  which  we  meet,  arc 
of  a mixed  or  compound  nature.  When  we  reduce  these  to  the 
principles  of  which  they  arc  composed,  we  find  that  the  num- 
hcr  of  simple  or  unmixed  bodies  is  very  limited,  and  that  all 
the  substances  with  which  we  arc  acquainted,  are  formed 
from  a combination,  in  various  proportions,  of  these  simple 
bodies.  The  elements  of  bodies,  then,  are  those  simple  sub- 
stances, of  which,  in  various  proportions  or  combinations,  all 
bodies  with  which  we  arc  acquainted  are  composed.  Formerly, 
air,  earth,  lire,  and  water,  were  supposed  to  be  the  elements  of 
which  all  bodies  arc  formed.'  But  modern  improvements  in 
chemistry  have  shewn  that  this  was  an  erroneous  supposition. 
For  it  is  well  known  that  the  air  or  atmosphere  is  a mixed 
body,  composed  of  several  aerial  fluids  or  gases,  so  that  instead 
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of  one  simple  kind  of  air,  it  is  now  known  that  there  arc  seve- 
ral sorts  of  air,  essentially  different  from  each  other.  It  is  also 
known,  that  instead  of  one  simple  kind  of  earth,  there  are 
several  kinds,  quite  different.  Water  is  found  not  to  he  a 
simple  body,  but  composed  of  two  different  kinds  of  air  united 
together.  With  the  nature  of  tire  wc  are  very  little  acquainted  ; 
but  this  we  can  say,  that  combustible  substances,  either  burn- 
ing or  otherwise;  are  not  simple  substances.  From  the  im- 
provements that  are  continually  making  in  the  methods  of 
anal> sing  bodies,  or  separating  them  into  tbeir  component 
principles  or  elements,  many  substances,  once  supposed  to  he 
simple,  are  found  to  be  compounds ; and  as  chemistry  con- 
tinues to  improve,  more  errors  of  this  kind  may  bo  corrected, 
and  our  inability  to  decompose  any  substance,  does  not  prove 
it  to  be  a simple  body  or  an  clement,  but  only,  perhaps,  that 
our  methods  of  analysis  arc  not  perfect.  For  the  sake  of  con- 
venience, however,  we  shall  at  present  consider  all  bodies  as 
elements  or  simple  bodies,  that  have  not  been  analyzed  or 
separated  into  component  parts. 

Almost  evrry  body  in  nature  is  susceptible  of  three  several 
states  of  existence;  viz.  solid,  liquid,  and  aeriform  ; and  these 
states  of  existence  depend  upon  the  quantity  of  caloric  com- 
bined with  the  body.  The  simple  substances  at  present  known 
ore  divided  into  three  classes;  viz.  imponderable  bodies,  as 
caloric,  and  light.  Supporters  of'  combustion,  as  oxygen, 
chlorine,  iodiue,  and  fluorine.  Combustible  and  incombustible 
substances,  as  carbon,  sulphur,  phosphorus,  hydrogen,  nitro- 
gen, boron,  silicon,  and  the  metals. 

ELEPHANT,  Elephas,  a genus  of  the  mammalia  class,  of 
the  order  bruta.  The  generic  character  is,  cutting-teeth  none 
in  either  jaw;  tusks  in  the  upper  jaw;  proboscis  very  long, 
prehensile;  body  nearly  naked.  There  are  two  species,  I.  The 
clcplias  maximus,  the  great  elephant.  2.  The  sukotyro.  The 
teetli,  which  arc  imported  into  Europe,  are  generally  from 
Africa,  where  they  arc  frequently  found  in  woods.  The  ele- 
phant is  undoubtedly  the  largest  of  all  terrestrial  animals, 
arriving  at  the  height  of  twelve  feet,  though  the  more  general 
height  seems  to  he  from  nine  to  ten  feet.  Elephants  arc  com- 
monly found  in  the  midst  of  shady  woods,  and  they  delight  in 
cool  spots,  near  rivers.  They  are  capable  of  swimming  with 
great  ease.  Their  general  food  consists  of  the  tender  branches 
of  various  trees,  as  well  as  grains  and  fhiits.  The  elephant 
brings  usually  one  young  at  a time  ; rarely  two ; the  young  are 
about  three  feet  high  when  they  are  first  born,  and  con- 
tinue growing  till  they  are  sixteen  or  twenty  years  old ; they 
are  said  to  live  a hundred  or  a hundred  and  twenty  years.  The 
sukotyro,  a native  of  Java,  according  to  Nieuhon,  who  has 
figured  in  his  travels  to  the  East  Indies,  is  a quadruped  of  a 
very  singular  shape.  Its  size  is  that  of  a large  ox ; and  the 
snout  like  thAt  of  a hog ; the  ears  round  and  rong;h ; and  the 
tail  thick  and  bushy.  The  eyes  are  placed  upright  in  the  head, 
quite  differently  from  those  of  other  quadrupeds.  On  each 
side  the  head,  staud  the  horns,  or  rather  teeth,  not  quite  so 
thick  ns  those  of  an  elephant  This  animal  feeds  upon  her- 
bage, and  is  hat  seldom  taken. 

ELEVATION,  denotes  the  height  or  altitude  of  any  object 

Elevation  of  the  Equator,  in  Astronomy,  is  an  arch  of  the 
meridian,  less  than  a quadrant,  intercepted  between  the  equa- 
tor and  the  horizon  of  the  place. 

Elevation  of  the  Pole,  is  an  arch  of  the  meridian  intercepted 
between  the  pole  and  the  horizon  of  the  place. 

Elevation  of  a Star,  is  an  arch  of  a vertical  circle  cootaioed 
between  a star  and  the  horizon,  and  in  the  same  manner  is 
estimated  the  elevation  of  any  other  of  the  heavenly  bodies. 

Elevation  of  a Piece  of  Ordnance,  in  the  theory  and  practice 
of  projectiles,  is  the  angle  tho  axis  of  the  gun  makes  with  the 
horizon. 

Elevation,  Angle  of.  in  Gunnery,  that  comprehended  be- 
tween the  horizon  and  the  line  of  direction  of  a cannon  or  mor- 
tar; or  it  is  that  which  the  chase  of  a piece,  or  the  axis  of  its 
hollow  cylinder,  makes  with  the  plane  of  the  horizon. 

Elevation,  in  Perspective,  the  representation  of  the  whole 
body  or  building,  as  in  architecture,  elevation  signifies  the 
whole  or  principal  face  of  a building. 

ELGEUAR,  the  name  of  the  bright  star  in  the  foot  of  Orion, 
moro  common'y  called  Rigcl. 


ELIMINATION,  in  Analysis,  that  operation  by  means  of 
which  all  the  unknown  quantities  except  one  are  exterminated 
out  of  an  equation,  whence  the  value  of  that  one  becomes  de- 
termined, and  hence  by  substitution  the  value  of  all  the  other 
quantities. 

ELISION,  in  Grammar,  is  the  cutting  off  a vowel  or  syllable 
in  a word,  as  in  “ th'  attempt,"  where  e is  cat  off,  because  coming 
before  a vowel. 

ELIXIR,  in  Medicine,  a compound  tincture,  extracted  from 
mnuy  efficacious  ingredients ; hence,  the  difference  between  a 
tincture  aud  an  elixir  seems  to  be  this: — A tincture  is  drawn 
from  one  ingredient,  as  the  tincture  of  rhubarb,  or  sometimes 
with  an  addition  of  another,  to  open  it,  and  to  dispose  it  to 
yield  to  the  menstruum  ; whereas  au  elixir  is  a tincture  extracted 
from  several  ingredients  at  the  same  time. 

ELK,  an  animal  of  the  deer  kind,  with  the  horns  palmated. 
and  without  a stem.  It  is  a native  of  the  northern  parts  of 
Europe,  and  is  a strong  animal,  equal  in  size  to  a horse,  but  fnr 
less  beautiful. 

ELL,  a measure  which  obtains,  under  different  denomina- 
tions, in  most  countries,  whereby  cloths,  stuffs,  linens,  silks, 
fitc.  arc  usually  measured.  The  ell  English,  is  6 quarters,  or  45 
inches ; the  ell  Flemish,  3 quarters,  or  27  inches.  In  Scotland, 
an  ell  contains  37  ^ inches  English. 

ELLIPSE,  is  one  of  the  conic  sections,  formed  by  the  inter- 
section of  a plane  and  cone,  when  the  plane  makes  a less 
angle  with  the  base  than  that  formed  by  the  base  and  the  side 
of  the  cone. 

The  word  is  derived  from  IXXirig,  defective,  and  is  thus 
denominated  by  Apollonius,  because  the  square  of  the  ordi- 
nate in  this  figure  is  always  less  than  the  rectangle  of  the 
parameters  and  abscisses. 

There  are  three  ways  in  w hich  wc  may  define  an  ellipse  ; viz. 
1.  As  beiug  produced  by  the  intersection  of  a plane  and  cone, 
as  we  find  it  treated  of  by  Apollonius  and  all  the  ancients.  2. 
According  to  its  description  in  piano,  as  it  is  treated  of  by 
several  of  the  moderns.  And  3.  As  being  generated  by  tho 
motion  of  a variable  line  or  ordinate,  along  another  line  or 
directrix,  whereby  the  properties  of  the  curve  are  treated  of,  by 
means  of  the  equation  by  which  it  is  deflned. 

The  several  lines  and  points  in  and  abont  an  ellipse,  as  the 
axis,  diameters,  parameter,  foci,  &c.  will  bo  found  defined  and 
explained  under  the  several  articles  in  this  Dictionary;  aud 
we  shall,  therefore,  in  this  place  merely  state  some  of  the  prin- 
cipal properties  of  the  figures,  without,  however,  attempting 
their  demonstration,  as  that  wonld  extend  this  article  to  too 
great  a length. 
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Properties  of  the  Ellipse. — 1.  The 
squares  of  the  ordinates  of  the  axis, 
are  to  each  other  as  the  rectangle  of 
the  abscisses.  Tffat  is, 

AF  . FB  : GF» : : AD  . DB : DE* 
Or  if  one  of  the  ordinates  be  taken 
at  the  centre  as  H C,  which  thus  be- 
come the  semiconj  agate,  then  be- 
cause AC  . CD  ~ AC*,  the  pro- 
portion becomes 
CH*  : : AD  . DB  : DE* 


or  by  doubling 

AB»  : HI*  ; : AD  . DB  : DE* 

That  is,  As  the  square  of  the  transverse  axis 
Is  to  the  square  of  the  conjugate. 

So  is  the  rectaogle  of  the  abscisses 
To  the  square  of  their  ordinate. 

2.  The  sum  of  two  tines  drawn  from  the  two  foci  to  any 
point  in  the  curve  is  always  equal  to  the  transverse  axis. 

That  is,  if  F,  f,  be  the  two  foci, 
and  F E,/E,  two  lines  drawn  from 
them  to  any  point  E in  the  curve, 
then  F E -f  / E r=  A B,  fig.  1. 

From  this  property  is  derived  tho 
common  method  of  describing  the 
curve  mechanically  by  points,  or  by 
a thread  thus,  fig.  2: 

In  the  transverse  axis  take  the 
foci  F, /,  and  any  point  I.  Then 
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will  the  radii  A I,  I B,  describe,  from 
the  centres  V,f,  two  arc*  intersect- 
ing each  other  in  M,  which  will  be  a 
point  in  the  carve.  In  like  manner 
assume  other  points  1,  and  thus  de- 
termine other  points  ra,  tn,  (to.  Then 
with  a steady  hand  a curve-line  may 
be  dm  mi  through  all  the  points  of 
intersection  which  will  be  the  ellipse 
required. 

Or,  otherwise,  take  a thread  of  the  length  A 1!  the  transverse 
axis,  and  fix  its  two  ends  in  the  foci  F ,f,  (see  tig.  2.)  Then 
carry  a pen  or  pencil  I*,  round  by  tbe  thread,  keeping  it  always 
stretched,  and  its  point  will  trace  out  the  ellipse,  a*  is  e ident 
from  the  property  above  stated. 

Other  methods  of  describing  the  ellipse  in  piano  arc  given 
in  tbe  subsequent  part  of  ibis  article. 

3.  If  a tangent  be  drawn  to  any  point  in  an  ellipse,  and  two 
lines  drawn  from  the  two  foci  to  the  point  of  contact,  these 
two  lines  will  form  equal  angles  with  the  tangent. 

That  is,  if  II  T be  a tan- 
gent to  llie  ellipse  at  G, 
and  the  two  lines  F Q,f  G 
from  the  two  foci  l>e  drawn, 
then  will  the  angle  TGF  = 
the  angle  II  G f.  1 

It  is  this  property  that 
gives  the  name  toci  to  the 
two  points  F ,f  for  as  opti- 
cians find  that  the  angle  of  incidence  is  equal  to  the  angle  of 
reflection;  it  follows  from  the  above  property,  that  rays  of 
light  issuing  from  the  one  focus,  and  meeting  the  curve  in 
every  point,  will  be  reflected  back  into  the  other  focus,  and 
hence  these  points  are  denominated  foci,  or  tammy  point*. 

This  property  may  be  otherwise  illustrated  by  considering 
a billiard  table  in  the  form  of  an  ellipse,  then  a ball  being 
struck  so  as  to  pass  through  one  focus  in  any  direction,  it  will 
be  reflected  back  again  through  the  other  focus,  then  again 
through  the  first,  and  so  on,  as  long  as  the  ball  continues  in 
motion. 

4.  If  there  be  any  number  of  ellipses  described  on  the  same 
transverse  axis,  and  any  ordinate  he  drawn  so  as  to  meet  ail 
those  ellipses,  the  tangents  to  the  several  ellipses  at  those 
points  will  all  terminate  in  one  common  point  in  the  prolong- 
merit  of  the  transverse  axis. 

That  is,  if  A II  B,  A H'  B, 
be  any  two  ellipses,  having 
the  same  transverse  axis; 
and  D H II'  be  any  common 
ordinate,  then  the  two  tan- 
gents H T,  H'T,  will  be 
terminated  in  the  common 
point  T. 

And  as  this  is  necessarily 
true  when  AH'B  becomes  a circle,  wc  have  lienee  an  easy 
method  of  drawing  a tangent  to  any  point  in  an  ellipse ; which 
is  as  follows : 

Let  H be  the  point  to  which  a tangent  is  to  be  drawn  ; draw 
the  right  ordinate  D H,  and  produce  it  indefinitely ; on  A B 
describe  a semicircle  meeting  the  ordinate  produced  in  H'; 
join  H'C,  and  draw  H'T  perpendicular  to  H'C,  meeting  the 
transverse  produced  in  T,  then  T H will  be  the  tangent  required. 

6.  The  ordinate  H'  T,  in  the  circle,  is  to  the  ordinate  H T of 
the  ellipse,  as  the  transverse  axis  of  tbe  ellipse  is  to  its  con- 
jugate axis.  And  if  a circle  were  described  on  the  conjugate 
axis,  and  an  ordinate  drawn  as  before,  then  the  ordinate  of  the 
circle  would  be  to  the  corresponding  ordinate  in  the  ellipse,  as 
the  conjugate  axis  of  the  ellipse  is  to  its  transverse.  And 
hence  it  follows  that  the  area  of  any  ellipse  is  a mean  propor- 
tional hotween  the  area  of  the  circles  described  on  its  two  axes. 

6.  Every  parallelogram  circumscribed  about  an  ellipse,  at 
the  extremities  of  any  pair  of  its  conjugate  diameters,  is  equal 
to  the  rectaoglc  of  its  two  axes. 

7.  The  sum  of  the  squares  of  any  pair  of  conjugate  diameters 
i«  always  equal  to  the  sum  of  the  squares  of  the  two  axes  of 
the  ellipse. 


Dftci'iption  of  the  Ellipse  in  piano. — Besides  the  two  melliods 
of  describing  an  ellipse,  given  in  proposition  2,  there  are 
several  others,  by  instrumental  operation,  of  which  tbe  follow- 
ing are  the  most  simple : 

1.  If  two  rulers  F G,/H,  fig.  1.  each 
equal  in  length  to  tbe  transverse  axis 
A B,  have  their  extremities  fixed  in 
the  foci  so  as  to  be  moveable  round 
these  points;  and  if  the  other  extre- 
mities of  the  rulers  be  connected  by 
a third  ruler  H G,  which  is  equal  in 
length  to  F f.  the  distance  of  the  (wo 
foci  so  as  to  be  moveable  about  the 
two  points  H and  G ; then  if  the  ruler 
H G be  moved  round  the  centres  F 
and  f.  the  intersection  of  the  rulers 
F G,/H,  in  E will  describe  the  peri- 
pbet)  of  an  ellipse,  of  which  A B is 
the  transverse  axis,  and  F the 
two  foci. 

2.  Let  there  be  two  rulers,  A B, 
II  I,  fig.  2.  set  at  right  angles  to  each 
other,  and  let  a third  ruler,  D E P,  be 
moved  along,  so  that  the  points  P 
and  E constantly  touch  tire  two  rulers 
A B,  HI;  so  will  the  point  P de- 
scribe tbe  periphery  of  an  ellipse. 
On  this  principle  sre  constructed 
Elliptic  Compasses.  which  tee. 

3.  If  one  end  C,  fig.  3.  of  any  two 
equal  rulers  CD.  DP,  which  are 
moveable  about  tbe*point  D,  like  a 
carpenter’s  joint  rule,  be  fastened  to 
the  ruler  A B,  so  as  to  be  moveable 
about  C ; and  if  the  end  P,  of  tbe 
ruler  D P,  be  drawn  along  the  side  of 
the  ruler  A B,  then  any  point  E,  taken 
in  the  side  of  tbe  ruler  D P,  will  de- 
scribe an  ellipse  whose  centre  is  C, 
conjugate  axis  = 2EP,  and  trans- 
verse ~2C  D — 2 D E. 

Area  of  an  Ellipse. — Multiply  the  two  axes  together,  and 
that  product  again  by  *7864,  which  will  be  the  area  required. 

Area  of  an  Elliptic  Segment. — Find  the  area  of  the  corre- 
sponding circular  segment,  described  on  the  same  axis  to 
which  the  cutting  line  or  base  of  the  segment  is  perpendicular. 
Then  ms  this  axis  is  to  tbe  other  axis,  so  is  the  circular  seg- 
ment to  that  of  the  ellipse.  Or,  find  the  tabular  circular  seg- 
ment whose  versed  sine  is  equal  to  the  quotient,  of  the  height 
of  the  elliptic  segment  divided  by  its  axes.  Then  multiply 
together  this  segment,  and  the  two  axes  of  the  ellipse,  for  the 
area  of  the  segment. 

ELLIPSIS,  in  Grammar,  a figure  in  syntax,  in  which  one  or 
more  words  are  not  expressed. 

ELLIPTIC,  or  Elliptical,  something  relating  to  an  ellipse. 

Elliptic  Are,  is  any  part  of  tbe  periphery  of  an  ellipse*. 

Elliptic  Compasses.  See  Compasses. 

Elliptic  Conoid,  the  same  as  spheroid. 

Elliptic  Dial , an  instrument  usually  made  to  fold  op  for 
the  convenience  of  the  pocket.  By  this  dial  is  found  the 
meridian,  bour  of  the  day,  the  rising  and  setting  of  the  sun,  Itc. 

Elliptic  Spindle,  Is  the  solid  generated  by  the  revolution  of 
any  segment  of  an  ellipse  about  ils  chord. 

ELLIPTICITY  of  the  Terrestrial  Spheroid,  is  the  differ* 
ence  between  the  major  and  the  minor  semiaxes ; it  is  gene- 
rally expressed  in  terms  of  tbe  former,  that  is,  of  the  radius  of 
tbe  eqnator.  The  quantity  of  tbe  ellipticity  has  been  variously 
assigned  by  different  mathematicians:  Sir  Isaac  Newton,  sup- 
posing the  earth  of  uniform  density,  gave  ,io  f°r  the  ellipticity ; 
Boscovich,  from  a mean  of  several  admeasurements,  slated  it 
at  rii?  LaJande,  Laplace,  dr:  Sejour,  Carouge,  ; 
Krafft,  and  Playfair,  from  a theorem  of  Clairault  applied 
to  the  heterogeneous  spheroid,  states  it  at  jjfo.  Setting  aside 
those  which  are  deduced  from  the  hypothesis  of  uniform  de»- 
*itr,  ric  may  be  admitted  as  the  roost  probable  value  of  the 
ellipticity. 
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ELOGY,  praise  or  panegyric  bestowed  on  any  person  or 
thing,  in  consideration  of  its  merit.  The  beauty  of  elogy  con- 
sists in  brevity.  Eulogiums  should  not  hare  so  much  as  one 
epithet  properly  so  called,  nor  two  words  synonymous.  They 
should  strictly  adhere  to  truth ; for  extravagant  and  improbable 
elogics  lessen  the  character  of  the  person  they  would  extol. 

ELONGATION,  in  Astronomy,  the  angle  under  which  we 
see  a planet  from  the  sun,  when  reduced  to  the  ecliptic,  or  it  is 
the  angle  formed  by  two  lines  drawn  from  the  earth  to  the  snn 
and  planet,  when  reduced  as  above.  The  greatest  cloogatioa 
is  the  greatest  distance  to  which  the  planets  recede  from  the 
sun,  which,  however,  ouly  relates  to  the  inferior  planets 
Mercury  and  Venus  ; for  it  is  obvious,  that  any  of  the  superior 
planets  may  be  16()P  distance  from  the  son,  or  in  opposition. 
The  greatest  elongation  of  Venus,  according  to  our  modern 
tables,  is  from  44°  57*  to  47°  48*,  and  that  of  Mercury  from 
17°  to  28° ‘.20'. 

ELOPEMENT,  is,  when  a married  woman  of  her  own  accord 
departs  from  her  husband,  and  dwells  with  an  adnlterer ; for 
which,  without  voluntary  reconciliation  to  the  husband,  she 
shall  lose  her  dower.  Except  that  her  husband  willingly,  and 
without  coercion  of  the  ehurch,  reconcile  her,  and  suffer  her 
to  dwell  with  him,  in  which  caso  she  shall  be  restored  to  her 
action.  By  eloping  and  living  apart  from  the  husband,  he  is 
discharged  of  the  future  debts,  and  no  longer  liable  to  support 
her. 

EL  VELA,  a genus  of  plants  belongiog  to  the  cryptogramia 
class,  and  the  order  of fungi. 

ELY  M US,  a genus  of  points  belonging  to  the  class  triandria, 
and  in  the  natural  method  ranking  under  the  4th  order  gramina. 

KM  BALM  INC,  is  the  opening  of  a dead  body,  and  having 
taken  out  the  entrails,  filling  it  with  odoriferous  drugs  and 
spices,  to  prevent  its  putrefying,  and  then  pickling  it  in  a solu- 
tion of  nitre  for  two  months  and  a half.  The  body  was  then 
wrapped  op  in  bandages  of  fine  linen  and  gums,  and  magnifi- 
cently painted,  and  placed  in  a coffin  or  sarcophagus. 

EMBARGO,  in  Commerce,  an  arrest  on  ships,  or  merchan- 
dise, by  poblic  authority  ; or  a prohibition  of  state,  commonly 
on  foreign  ships,  in  time  of  war,  to  prevent  their  going  out  of 
ort ; sometimes  to  prevent  their  coming  in ; and  sometimes 
oth  for  a limited  time. 

EMBASSADOR,  or  Ambassador,  a public  minister  sent 
from  one  sovereign  prince,  as  a representative  of  his  person,  to 
another.  Embassadors  are  either  ordinary  or  extraordinary. 

EMBAYED,  the  situation  of  a ship  when  she  is  enclosed 
between  two  capes  or  promontories  ; it  is  particularly  applied 
when  the  wind,  by  blowing  strong  into  any  bay  or  gulf, 
makes  it  extremely  difficult,  and  perhaps  impracticable,  for  the 
vessel  thus  enclosed  to  draw  off  from  the  shore,  so  as  to 
weather  the  capes  and  gain  the  offing 

EMBER  Wf.kks,  or  Dayt,  in  the  Christian  chnrcb,  are  cer- 
tain seasons  of  the  year  set  apart  for  the  imploring  God's 
blessing,  by  prayer  and  fasting,  upon  the  ordinations  performed 
in  the  church  at  such  times.  The  ember  weeks  were  formerly 
observed  in  different  e.hurches  with  some  variety,  but  were  at 
last  settled  as  they  are  now  observed,  by  the  council  at  Placen- 
tia. anno  1006. 

EM  BE  BIZ  A.  a genus  of  birds  belonging  to  the  order  of 
passeres,  of  which  there  are  24  species,  among  which  the  most 
remarkable  are.  The  nivalis,  or  great  pied  mountain-finch  of 
Ray,  and  the  snow-bird  of  Edwards;  it  has  white  wings,  but 
the  outer  edges  of  the  prime  feathers  are  black;  the  tail  is 
black,  with  three  white  feathers  on  each  side.  These  birds  are 
called  in  Scotland  snow  flakes,  from  their  appearance  in  hard 
weather.  They  arrive  in  that  season  among  the  Cheviot-hills, 
and  in  the  Highlands  in  flocks.  The  tniliaris,  or  gray  emberixa, 
is  of  a grayish  colour,  spotted  with  black  on  the  belly,  and  the 
orbits  are  reddish.  It  is  the  bunting  of  English  authors.  The 
bortillana,  or  ortolan,  has  black  wings  ; the  first  three  feathers 
on  the  tail  are  white  on  the  edges,  only  the  two  lateral  are 
black  outwardly.  The  orbits  of  the  eyes  are  naked  and  yellow; 
the  head  is  greenish,  and  yellow  towards  the  inferior  mao- 
dible.  It  feeds  principally  upon  the  millet,  grows  very  fat,  and 
is  reckoned  a dclimtc  morsel  by  certain  epicures,  especially 
when  fattened  artificially. 

EMBEZZLEMENT,  the  act  of  a servant  secreting  or  making 
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away  with  property  intrusted  to  him.  It  is  felony , and  subjects 
the  offender  and  his  abettors  to  transportation. 

KMBQLIM;f?AN,  and  Ewbolismic,  Jnierralary,  is  chiefly 
used  in  speaking  of  the  additional  months  inserted  by  chrono- 
logists  to  form  the  lunar  cycle  of  10  years. 

EMBOLISMUS,  in  Chronology,  signifies  intercalation.  As 
the  Greeks  made  use  of  the  lunar  year,  which  is  only  364  days, 
in  order  to  bring  it  to  the  solar,  which  is  3fi5  days,  they  had 
every  two  or  three  years  an  embolism,  »,e.  they  added  a I3th 
lunar  mouth  every  two  or  three  years,  which  additional  month 
they  called  tmbolinuttu,  because  inserted  or  intercalated. 

EMBOLUS,  the  piston  or  sucker  of  a pump. 

EMBOSSING,  or  Imbossikc,  in  Architecture  and  Sculp- 
ture, the  forming  or  fashioning  works  in  relievo,  whether  cot 
with  a chisel  or  otherwise. 

EMBRACERY,  an  attempt  to  corrupt  or  influence  a jury, 
or  any  way  incline  them  to  dc  more  favourable  to  the  one  side 
than  the  other,  by  money,  promises,  letters,  threats,  or  persua- 
sions; whether  the  juror  give  verdict  or  not,  or  whether  the 
verdict  given  be  true  or  false,  which  is  punished  by  fine  and 
imprisonment ; and  the  juror  taking  money,  perpetual  infamy, 
imprisonment  for  a year,  and  forfeiture  of  tenfold  the  value. 

EMBRASURE,  In  Fortification,  a hole  or  aperture  in  • 
parapet,  through  which  the  cannon  are  pointed  to  fire  into  the 
moat  or  field. 

EMBROCATION,  in  Sorgery  and  Pharmacy,  an  external 
remedy,  consisting  in  an  irrigation  of  the  part  with  some  pro- 
per liquor,  as  oil,  spirits,  &c. 

EMBROIDERY,  a work  in  gold  or  silver,  or  silk  thread, 
wrought  by  the  needle  upon  cloth,  stuffs,  or  muslin,  into 
various  figures.  In  embroidering  stuffs,  the  work  is  performed 
in  a kind  of  loom,  because  the  more  the  piece  is  stretched,  the 
easier  it  is  worked.  As  to  muslin,  they  spread  it  upon  a pat- 
tern ready  designed,  and  sometimes,  before  it  is  stretched  upon 
the  pattern,  it  is  starched,  to  make  it  more  easy  to  handle. 

EMBRYO,  in  Physiology,  the  first  rudiments  of  an  animal 
in  the  womb,  before  the  several  members  are  distinctly  formed ; 
after  whirli  period  it  is  denominated  a firtus. 

EMERALD,  is  a well-known  gem  of  pure  green  colour, 
somewhat  harder  than  quartz.  Its  natural  form  is  either 
rounded,  or  a short  six-aided  prism.  By  the  ancients  the 
emerald  was  in  great  request,  particularly  for  engraving  upon. 
They  are  said  to  have  procured  it  from’  Ethiopia  and  Egypt. 
The  most  intensely  coloured  and  valuable  emeralds  that  we 
are  acquainted  with  are  brought  from  Peru.  They  are  found 
in  clefts  and  veins  of  granite,  and  other  primitive  rocks,  and 
oftentimes  grouped  with  the  crystals  of  quartz,  felspar,  and 
mica.  The  emerald  is  one  of  the  softest  of  the  precious  stones, 
and  is  almost  exclusively  indebted  for  its  value  to  its  charming 
colour.  The  brilliant  purple  of  the  ruby,  the  golden  yellow  of 
the  topaz,  the  celestial  blue  of  the  sapphire,  are  all  pleasing 
tints;  hut  the  green  of  the  emerald  is  so  lovely,  that  the  eye, 
after  glancing  over  all  the  others,  finds  delight  in  resting  upon 
this.  In  value  it  is  rated  next  to  the  ruby  ; and  when  of  good 
colour.  Is  set  without  foil,  and  upon  a black  ground,  like  bril- 
liant diamonds.  Emeralds  of  inferior  lustre  are  generally  set 
upon  a green  gold  foil.  These  gems  are  considered  to  appear 
to  greatest  advantage  when  table  cut,  as  in  the  figure,  and  sur- 

O rounded  by  brilliants,  the  lustre  of  which  forms 
an  agreeable  contrast  with  the  quiet  hue  of  the 
emerald.  They  ore  sometimes  formed  into  pear- 
shaped,  ear-drops,  but  the  most  valuable  stones 
are  generally  set  in  rings.  A favourite  mode 
of  setting  emeralds  among  the  opulent  inhabitants  of  South 
America,  is  to  make  them  up  to  clusters  of  artificial  flowers  on 
gold  stems.  The  largest  emerald  that  has  been  mentioned, 
is  one  said  to  have  been  possessed  by  the  inhabitants  of  the 
Valley  of  Manta,  in  Peru,  at  the  time  when  the  Spaniards  first 
arrived  there.  It  is  recorded  to  have  been  as  big  as  an 
ostrich's  egg,  and  to  have  been  worshipped  by  the  Peruvians, 
under  the  name  of  the  Goddess  or  Mother  of  Emeralds.  They 
brought  smaller  ones  as  offerings  to  it,  which  the  priests  dis- 
tinguished by  the  appellation  of  daughters.  Many  fine  emeralds 
are  stated  to  have  formerly  been  bequeathed  to  different 
monasteries  on  the  continent ; but  the  greatest  part  of  them  are 
said  to  have  been  sold  by  the  monks,  and  to  have  had  thoir 
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place  supplied  with  coloured  glut  imitations.  These  stones  ; 
are  seldom  seen  of  large  sixe,  aud  at  the  same  time  entirely 
free  from  Haws.  The  emerald,  If  heated  to  a certain  degree, 
assumes  a blue  colour,  but  it  recovers  its  own  proper  tint  when 
cold.  When  the  heat  is  carried  much  beyond  thii  it  melts 
into  an  opaque,  coloured  mass.  The  Oriental  emerald  is  a 
variety  of  the  ruby,  of  a green  colour,  and  an  extremely  rare  ! 
gem. 

EMERGENT  Year,  In  Chronology,  is  the  first  year  of  any 
particular  sera. 

EMERSION,  in  Astronomy,  is  the  re-appearance  of  the  sun, 
moon,  or  a planet,  after  haviug  been  eclipsed  by  tbe  interposi- 
tion of  the  moon,  earth,  or  other  body.  This  term  is  sometimes 
also  used  to  denote  the  re-appearance  of  a star,  which  had  been 
hid  in  the  son’s  rays.  Emersion  is  also  used  to  denolo  tbe 
rising  of  a solid  body  above  a fluid  in  which  it  floats. 

Minute t or  Scruples  of  Embrsion,  in  a lunar  eclipse,  is  the 
arc  of  tbe  moon's  orbit  which  she  has  passed  over,  from  the 
time  she  begins  to  emerge  out  of  the  earth's  shadow,  to  the 
end  of  the  eclipse. 

EMERSON,  William,  a very  eccentric  man,  but  an  excel- 
lent mathematician,  boro  in  1701  at  Hurworth,  in  the  oounty 
of  Durham  ; had  a small  paternal  estate  of  about  £70  per 
annum,  to  which  be  for  some  time  added  the  profits  of  a small 
day  • school;  this,  however,  he  afterwards  discontinued,  and 
lived  upon  the  income  of  his  estate,  and  the  trilling  profits 
arising  from  his  works,  which  were  very  numerous.  Emerson 
died  on  the  20th  May.  1782,  in  the  81st  year  of  his  age. 

EMERY,  is  a very  hard  mineral  of  blackish  or  bluish  gray 
colour,  is  chiefly  found  in  shapeless  masses,  and  mixed  with 
Other  minerals.  It  contains  about  80  parts  in  WO  of  alumine, 
and  a small  portion  of  iron,  is  usually  opaque,  and  about  four 
times  as  heavy  as  water.  The  best  emery  is  brought  from  the 
Levant,  and  chiefly  from  Naxos,  and  other  islands  of  the 
Grecian  Archipelago.  It  is  also  found  in  some  parts  of  Spain  ; 
and  is  obtained  from  a few  of  the  iron  mines  in  our  own  coun- 
try. In  hardness  it  is  nearly  equal  to  adamantine  spar,  and 
this  property  has  rendered  it  an  object  of  great  request  in 
various  arts.  It  is  employed  by  lapidaries  in  the  cutting  and 
polishing  of  precious  stones  ; by  opticians,  in  smoothing  tbe 
surface  of  the  fioer  kinds  of  glass,  preparatory  to  their  being 
polished  ; by  cutlers,  and  other  manufacturers  of  iron  and 
Steel  instruments  ; by  masons,  in  the  polishing  of  marble ; and 
in  their  respective  businesses,  by  locksmiths,  glaziers,  and 
numerous  other  artisans.  For  all  these  purposes,  it  is  pulver- 
ised in  large  irou  mortars,  or  in  steel  mills  ; and  the  powder, 
which  is  rough  and  sharp,  is  carefully  washed,  and  sorted  into 
five  or  six  different  degrees  of  fineness,  according  to  the 
description  of  work  in  winch  it  is  to  be  employed. 

EMETIC,  a medicine  which  induces  vomiting. 

Emetic  Tartar,  the  old  name  for  tartrite  of  antimony. 

K.MINENTIAL  Equation,  a term  used  by  some  authors  for 
a certain  assumed  equation,  which  involves  in  itaelf  several 
particular  equations. 

EMOLLIENTS,  in  Medicine  and  Pharmacy,  such  remedies 
as  soften  the  asperity  of  the  humour>,  and  relax  aud  supplo 
tbe  solids. 

EMPIS,  in  Zoology,  a genus  of  insects  belonging  to  the 
order  diplera,  tbe  proboscis  of  a horny  substance,  bivalve, 
reflected  under  the  bead  and  breast,  and  longer  thun  the 
thorax.  There  are  five  species. 

EMULGENT,  or  Renal  Arteries,  those  which  supply  the 
kidneys  with  blood  ; being  sometimes  single,  and  sometimes 
double  on  each  side. 

EMULSION,  a milky-lnuking  fluid,  caused  by  on  imperfect 
combination  of  oil  with  water  by  means  of  mucilage,  gluten,  ■ 
&c.  All  oily  farinaceous  seeds,  as  nuts,  almonds,  linseed.  &c. 
form  an  emulsion  by  trituration  with  water ; yolk  of  egg.  which 
is  a natural  compound  of  oil  and  albumen,  makes  a similar 
emulsion. 

ENAMEL  Painting,  is  performed  on  plates  of  gold,  silver, 
or  copper,  with  certain  metallic  or  earthy  colours,  melted  by 
intense  heat.  Fine  enamelling  should  only  bo  practised  on  j 
plates  of  gold.  Nor  must  the  plate  he  made  flat ; as  in  that  - 
case,  the  enamel  cracks  ; but  in  the  form  of  a watch-glass,  and 
uot  too  thick.  The  plate  being  well  forged,  the  operation  is  j 


begun  by  laying  on  a coat  of  white  enamel  on  both  sides, 
which  prevents  the  metal  from  blistering,  ami  this  first  laser 
serves  for  the  ground  of  the  other  colours.  Tbe  plate  being 
prepared,  the  subject  to  be  painted  is  drawn  with  red  vitriol, 
mixed  with  oil  of  spike,  marking  all  parts  of  the  design  lightly 
with  a pencil.  Tbe  colours,  which  are  previously  ground  with 
water,  extremely  fine,  in  a mortar  of  agate,  and  mixed  with  oil 
of  spike,  are  laid  on.  The  painting  is  afterwards  gently  dried 
over  a slow  fire  to  evaporate  the  oil,  and  tbe  colours  melted 
to  incorporate  them  with  the  enamel,  making  the  plate  red-hot. 
Any  part  of  the  painting  effaced,  is  passed  over  sixain,  strength- 
ening the  shades  and  colour,  committing  it  again  to  the  fire ; 
and  this  is  repeated  till  tbe  work  is  finished.  This  painting  is 
employed  in  miniature. 

Enamel  possesses  all  the  properties  of  glass,  except  its 
transparency.  Tbe  basis  of  enamels  is  a pure  crystal  glass  or 
frit,  ground  together  with  a fine  calx  of  lead  and  tio,  with  the 
addition  of  a auuill  proportion  of  the  white  salt  of  tartar. 
Tiiese  form  the  principal  ingredients  of  all  enamels,  which  are 
made  bt  adding  pulverised  colours,  and  thoroughly  incorpo- 
rating the  whole  iu  a furnace.  Enamels  arc  used  to  counter- 
feit or  imitate  precious  stones,  as  well  as  for  painting ; or  by 
enamcllers  and  artists  working  in  gold,  silver,  and  other 
metals.  That  used  by  jewellers  is  brought  chiefly  from  Venice, 
or  Holland,  in  cakes. 

ENCAUSTIC  Painting,  was  In  use  among  the  ancients, 
who  employed  wax  »<>  give  a gloss  to  the  colours,  and  to  pre- 
serve them  from  injury.  The  art  was  restored  by  Count 
Caylus,  in  1753.  Tire  wood  or  doth,  stretched  on  a frame,  is 
rubbed  over  with  bees’  wax.  being  at  the  same  time  held  over, 
or  before  a fire,  at  »oeb  distance  that  Che  wai  may  gradually 
melt,  while  it  is  rubbed  on.  It  must  diffuse  itself,  penetrate 
the  body,  and  fill  the  texture  of  tbe  cloth,  which,  when  cool,  is 
fit  to  be  used.  But  to  make  the  colours,  which  are  ground  in 
water,  adhere  to  the  wax,  the  whole  surface  is  first  rubbed 
over  with  Spanish  chalk,  or  while,  the  colours  arc  then  applied. 
When  the  picture  is  dry,  it  is  pot  near  the  fire,  by  which  the 
wax  is  melted,  and  the  colours  absorbed.  They  are  not  liablo 
to  fade  or  change  ; no  damp  or  corrosive  substance  ean  affect 
them ; they  have  no  tendency  to  crack ; and,  if  by  accident 
they  receive  injury,  they  can  be  easily  repaired. 

About  the  year  1787.  a Misa  Greenland,  who  acquire^  some 
knowledge  in  this  art  at  Florence,  communicated,  with  the  pre- 
sentation of  a painting,  her  method  of  proceeding,  to  the  Society 
of  Arts.  Her  directions  are  the  following:—**  Take  an  ounce 
of  white  wax,  and  the  same  weight  of  gum  mastich,  powdered. 
Pul  the  wax  in  a glased  earthen  vessel,  over  a very  slow  fire ; and 
when  it  is  quite  dissolved,  strew  in  the  maxtich,  a little  at  a 
time,  stirring  the  wax  continually,  until  the  whole  quantity  of 
gum  is  perfectly  melted  and  incorporated  ; then  throw  the 
paste  into  cold  water,  and  when  it  is  hard  take  it  out  of  the 
water,  wipe  it  dry,  and  beat  it  in  one  of  Mr.  Wedgewood's 
mortars,  observing  to  pound  it  first  in  a linen  cloth,  to  absorb 
some  drops  of  water  that  will  remain  in  the  paste,  and  prevent 
the  possibility  of  reducing  it  to  a powder,  which  must  be  so 
fine  as  to  pass  through  a thick  gauze.  It  should  he  pounded 
in  a cold  place,  and  bat  a little  while  at  a time  ; as  after  long 
beating,  the  friction  will  in  a degree  soften  the  wax  and  the 
gum,  and  instead  of  their  becoming  a powder  they  w ill  return 
to  a paste. 

“ Make  strong  gum-arabic  water  ; and  when  you  paint,  take 
a little  of  the  powder,  some  colour,  and  mix  them  together  w ith 
the  gam  water.  Light  colours  require  bat  a small  quantity  of 
the  powder,  but  more  of  it  must  be  put  in  proportion  to  tbe 
body  and  darkness  of  tbe  colours  ; and  to  black  there  should 
be  almost  as  much  of  the  powder  as  colour. 

“ Having  mixed  the  colours,  and  no  more  than  can  be  used 
before  they  get  dry.  paint  with  fair  water,  as  is  practised  in 
painting  with  water  colours,  a ground  on  the  wood  being  first 
painted  of  some  proper  colour,  prepared  in  the  same  manner  as 
is  described  for  the  picture ; walnut  tree  and  oak  arc  the  sorts 
of  wood  commonly  made  use  of  in  Italy  for  this  purpose.  The 
painting  should  be  very  highly  finished,  otherwise,  when  varn- 
ished, the  tints  will  not  appear  united. 

“ When  the  painting  is  ouite  dry,  with  rather  a hard  brash, 
passing  it  one  way,  varnish  it  with  white  wax,  which  is  put 
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into  an  earthen  vessel,  and  kept  melted  oter  a very  slow  fire  | 
till  the  picture  is  varnished,  taking  (treat  care  that  the  wax 
does  not  boil.  Afterwards  hold  the  picture  before  the  fire,  near 
enough  to  melt  the  wax,  but  not  to  make  it  run  ; and  when  the  I 
varnish  is  cntirclv  cold  and  hard,  rub  it  gently  with  a linen  | 
cloth.  Should  tfic  varnish  blister,  warm  the  picture  again,  l 
very  slowly,  and  the  bubbles  will  subside.  When  the  picture  1 
is  dirty,  it  need  only  be  washed  with  cold  water/' 

The  Society  considered,  that  Miss  Greenland's  method 
provides  against  all  inconveniences  ; and  the  brilliancy  of  the 
colours  in  the  picture  painted  by  her,  and  exhibited  to  the 
Society,  fully  justifies  the  opinion,  that  the  Art  of  Painting  in 
Wax,  as  above  described,  merited  tbc  reward  of  a gold  pallet, 
which  was  voted  to  her  on  this  occasion. 

ENCITASING,  or  Chasino,  is  the  art  of  enriciung  and 
beautifying  gold, silver,  and  other  metal  work,  liy  some  designs 
or  figures  represented  thereon  in  low  relievo,  as  on  watch 
cases,  cane  beads,  tweezer  cases,  fee.  This  is  done  by  punch- 
ing or  driving  out  the  metal  from  a figure  from  that  withinaidc, 
so  as  to  stand  out  prominent  from  the  surface  of  the  metal. 
To  understand  this  delicate  business, it  should  be  seen  performed 
by  its  ingenious  artisan. 

ENCLOSURE,  a fence,  wall,  or  hedge,  or  other  means  of 
protection  and  sceurity  surrounding  land.  Countries,  how- 
ever, in  general,  lie  open,  with  nothing  but  banks  and  ditches 
to  divide  the  land  of  every  husbandman ; but  in  England,  each 
separate  farm  is  divided  from  others  by  hedges  and  fences, 
and  the  farms  themselves  arc  broken  into  small  enclosures. 
In  France,  Germany,  Italy,  Spain,  and  most  other  nations, 
the  lands  still  remain  unenclosed  in  large  open  fields ; and 
those  countries,  iu  consequence,  present  a dreary  appearance 
to  the  eye  of  an  Englishman,  whose  enclosures  render  England 
the  garden  of  the  world.  Enclosures  greatly  improve  the 
climate  of  a country,  by  protecting  it  from  inclement  winds; 
they  pleasantly  subdivide  the  labours  of  the  farmer;  and  by 
restraining  the  exercise  of  cattle,  they  occasion  them  to  get  fat 
much  sooner. 

ENDEMIC  Diseases,  those  to  which  the  inhabitants  of 
particular  countries  are  subject  more  than  others. 

ENDOWMENT,  in  Law.  denotes  the  setUtog  a dower  on  a 
woman,  and  sometimes  for  settling  a provision  for  a church, 
college,  or  hospital. 

ENFILADE,  in  the  art  of  war,  signifies  firing  along  a trench 
or  other  place,  and  is  equivalent  to  raking  a ship.  Hence 
trenches  are  usually  dug  in  a zig-zag  manner,  that  they  may 
never  he  enfiladed,  or  shot  along  their  whole  length. 

ENFRANCHISEMENT,  in  Law,  the  incorporating  a per- 
son into  any  society  or  body  politic  ; such  as  the  enfranchise- 
ment of  one  made  a citizen  of  London,  or  other  city,  or  burgess 
of  any  town  corporate,  because  be  is  made  partaker  of  its 
liberties,  or  franchises. 

ENGAGEMENT,  in  a naval  sense,  implies  a battle  at  sea, 
or  an  action  of  hostility  between  single  ships,  squadrons,  or 
fleets  of  men  of  war. 

The  engagements  of  the  ancients  were  usually  carried  on  in 
two  different  manners.  Advanced  by  their  oars,  the  galleys 
ran  violently  aboard  of  each  other,  and  by  the  encounter 
of  their  beaks  aud  prows,  and  sometimes  of  their  stems, 
endeavoured  to  dash  to  pieces  or  sink  their  enemies.  For  this 
purpose  the  prow  was  armed  with  a brazen  point  or  trident, 
nearly  as  low  as  the  surface  of  the  water.  Some  of  the  galleys 
were  furnished  with  turrets  and  buildings,  for  attack  or  de- 
fence. The  soldiers  annoyed  their  enemies  with  darts,  slings, 
swords,  and  javelins;  and  in  order  that  their  weapons  might 
be  directed  with  greater  force  and  certainty,  the  ships  were 
equipped  with  platforms  above  the  deck.  The  sides  of  the 
ships  were  fortified  with  a thick  fence  of  hides,  which  served  to 
repel  the  darts  of  the  adversaries,  and  to  cover  their  own  sol- 
diers,  who  thereby  annoyed  the  enemy  with  greater  security. 

As  to  bore  and  sink  the  enemy's  ships  with  the  rostra  was 
the  chief  manner  of  sea-engagements  among  the  ancients ; high 
and  bulky  ships  had  accordingly  a great  advantage  over  their 
adversaries,  by  the  force  of  the  stroke  of  a large  ship.  The 
height  was  likewise  no  small  convenience  in  hoarding  and 
throwing  missile  wcApons,  so  that  it  was  much  more  true 
among  them  than  among  us,  that  a little  ship  durst  not  lay  her 


side  to  a great  one ; and  though  great  ships  were  commonly 
bad  sea-boats,  they  had  a superior  force  in  a sea  engagement, 
tbc  shock  of  them  bring  sometimes  so  violent  as  to  throw  the 
erew  on  the  upper  deck  of  smaller  ships  overboard.  This  occa- 
sioned the  ancients  gradually  to  increase  the  bulk  of  their 
ships,  till  they  came  at  last  to  an  enormous  sise,  and  then 
machines,  now  unknown,  werccmploy  ed  in  naval  engagements ; 
but  the  following  are  a few  which  we  find  recorded  by  the 
ancient  writers : 

The  Dolphin  a large  massy  pieee  of  lead  or  iron  in  the  form 
of  a dolphin,  and  suspended  by  blocks  at  the  mast  heads  or 
yardarms,  and  ready  for  a proper  occasion,  was  let  down 
violently  from  thence  into  the  adverse  ships,  and  either  pene- 
trated through  their  bottom,  and  opened  a passage  for  tbc  enter- 
ing waters,  or  by  its  weight  immediately  sunk  the  vessel. 

The  Dr e paiu ra.  an  engine  of  iron,  crooked  like  a sickle,  and 
fixed  in  the  ton  of  a long  polo,  cat  asunder  the  slings  of  the 
sail  yards,  ami  thereby  let  tbe  sails  fall  down,  to  disable  the 
vessel  from  escaping,  and  incommode  her  daring  tbe  action. 
Similar  to  this  was  another  instrument,  armed  at  the  bend  with 
a broad  two-edged  blade  of  iron,  to  cut  away  the  ropes  that 
fastened  the  rudder  in  the  vessel  There  were  also  spears  or 
maces  of  an  extraordinary  length,  sometimes  exceeding  twenty 
cubits ; also  certain  machines  for  throwing  large  stones  into 
tbe  enemy's  ships. 

Another  engine  was  suspended  to  the  main  mast,  and  re- 
sembled a balteting-ram,  for  it  consisted  of  a long  beam  and 
a head  of  iron,  and  was  with  great  violence  poshed  against 
the  sides  of  the  enemy’s  galleys.  The  grappling  iron,  which 
was  usually  thrown  into  the  adverse  ship  by  means  of  an  engine, 
facilitated  the  entrance  of  the  soldiers  appointed  to  board,  on 
wooden  bridges,  that  were  generally  kept  ready  for  this  pur- 
pose in  the  fore  part  of  tbe  vessel. 

The  arms  used  by  the  ancients  rendered  the  disposition  of 
tbeir  fleets  very  different,  according  to  the  time,  place,  and 
cireomstances.  They  generally  considered  it  an  advantage  to 
bo  to  windward,  and  to  have  the  son  shining  directly  on  the 
front  of  their  enemy.  The  order  of  battle  chiefly  depended  on 
their  power  of  managing  tbe  ships,  or  of  drawing  them  readily 
into  form ; and  on  the  schemes  which  their  officer*  had  con- 
certed. The  fleet  being  composed  of  rowing  vessels,  they 
lowered  their  sails  previous  to  the  action:  they  presented  their 
prows  to  the  enemy,  and  advanced  against  each  other  by  the 
force  of  tbeir  oars.  Before  they  joined  battle*  the  admirals 
went  from  ship  to  ship,  and  exhorted  their  soldiers  to  behave 
gallantly.  All  things  being  in  readiness,  the  signal  was  dis- 
played by  banging  out  of  the  admiral’s  galley  a gilded  shield, 
or  a red  garment  or  banner.  During  the  elevation  of  this,  the 
action  continued,  and  by  its  depression  or  mcli nation  towards 
the  right  or  left,  the  rest  of  the  ships  were  directed  how  to 
attack  or  retreat  from  their  enemies.  To  this  was  added  the 
sound  of  trumpets,  which  began  in  the  admiral's  galley,  and 
continued  round  tbe  whole  fleet  The  fight  was  also  begun  by 
the  admiral's  galley,  by  grappling,  boarding,  and  endeavour- 
ing to  overset,  sink,  or  destroy  the  adversary.  Sometimes, 
for  want  of  grappling  irons,  they  fixed  their  oars  in  such  a 
manner  as  to  hinder  the  enemy  from  retreating.  If  they  could 
not  manage  their  oars  as  dexterously  as  their  antagonist,  or 
fall  alongside  to  board  him,  they  penetrated  his  vessel  with  th- 
brazen  prow.  The  vessels  approached  each  other  as  well  a 
their  circumstauccs  would  permit,  and  the  soldiers  fought  hand 
to  hand  till  the  battle  was  decided ; nor  indeed  could  they 
fight  otherwise  with  any  certainty,  since  the  shortest  distance 
rendered  their  slings  and  arrows,  and  almost  all  their  offensive 
weapons,  ineffectual,  if  not  useless.  The  squadrons  were  some- 
times ranged  in  two  or  three  lines  parallel  to  each  other  | being 
seldom  drawn  up  in  one  line,  unless  when  funned  into  a half 
moon.  This  order  appears  the  most  convenient  for  rowing 
vessels  that  engage  by  advancing  tbeir  prows  towards  the 
enemy. 

The  famous  machine,  called  the  Cornu,  was  erected  on  the 
prow  of  their  vessels,  in  the  shape  of  a round  piece  of  timber 
of  about  a foot  and  u half  diameter,  and  about  twelve  feet  long ; 
on  the  top  whereof  tbw  had  a block  or  pulley.  Round  this 
piece  of  timber  they  laid  a stage  or  platform  of  boards,  four 
| feet  broad,  and  about  eighteen  feet  long,  which  was  well 


364 


ENG 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


ENG 


framed  and  fastened  with  iron.  The  entrance  was  long-wise, 
and  it  moved  about  tbc  aforesaid  upright  piece  of  timber,  as 
on  a spindle,  and  could  be  hoisted  up  within  six  feet  of  the  top; 
about  this  was  a sort  of  a parapet,  knee-high,  which  was  de- 
fended with  upright  bars  of  iron,  sharpened  at  the  cod;  towards 
the  top  whereof  there  was  a ring  : through  this  ring,  fastening 
a rope  by  the  help  of  the  pullc),  they  hoisted  or  lowered  the 
engine  at  pleasure,  and  so  with  it  attacked  the  enemy's  vessels, 
sometimes  on  their  bow,  and  sometimes  on  their  broadside. 
When  they  had  grappled  tbe  enemy  with  those  iron  spikes,  if 
they  happened  to  swing  broadside  to  broadside,  then  they 
entered  from  all  parts ; but  in  case  they  attacked  them  on  the 
bow,  they  entered,  two  aod  two,  by  the  help  of  this  machine, 
the  foremost  defending  the  fore  part,  and  those  that  followed, 
the  flanks ; keeping  the  top  of  their  bucklers  level  with  the  top 
of  the  parapet. 

The  Homans  were  restrained  by  a treat?  with  Carthage  from 
•ailing  beyond  the  Fair  Promontory,  Etc.  but  they  resolved  to 
contend  for  the  dominion  of  the  sra  with  the  Carthaginians, 
who  bad  held  it  uncontcstcd  from  their  ancestors,  and  began 
anew  by  building  a whole  fleet,  after  the  model  of  one  of  their 
enemy's  galleys  that  was  stranded  on  their  coast;  and  as  they 
never  wanted  expedients  in  their  military  concerns,  they  placed 
banks  of  rowers  on  board,  in  tbe  same  form  as  those  of  the 
galleys,  and  instructed  their  men  to  strike  and  recover  their 
oars  by  a proper  signal,  till  they  were  so  perfect  in  the  exer- 
cise, and  so  expert  in  tbe  discipline  and  management  of  tkeir 
fleet,  (which  was  improved  with  the  Corvus,  for  the  purpose  of 
boarding,  as  already  described),  that  they  soon  defeated  their 
enemies.  Tbe  two  consuls  were  in  the  two  admirals'  galleys, 
in  the  front  of  tbeir  two  distinct  squadrons,  each  of  them  just 
ahead  of  their  own  divisions,  and  abreast  of  each  other : tbe 
first  division  being  posted  on  the  right,  and  the  second  on  the 
left,  making  two  long  files  or  lines  of  battle.  And  when  it 
was  necessary  to  give  to  each  galley  a due  space  to  ply  tbeir 
oars  and  keep  clear  one  of  another,  and  to  have  their  heads  or 
prows  looking  somewhat  outwards  ; this  manner  of  drawing  up 
did  therefore  naturally  form  an  angle,  tbc  point  whereof  was  at 
the  two  admirals’  galleys,  which  was  near  together;  and  as  their 
two  lines  were  prolonged,  so  the  distance  grew  consequently 
wider  and  wider  towards  the  rear.  And  because  the  naval  as 
well  as  the  land  army  consisted  of  four  legions,  the  ships 
accordingly  made  four  divisions,  two  of  which  were  behind:  of 
these,  the  third  fleet  or  the  third  legion  was  drawn  np  front- 
wise,  in  tbe  rear  of  the  first  and  second,  and  so  stretching  along 
from  point  to  point,  composed  a triangle,  whereof  the  third  line 
was  the  base.  Their  vessels  of  bordeo  that  carried  their  horses, 
baggage,  fee.  were  in  the  rear  of  these,  and  by  the  help  of  small 
boats  provided  for  that  pnrpose,  were  towed  or  drawn  after 
them.  In  tbe  rear  of  all  was  the  fourth  fleet,  called  the  Tri- 
arians,  drawn  up  likewise  in  rank  or  frontwise,  parallel  to  the 
third  ; but  these  made  a longer  line,  by  which  means  the  extre- 
mities stretched  beyond  the  two  angles  at  the  base.  This  was 
a body  of  great  strength,  not  easily  broken,  and  excellently 
disposed  for  the  ships  in  the  rear  to  succour,  relieve,  and  come 
in  tbe  place  of,  any  that  should  fail  in  front. 

For  the  reader’s  more  immediate  conception  of  these  pre- 
parations, we  here  annex  the  order  of  battle: 
o © 

First  Division  * * Second  Division 


Third  •••••••••  Division 

Vessels  of  • • • * • Burden 
Fourth  «•*••••••••*  Division. 

At  the  battle  of  Ecnomus,  between  the  Romans  and  Car- 
thaginians. the  fleet  of  the  former  was  thus  ranged  into  a 
wedge  in  front,  and  towards  the  middle  of  its  depth  into  two 
right  parallel  lines.  That  of  the  latter  was  formed  into  a 
rectangle  or  two  sides  of  a square,  of  which  one  branch 
exlcaded  behind,  and  as  the  opening  of  the  other  prosecuted 
the  attack,  was  ready  to  fall  upon  the  flank  of  such  of  tbe 
Koraao  galleys  as  should  attempt  to  break  tbeir  line.  Ancient 


history  has  preserved  many  of  these  orders,  of  which  some 
have  been  followed  in  later  times.  Thus,  in  a battle  in  1340, 
the  English  fleet  was  formed  in  two  lines,  (be  first  of  which 
contained  the  larger  ships,  and  the  second  consisted  of  all  the 
smaller  vessels  used  as  a reserve  to  support  tbe  former  when- 
ever necessary.  In  1545  the  French  fleet,  under  the  command 
of  the  Mareschal  d'Armebanlt,  in  an  engagement  with  the 
English  in  the  Channel,  was  arranged  in  the  form  of  a crescent. 
The  whole  of  it  was  divided  into  three  bodies,  the  centre  being 
composed  of  thirty-six  ships,  and  each  of  the  wings  of  thirty. 
He  had  also  many  galleys,  but  these  felt  not  into  the  line,  being 
designed  to  attack  the  enemy  occasionally.  This  last  dispo- 
sition was  continued  down  to  tbe  reigns  of  James  1.  and 
Louis  XII. 

The  invention  of  gunpowder  took  place  in  1330,  and  the  use 
of  fire-arms  was  gradually  introduced  into  naval  war,  without 
finally  superseding  tbe  ancient  method  of  engagement.  The 
Spaniards  were  armed  with  cannon  in  a sea-fight  against  the 
English  and  the  people  of  Poitou,  abreast  of  Rochelle,  iif  1372; 
and  this  battle  is  the  first  in  which  mention  is  made  of  artillery 
in  our  navies.  Many  years  elapsed  before  tbc  marine  arma- 
ments were  suBciently  provided  with  fire-arms;  and  in  the 
reign  of  Charles  V.  machines  were  continued  in  use.  So  great 
a revolution  in  the  manner  of  fighting,  and  which  uecesssrily 
introduced  a total  change  in  the  construction  of  ships,  could 
not  be  suddenly  effected ; but  ships  are  no  longer  formed 
of  rowing  vessels,  or  composed  of  galleys,  but  of  ships  of  the 
line,  which  engage  under  sail,  and  discharge  tbe  whole  force  of 
artillery  from  their  sides,  being  disposed  in  no  other  form 
than  that  of  a right  line  parallel  to  the  enemy ; every  ship  keep- 
ing close  hauled  upon  a wind  on  the  same  tack.  Indeed,  the 
difference  between  the  force  and  manner  of  fighting  of  ships 
and  galleys  rendered  their  service  in  the  same  line  incom- 
patible. When  we  consider,  therefore,  tbe  change  introduced 
both  in  the  construction  and  working  of  ships,  occasioned  by 
the  use  of  cannon,  it  necessarily  follows,  that  squadrons  of 
ships-of-war  must  appear  in  the  order  that  is  now  generally 
adopted.  Finally,  the  ships  ought  to  present  their  broadsides 
to  the  enemy,  and  to  sail  close  upon  a wind  in  the  wake  of 
each  other,  as  well  to  retain  their  own  uniformity,  as  to  pro- 
serve  or  acquire  the  advantage  which  the  weather-gage  gives 
them  over  their  adversary. 

Of  all  the  weapons  used  by  the  ancients,  the  pike  and  the 
sword  arc  the  only  ones  now  remaining,  the  others  having  been 
totally  supplanted  by  those  machines  which  originated  with  the 
invention  of  gunpowder.  Our  naval  engagements  are,  therefore, 
almost  generally  decided  by  fire-arms,  of  which  there  are  several 
kinds,  Known  by  the  general  name  of  artillery ; and  tbe  fire- 
arms of  a ship  of  w ar  arc  distinguished  into  cannon  mounted  on 
carriages,  strive!  cannon,  grenndoes,  and  mttv^urrry. 

The  .Snivel  cannon  is  a small  piece  of  artillery,  carrying  a 
shot  of  half  a pound,  and  fixed  in  a socket  on  the  top  of  the 
ship's  aide,  stern,  or  bow,  and  also  in  her  tops.  Tbe  trunnions 
of  this  piece  are  contained  in  a sort  of  iron  crotch,  whose  lower 
end  terminates  in  a cylindrical  pivot  resting  in  the  socket,  so 
as  to  support  the  weight  of  the  cannon.  The  socket  is  bored 
in  a strong  piece  of  oak,  reinforced  with  iron  hoops,  in  order 
to  enable  ft  to  sustain  the  recoil.  By  means  of  this  frame, 
which  is  called  the  swivel,  and  an  iron  handle  on  its  cascahel. 
the  gun  may  be  directed  by  hand  to  snv  object.  It  is,  there- 
fore, very  necessary  in  the  tops,  particularly  when  loaded  with 
musket  balls,  to  fire  down  on  tbe  upper  decks  of  tbe  adver- 
sary, in  action. 

The  Grenodo,  a little  shell,  of  the  same  diameter  as  a four- 
pound  bullet,  weighs  about  two  pounds,  and  is  charged  with 
four  or  five  ounces  of  powder.  Grenadocs  aie  thrown  from 
the  tops  by  the  hands  of  the  scaincn.  They  have  a loach- bole 
in  the  same  manner  as  a shell,  and  a fuse  of  the  same  compo- 
sition. The  sailor  fires  the  fbse  with  a match,  and  throws  the 
grenado  as  he  is  directed ; the  powder  being  inflamed,  the 
sheM  instantly  bursts  into  splinters,  that  kill  or  maim  whom- 
soever they  reach  on  tbe  decks  of  the  enemy.  As  this  instru- 
ment connot  be  thrown  by  hand  above  15  or  10  fathoms,  the 
ship  most  be  rather  near,  to  render  it  useful  in  battle.  As  to 
the  musket  or  firelock,  it  is  so  well  known  that  a description 
of  it  would  be  unnecessary. 
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Besides  these  machines,  there  are  several  others  used  in 
merchant  ships  and  privateers,  as  carabines,  cohorns,  fire- 
arrows,  be. 

The  (’«r«Aii»<,  a sort  of  a musquetooo.  the  barrel  of  which  is 
rifled  spirally  from  the  breech,  so  that  when  the  ball,  which  is 
forced  into  it,  is  again  driven  out  by  the  strength  of  the  powder, 
it  is  lengthened  about  the  breadth  of  a finger,  and  marked  with 
the  rifle  of  the  bore.  This  piece  has  an  iron  rummer;  the  barrel* 
including  the  stock,  is  three  fed  long.  It  has  a much  greater 
range  than  the  rnusqnet;  because  the  rifle  of  the  barrel  im- 
pedes the  ball,  which  thereby  makes  Ihc  groxier  resistance  at 
the  fast  inflammation  of  the  powder,  and  giving  time  for  the 
whole  charge  to  take  fire  before  it  goes  out  of  the  bore,  it  is  at 
length  thrown  out  w ills  greater  force  than  from  the  common 
musquet. 

The  Cthnm,  a sort  of  small  mortar,  fixed  by  a swivel,  and 
particularly  used  to  discharge  grenadoes,  or  cast  bullets  into 
merchant  vessels,  when  hoarded. 

Tbo  Fir*  arrow,  a small  iron  dart,  furnished  with  springs 
and  bars,  together  with  a match  impregnated  with  powder  and 
sulphur,  which  is  wound  about  its  shaft,  is  intended  to  fire  the 
sails  of  the  ooemy,  and  is,  for  this  purpose,  discharged  from  a 
ni  usque  toon  or  swivel-gun.  The  match,  kindled  by  the  explo- 
sion, communicates  the  flame  to  the  sail  against  which  it  is 
directed,  where  the  arrow  is  fastened  by  means  of  its  liars  and 
springs.  This  is  peculiar  to  hot  climates,  particularly  the  West 
Indies;  the  sails,  being  extremely  dry,  are  instantly  inflamed, 
and,  of  course,  convey  the  lire  to  the  masts  and  ngging,  and 
Anally  to  the  vessel  itself. 

The  Organ,  a machine  consisting  of  six  or  seven  musquet 
barrels  fixed  upon  one  stock,  so  as  to  be  fired  all  at  once. 

A general  engagement  of  fleets  or  squadrons  of  ships  of  war 
being  nothing  else  than  a variety  of  particular  actions  of  single 
ships  with  each  other  in  line  of  battle,  it  will  he  necessary  first 
to  describe  the  latter,  and  then  proceed  to  represent  the  usual 
maimer  or  conducting  the  former. 

The  whole  economy  of  a naval  engagement  may  be  arranged 
under  the  following  heads:  l.Tlic  preparation;  ‘i.  The  action; 
and  3.  The  repair,  or  refiUiug  for  the  purposes  of  navigation. 

The  preparation  is  begun  by  issuing  ;m  order  to  clear  the 
ship  for  action,  which  is  repeated  by  the  boatswain  and  bis 
mates  at  all  the  hatchways  or  staircases  lending  to  the  different 
batteries.  In  a ship  of  war,  the  management  of  the  artillery 
requiring  a number  of  men,  the  officers  and  sailors  are  conse- 
quently restrained  to  a narrow  space  iu  their  usual  habitations, 
to  preserve  the  internal  regularity  of  the  ship.  Accordingly, 
the  hammocks,  or  hanging  beds,  of  the  latter  arc  crowded 
together  as  closo  as  possible  between  the  decks,  each  of  them 
being  limited  to  the  breadth  of  14  inches,  and  they  are  hung 
parallel  to  each  other,  in  rows  stretching  from  one  side  of  the 
ship  to  the  other,  near!)  throughout  her  whole  length,  so  as  to 
adiuit  of  no  passage  but  by  stooping  under  them.  While  sus- 
pended iu  this  situation,  it  would  he  impossible  to  work  the 
cannon,  and  therefore  they  must  he  removed  with  the  greatest 
expedition.  Accordingly,  at  the  summons  of  the  boatswain, 
who  cries,  “Up  all  hammocks.’'  every  sailor  repairs  to  his 
own,  aud  having  stowed  his  bedding  properly,  cords  it  iirmly 
with  a lashing  or  line  provided  for  that  purpose,  aud  carries  it 
to  the  quarter-deck,  poop,  forecastle,  or  whatever  other  place 
is  most  convenient.  As  each  side  of  the  quarter-deck  and 
poop  is  furnished  with  a double  riel-work,  supported  by  iron 
crimes  fixed  immediately  above  the  gunwale  or  lop  of  the  ship's 
side,  the  bammnrks  thus  corded  are  fiimly  stowed  by  the 
quarter  masters  between  the  two  parts  of  the  netliug,  so  as  to 
form  an  excellent  barrier.  The  top?,  waist,  and  forecastle,  are 
then  fenced  in  the  same  manner,  liy  thus  disposing  of  the 
hammocks,  a double  advan:age  is  obtained:  the  batteries  of 
cannon  ere  immediately  cleared  of  an  incumbrance,  and  the 
hammocks  arc  converted  into  a sort  of  parapet  to  prevent  the 
execution  of  small  shot  on  the  quarter  deck,  tops,  aud  fore, 
castlo.  The  hammocks,  &c.  arc  not  (infrequently  throw  n over- 
board at  once,  when  there  is  no  time  to  stow  them  away. 

During  the  performance  of  these  offices  below,  the  boat- 
swain and  mates  arc  employed  in  securing  the  sails  and  yards, 
to  prevent  them  from  tinnhliug  down  when  the  ship  is  cannon- 
aded, ns  she  might  thereby  be  disabled  and  rendered  inca- 
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pnble  of  attack,  retreat,  or  pursuit.  The  yards  are  likewise 
secured  by  strong  chains  or  ropes,  in  addition  to  those  by 
which  they  aro  usually  suspended.  The  boatswaiu  also  pro- 
vides the  necessary  materials  to  repair  the  riggiug,  wherever 
it  may  be  damaged  by  the  shot  of  the  enemy  ; and  to  supply 
whatever  parts  of  it  may  be  entirely  destroyed.  The  carpenter 
and  his  erew,  in  the  mean  lime,  prepare  their  shot  plugs  and 
mauls  to  close  up  any  dangerous  breaches  that  may  be  made 
near  the  surface  of  the  water,  and  provide  the  iron  work 
necessary  to  refit  the  chain  pumps,  in  case  their  machinery 
should  lie  injured  iu  the  engagement.  The  gunner,  with  his 
mates  and  qunrter-ganners,  are  busied  in  examining  the  can- 
non of  the  different  batteries,  to  see  that  their  charges  are 
thoroughly  dry  and  fit  for  execution:  to  have  every  thing  ready 
for  furnishing  the  great  guns  and  small  arms  with  powder,  us 
soon  as  the  action  begins : and  to  keep  a sufficient  number  of 
cartridges  continually  filled,  to  supply  the  place  of  those  ex- 
pended in  battle.  The  master  and  his  mates  aro  attentive  to 
have  the  sails  properly  trimmed,  according  to  the  situation  of 
the  ship,  and  to  reduoe  or  multiply  them,  as  occasion  requires, 
with  all  possible  expedition.  The  lieutenants  visit  tho  dif- 
ferent decks,  to  see  that  they  are  effectually  cleared  of  all 
incumbrance,  so  that  nothing  may  retard  the  execution  of  tho 
artillery,  and  to  enjoin  the  other  officers  to  diligence  and  alert- 
ness in  making  the  necessary  dispositions  for  the  expected 
engagement,  so  that  every  thing  may  be  in  readiness  at  a 
moment’s  warning. 

When  the  hostile  ships  have  approached  each  other  to  a 
competent  distance,  the  drums  beat  to  arms,  and  the  boatswain 
and  his  mates  pipe  “ All  hands  to  quarters"  at  every  hatch- 
way. The  persons  appointed  to  manage  the  great  guns  imrae- 
I diately  repair  to  their  respective  stations  ; and  crows,  hand- 
I spikes,  rammers,  sponges,  powder-horns,  matches,  train- 
tackles,  &c.  are  placed  in  order  by  the  side  of  every  cannon. 
The  hatches  are  laid,  to  prevent  any  one  from  escaping  into 
i the  lower  apartments.  The  marines  are  drawn  up  iu  rank  and 
file  on  the  quarter  deck,  poop,  and  forecastle.  The  lashings  of 
the  great  guns  are  let  loose,  and  the  tompions  withdrawn:  the 
whole  artillery  above  and  below  is  run  out  at  the  pons,  aud 
levelled  to  the  point-blank  range,  ready  for  firing. 

When  these  necessary  preparations  are  finished,  and  the 
officers  and  crew  are  all  ready  at  their  respective  stations,  to 
obey  every  occasional  order,  the  commencement  of  the  action 
is  determined  by  the  mutual  distance  and  situation  of  the 
adverse  ships,  or  by  the  signal  from  the  commander  in  chief  of 
the  fleet  or  squadron.  Tho  cannon  being  levelled  in  parallel 
rows,  projecting  from  the  ship's  side,  the  most  natural  order  of 
hatile  is  evidently  to  range  the  ships  abreast  of  each  other, 
especially  if  the  engagement  is  general.  The  roost  convenient 
distance  is  probably  within  the  point-blank  range  of  a mus- 
quet. so  that  all  the  artillery  may  do  effectual  execution. 

The  combat  usually  begins  by  a vigorous  cannonade,  accom- 
panied by  the  nnited  efforts  uf  ail  the  swivel  guns  and  small 
. arras.  As  the  method  of  firing  platoons,  volleys,  or  brondsidcs 
| of  cannon  at  once  is  generally  found  injurious  in  the  sea  ser- 
vice, it  should  seldom  be  attempted,  uuless  in  the  battering  of 
a fortification  ; for  iho  sides  and  decks  of  the  ship,  although 
sufficiently  strong  for  all  the  purposes  of  war,  would  be  too 
much  shaken  by  so  violent  an  explosion  and  recoil.  Instead 
thereof,  the  general  practice  on  this  occasion  throughout  the 
ship  is  to  load,  fire,  and  sponge  the  guns  with  all  possible 
expedition,  yet  without  confusion  or  precipitation.  The  cap- 
tain of  each  gun  is  particularly  enjoined  to  fire  only  when  the 
piece  is  properly  directed  to  its  object,  that  the  shot  may  not 
be  fruitlessly  expended.  The  lieutenants  who  command  the 
different  batteries,  traverse  the  deck,  to  see  that  the  battle  is 
prosecuted  with  vigour,  and  to  exhort  and  animate  the  n:cu  in 
their  duty.  The  midshipmen  second  these  injunctions,  and 
give  assistance,  where  it  is  required,  at  the  guns  committed  to 
their  charge.  The  gunner  takes  care  th.it  all  the  artillery  is 
sufficiently  supplied  with  powder,  and  that  the  cartridges  arc 
can-lolly  conveyed  along  the  decks  in  covered  boxes. 

The  havoc  produced  by  a continuation  of  this  mutual  assault, 
as  at  the  Nile.  Trafalgar,  &c.  can  be  more  easily  imagined  than 
described  ; battering,  penetrating,  nud  splintering  the  sides 
and  decks;  shattering  or  dismounting  tiic  cannon;  ui;vugJiu< 
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and  destroying  the  rigging ; cutting  asunder  or  coreying  away 
the  masts  and  yards;  piercing  and  tearing  the  sails  so  as  to 
render  them  useless;  and  wounding,  disabling,  or  killing  the 
ship's  company.  The  comparative  rigour  and  resolution  of 
the  assailants  to  effect  these  dreadful  consequences,  generally 
determine  their  success  or  defeat ; but  sometimes  the  fate  uf 
the  combat  may  be  decided  4>y  some  unforeseen  incident,  which 
may  be  as  fortunate  for  the  one  as  fatal  to  the  other. 

The  ship  that  is  defeated  acknowledges  the  viotory  by  stok- 
ing her  colours,  aud  is  immediately  taken  possession  of  by  the 
conqueror,  who  secures  her  officers  and  crew  as  prisoners  in 
his  own  ship,  and  invests  two  principal  officers  with  the  com- 
mand of  the  prise  till  a captain  is  appointed  by  the  commander 
in  chief. 

When  the  engagement  is  concluded,  the  men  begin  the  re- 
pair, or  refitting,  for  the  purposes  of  navigation.  Accordingly, 
the  cannon  are  secured  by  their  breechings  and  tackles,  with 
all  convenient  expedition.  Whatever  sails  have  been  rendered 
unserviceable  are  unbent,  and  the  wounded  masts  and  yards 
struck  upon  the  deck,  and  repaired,  or  replaoed  by  others ; the 
standing  rigging  is  knotted,  and  the  running  rigging  spliced, 
wherever  this  is  necessary.  Proper  sails  are  bent  in  the  room 
of  those  which  have  been  removed  as  useless.  The  carpenter 
and  his  crew  are  employed  in  repairing  the  breaches  made  in 
the  ship's  bull,  by  shot-plugs,  pieces  of  plank,  and  sheet  lead. 
The  gunner  and  bis  assistants  are  busied  in  replenishing  the 
allotted  number  of  charged  cartridges,  to  supply  the  place  of 
those  which  have  been  expended,  and  in  refitting  whatever 
furniture  of  the  cannon  may  have  been  damaged  by  the  late 
action. 

Such  are  the  usual  consequences  and  process  of  an  engage- 
ment between  two  ships  of  war,  which  may  be  considered  as 
an  epitome  of  a general  battle  between  fleets  or  squadrons. 
The  latter.,  however,  involves  a greater  variety  of  incidents, 
and  necessarily  requires  more  comprehensive  skill  aud  judg- 
ment in  the  commanding  officer. 

When  the  commander  in  chief,  or  admiral  of  a naval  arma- 
ment. has  discovered  an  enemy’s  fleet,  his  principal  concern  is 
usually  to  approach  it,  and  endeavour  to  come  to  action  as 
soon  as  possible.  Every  inferior  consideration  must  be  sacri- 
ficed to  this  important  object,  and  every  rule  of  action  should 
tend  to  hasten  and  prepare  for  so  mateiial  an  event.  The 
state  of  the  wind,  and  the  situation  of  his  adversary,  will,  in 
some  measure,  dictate  the  conduct  necessary  to  be  pursued 
with  regard  to  the  disposition  of  his  ships  ou  this  occasion. 
To  facilitate  the  execution  of  the  admiral’s  orders,  tbc  whole 
fleet  is  ranged  into  three  squadrons,  each  of  which  is  classed 
iuto  three  divisions,  under  the  command  of  different  officers, 
iicforc  the  action  begins,  the  adverse  fleets  are  commonly 
drawn  up  in  two  lines,  parallel  to  each  other  and  close  hauled. 
As  soon  as  the  admiral  displays  the  signal  for  tbc  line  of  battle, 
the  several  divisions  separate  from  the  eolumns,  in  which  they 
were  disposed  in  the  usual  order  of  sailing,  and  every  ship 
crowds  into  its  station  in  the  wake  of  the  next  a-head : a pro- 
per distance  from  each  other  (which  is  generally  about  fifty 
fathoms)  being  regularly  observed  from  the  van  to  the  rear. 
The  admiral,  however,  will  occasionally  contract  or  extend  his 
line,  so  ns  to  conform  to  the  length  of  that  of  his  adversary, 
whose  neglect,  or  inferior  skill  in  this  respect,  he  will  naturally 
convert  to  his  own  advantage,  as  well  as  to  prevent  his  own 
line  from  being  doubled  upon;  a circumstance  which  might 
cause  great  confusion  among  his  van  and  rear. 

When  the  adverse  fleets  approach  each  other,  the  courses  arc 
commonly  hauled  up  in  tbc  brails,  and  the  top-gallant-sails  and 
stay-sails  furled.  The  movement  of  each  ship  is  chiefly  regu- 
lated by  the  main  and  fore  top-sails  and  the  jibs;  the  mizen- 
top-sail  being  reserved  to  hasten  or  retard  the  course  of  the 
ship,  and,  in  fine,  by  filling  or  hacking,  hoisting  or  lowering  it, 
to  determine  her  velocity.  The  frigates,  tenders,  and  fire- 
ships, being  also  hauled  upon  a wind,  lie  at  some  distance, 
ready  to  execute  the  admiral's  orders  or  those  of  his  second's, 
leading  tie  line  of  bailie  between  them  and  the  enemy.  If 
there  are  any  transports  or  storeships  attendant  on  tho  fleet, 
these  are  disposed  at  a still  farther  distance  from  the  scene  of 
nction.  If  the  fleet  is  superior  in  number  to  that  of  the  enemy, 
tlie  admiral  usually  selects  a body  of  reserve  from  the  different 


squadrons,  which  will  be  always  of  use  to  cover  the  fire-ships, 
bomb-vessels,  ice.  and  may  fall  into  the  line  in  any  case  of 
necessity : these  also  are  stationed  at  a convenient  distance 
, from  the  line,  aud  should  evidently  be  opposite  to  the  weakest 
parts  thereof. 

Order  and  discipline  give  additional  strength  and  activity  to 
a fleet.  If  thus  n double  advantage  is  acquired  by  every  fleet, 
it  is  certainly  more  favourable  to  the  inferior,  which  may  there- 
by change  its  disposition  with  greater  facility  and  despatch 
than  one  more  numerous,  yet  without  being  separated.  When 
courage  is  equal  to  both,  good  order  is  then  the  only  resource 
of  the  smaller  number.  Hence  we  may  infer,  that  a smaller 
squadron  of  ships  of  war,  whose  officers  are  perfectly  disci- 
plined in  working  tbeir  ships,  may,  by  its  superior  dexterity, 
vanquish  a more  powerful  one,  even  at  the  commencement  of 
the  engagement ; because  the  latter  being  less  expert  in  tho 
order  of  battle,  will,  by  its  separation,  suffer  many  of  the  ships 
to  remain  useless,  or  not  sufficiently  near  to  protect  each  other. 
Thus,  though  the  Gauls  had  the  advantage  of  the  Homans  in 
their  numbers;  the  Germans  in  tbeir  stature;  the  Spaniards 
in  their  strength  and  numbers  united ; the  Africans  in  their 
artifii  c and  opulence  ; the  Greeks  in  their  policy  and  prudence ; 
yet  the  Romans  triumphed  over  all  by  their  discipline. 

The  signal  for  a general  engagement  is  usually  displayed 
when  the  opposite  fleets  are  sufficiently  within  the  range  of 
point-blank  shot,  so  that  they  may  level  the  artillery  with  cer- 
tainty of  execution,  which  is  near  enough  for  a line  of  battle. 
The  action  is  begun  and  oarried  on  throughout  the  fleet  in  the 
manner  (as  described)  between  single  ships,  at  which  lime  the 
admiral  carries  little  sail,  observing  however  to  regulate  bis 
own  motions  by  those  of  the  enemy.  The  ships  of  the  line 
meanwhile  keep  close  in  their  station,  none  of  which  shoold 
hesitate  to  advacoe  in  their  order,  although  interrupted  by  the 
situation  of  some  ship  ahead  which  has  negligently  fallen 
astern  of  her  situation. 

Such  is  now  the  practice  of  naval  war,  that  the  necessary 
order  of  battle,  and  the  fabric  of  oar  ships,  very  seldom  permit 
the  assault  of  boarding  unless  in  single  actions.  No  captain 
ought  therefore  to  abandon  his  stAtion  In  the  line,  under  any 
pretence  whatsoever,  unless  his  ship  is  too  much  disabled  to 
continue  the  combat.  The  small  quantity  of  sail  carried  on 
this  occasion  will  permit  the  bulk  of  the  fleet,  although  some- 
what impaired,  to  continue  their  cannonade  a long  time  with- 
out quitting  the  line. 

No  captain  should  be  induced  to  break  the  line  throogh  a 
false  ambition  to  distinguish  himself,  or  with  the  hope  of 
achieving  any  distant  enterprise,  however  flattering  the  pros- 
pect may  be.  He  ought  to  wait  the  signal  of  the  admiral,  or 
commanding  officer ; because  it  is  more  essential  to  preserve 
the  regularity  of  a close  line,  which  constitutes  the  principal 
force  of  the  fleet,  than  to  prosecute  a particular  action,  which, 
although  brilliant  in  itself,  has  seldom  any  material  conse- 
quences, unless  bis  object  is  to  seise  a flag-ship,  and  even  this 
can  only  be  justified  by  success. 

The  various  exigences  of  the  engagement  call  forth  the  skill 
and  resources  of  the  admiral  to  keep  his  line  ns  complete  as 
possible,  notwithstanding  unequal  attacks  and  damage.  He 
must  order  ships  from  those  in  reserve,  to  supply  the  place  of 
thoso  which  may  have  been  rendered  unqualified  by  the  action: 
be  must  direct  his  fire-ships  at  a convenient  time  to  fall  aboard 
the  enemy,  and  lie  must  detach  ships  from  one  part  of  the  line 
or  wing  which  is  stronger,  to  another  which  is  greatly  pressed 
by  superior  force,  and  requires  assistance.  His  vigilance  is 
ever  necessary  to  review  the  situation  of  the  enemy  from  van 
to  rear,  every  motion  of  whom  he  should,  if  possible,  anticipate 
and  disappoint.  He  should  seize  the  favourable  moments  of 
occasion,  which  are  rapid  in  their  progress,  and  never  return  : 
an  opportunity  lost  may  lose  the  victory.  Far  from  being 
disconcerted  by  any  unforeseen  incident,  however  distressing 
it  may  be,  he  should  endeavour  to  overcome  all  difficulties,  and 
make  them,  if  possible,  subservient  to  his  designs.  His  ex- 
perience and  reflection  will  naturally  furnish  him  with  every 
method  of  intelligence  to  discover  the  state  of  his  different 
squadrons  and  divisions.  Signals  of  inquiry  and  answers— 
of  request  and  assent— of  command  and  obedience — must  bo 
displayed  and  repeated  on  this  occasion,  (Sc*  the  nilicle 
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Signal.)  Tenders  and  boats  moat  also  be  continually  detached 
between  the  admiral  and  tbc  commanders  of  the  several  squa- 
drons or  divisions. 

When  danger  presses,  he  sbonld  be  fortified  by  resolution 
and  presence  of  mind,  because  the  whole  Sect  is  committed  to 
his  charge,  and  the  conduct  of  his  officers  may,  in  a great  de- 
gree, be  influenced  by  his  intrepidity  and  perseverance.  In 
short,  bis  fame  or  infamy  may  depend  upon  the  fate  of  a day. 

If  be  proves  victorious,  be  should  prosecute  that  victory  as 
much  as  possible,  by  seising,  burning,  or  otherwise  destroying 
the  enemy's  ships.  If  he  is  defeated,  he  should  endeavour,  by 
every  resource  his  experience  can  suggest,  to  save  as  many  of 
his  fleet  as  possible,  by  employing  his  tenders,  fitc.  to  take 
out  tbc  wounded,  and  put  fresh  men  in  their  places,  by  towing 
the  disabled  ships  to  a competent  distance,  and  by  preventing 
the  execution  of  the  enemy’s  tire-ships.  In  order  to  retreat 
with  more  security,  he  may  judge  it  expedient  to  range  his 
fleet  into  the  form  of  a half-moon  or  crescent,  placing  himself 
in  the  centre.  By  this  disposition,  the  enemy’s  ships  which 
attempt  to  fall  upon  bis  rear,  will  at  once  expose  themselves  to 
tbc  fire  of  the  admiral  and  his  seconds,  in  an  advantageous 
sitnatioo : a circumstance  which  will  serve  to  facilitate  the 
escape  of  bis  own  ships,  and  retard  the  pursuit  of  those  of  his 
adversary.  Should  his  fleet  be  too  much  extended  by  this 
arrangement,  the  wings,  or  quarters,  are  easily  closed,  and  the 
half-moon  rendered  more  complete  ; in  the  midst  of  which  may 
be  placed  his  store-ships,  tenders,  A tc.  In  retreating,  the  un- 
certainty of  tbc  weather  is  to  be  considered : it  may  become 
calm,  or  ibe  wind  may  shift  in  his  favour.  His  schemes  may 
l>e  assisted  by  the  approach  of  ni^ht,  or  the  proximity  of  land, 
and  he  ought  rather  to  run  the  ships  ashore,  if  practicable,  than 
suffer  them  to  be  taken  afloat,  and  thereby  transfer  additional 
strength  to  Ihe  enemy.  In  short,  nothing  should  be  neglected 
that  may  contribute  to  the  preservation  of  his  fleet,  or  prevent 
any  part  of  it  from  falling  into  the  bands  of  the  oonqueror. 

Upon  the  whole  it  appears,  the  real  force  or  superiority  of  a 
fleet  consists  less  in  the  number  of  vessels  and  the  vivacity  of 
the  action,  than  in  good  order,  dexterity  in  working  the  ships, 
presence  of  mind,  and  skilful  conduct  in  the  admiral  and 
captains. 

ENGINE,  in  Mechanics,  a compound  machine  formed  of 
one  or  more  of  the  mechanical  powers,  and  in  oar  language 
implies  nearly  the  same  as  machine.  Commonly  the  most 
simple  mechanical  powers  are  denominated  tools  or  rarf m ments , 
the  simplest  combination  of  these  are  called  machines,  and  the 
more  complicated  and  powerful  are  denominated  engines. 

Engine  to  let  down  heavy  weights,  as  atones,  timber,  fifce.  when 
taking  down  old  buildings,  See.  as  in  the  following  figure. 


Erect  a frame  of  wood,  or  setup  a gin  close  to  the  wall,  and  let 
the  pulley  F be  firmly  attached  to  the  frame.  A cord  passes 


over  this  policy,  one  end  of  which,  C,  has  a book,  to  which  the 
stone  Jkc.  can  readily  be  fastened ; the  other  end,  D,  carries  a 
vessel  which  may  be  filled  with  water  from  the  reservoir  M, 
on  the  ground  at  the  bottom  of  the  wall.  Then  while  one  man 
is  fixing  the  stone  to  the  hook  at  the  top  of  the  wall,  let  another 
put  water  into  the  vessel  at  the  bottom,  till  it  nearly  equals  the 
weight  of  the  stone ; after  which,  leaving  both  to  the  free  opera- 
tion of  gravity,  or  retarding  the  motion  if  roqnisite,  the  stone 
may  be  thus  gradually  lowered,  while  the  vessel,  a cask  for 
instance,  will  be  raised  to  tbc  funnel  A,  into  which  the  water 
may  be  poured,  and  thence  conveyed  by  a wooden  or  a leather 
pipe  to  the  reservoir  M.  Then  the  vessel  D may  be  suffered  to 
deacend,  and  the  book  C will  be  raised,  to  be  fixed  to  another 
stone ; and  thus  the  operation  may  be  repeated  as  often  as  is 
necessary. 

The  same  method  may  likewise  be  adopted  in  lowering  sacks 
from  a high  granary,  or  packages  from  an  upper  warehouse. 
The  velocity  of  the  descending  weight  may  be  so  regulated  as 
to  have  any  proportion  to  that  which  gravity  imparts  to  bodies 
falling  freely ; thus,  if  W denote  the  weight  to  be  lowered,  V that 

W V 

of  the  vessel  of  water,  we  shall  have  sr;  ~ , for  the  fraction 

expressing  the  ratio  of  the  velocity  to  that  freely  imparted  by 
gravity  when  denoted  by  unity.  Thus,  if  V = J W,  the  weight 
will  fall  through  I of  16  A,  or  ahout  61  feet  in  the  first  second ; 
if  V=  | W,  the  weight  will  fall  through  1 of  16  A.  or  about 
31  feet  in  the  first  second  ; the  friction  of  the  pulley  being  in 
both  instances  disregarded. 

ENGINEER,  a person  employed  in  the  construction  of  tho 
larger  kind  of  engines,  or  in  the  application  of  them  to  particu- 
lar purposes. 

Engineer,  is  also  commonly  applied  to  an  officer  who  is 
appointed  to  inspect  and  contrive  any  attacks,  defences,  ficc. 
of  a fortified  place,  or  to  build  or  repair  them,  fico. 

ENGRAFTING,  tee  Grafting. 

ENGRAILED,  in  Heraldry,  signifies  a thing  on  which  the 
hail  has  fallen  and  broken  off  its  edges,  leaving  them  ragged, 
or  with  half  rounds,  or  semicircles  struck  out  of  their  edges. 

ENGRAVING,  is  the  cutting  of  lines  upon  a copperplate, 
by  means  of  a steel  instrument,  called  a graver,  without  the 
use  of  aqna-fortis.  This,  the  first  way  of  producing  copper- 
plate prints  that  was  practised,  is  still  used  in  historical  sub- 
jects, portraits,  and  in  finishing  landscapes.  The  necessary 
tools  are,  gravers,  a scraper,  a burnisher,  an  oil  stone,  a sand 
bag,  an  oil  rubber,  and  good  charcoal.  The  gravers  are  steel 
tempered  instruments,  fitted  in  a short  wooden  handle.  They 
are  of  either  a square  or  lozenge  form  ; the  first  for  catting  broad 
strokes,  the  other  for  fainter  and  more  delicate  lines.  The 
scraper,  a three-edged  tool  for  scraping  off  the  burr  raised  by 
the  graver.  Burnishers  are  for  rubbing  down  lines  that  have 
been  cut  too  deep,  or  burnishing  out  scratches  or  holes  in  the 
copper : they  arc  made  of  hard  steel,  well  rounded  and  polished. 
With  the  oil  stone,  the  gravers,  etching  points,  fitc.  are 
whetted.  Upon  the  sand  bag,  or  cushion,  the  plate  is  laid,  for 
the  convenience  of  turning  it  round  in  any  direction.  The  oil 
robber  and  charcoal  are  used  for  polishing  the  plate  when 
necessary.  Great  care  is  required  to  whet  the  graver  nicely, 
particularly  its  belly ; tbe  two  angles  of  tbe  graver  which  are  10 
be  held  next  the  plate  must  be  laid  flat  upon  the  stone,  and 
rubbed  steadily,  till  tbe  belly  rises  gradually  above  the  plate, 
so  that  when  you  lay  the  graver  flat  upon  it,  you  may  just  per- 
ceive the  light  nnder  the  point,  else  it  will  dig  into  the  copper, 
and  jon  cannot  keep  a point,  or  execute  the  work  with  freedom. 
In  order  to  this,  your  right  arm  must  be  kept  close  to  your 
side,  the  forefinger  of  your  left  hand  placed  upon  that  part  of 
the  graver  which  lies  uppermost  on  the  stone.  To  whet  Ihe 
face,  place  the  flat  part  of  the  handle  in  the  hollow  of  your 
hand,  with  the  belly  of  the  graver  upwards,  upon  a moderate 
slope,  and  rub  the  extremity,  or  face,  upon  the  stone,  till  it  has 
an  exceeding  sharp  point,  which  you  may  prove  by  trial  upon 
yoar  thumb  nail. 

When  the  graver  is  too  hard,  as  is  usually  tho  case  when 
first  bought,  am!  may  he  known  by  the  frequent  breaking  of  the 
point,  the  method  of  tempering  it  is  as  billows  : — heat  a poker 
red-hot,  and  hold  tbc  graver  upon  it,  within  half  an  inch  of  the 
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point,  till  Ihc  aileel  changes  to  a light  straw-colour;  then  put 
the  point  into  oil  to  cool,  or  hold  the  graver  dose  to  the  flame  of 
a candle,  till  it  be  of  the  same  colour,  and  cool  it  in  the  tallow, 
but  be  careful  either  way  not  to  bold  it  too  long,  else  it  will  be 
too  soft ; in  this  case  the  point,  which  will  thru  turn  blue,  must 
be  tempered  again.  He  not  hasty  in  tempering,  for  sometimes 
a little  wetting  will  bring  it  to  a good  condition,  when  it  is  hut 
a little  too  hard. 

To  hold  the  graver,  cut  oir  that  part  of  the  handle  upon  the 
same  lines  with  iu  belly,  or  sharp  edge,  making  that  side  (1st, 
that  it  may  be  no  obstruction.  Hold  the  handle  in  the  hollow 
of  your  hand,  extend  your  forefinger  towards  the  point,  let  it 
rest  on  the  back  of  the  graver,  that  you  may  guide  it  flat  and 
parallel  with  the  plate.  Let  not  your  fingers  interpose  hetween 
the  plate  and  the  graver,  else  they  will  hinder  you  from  carry- 
ing the  graver  level  with  the  plate,  and  from  culling  the  strokes 
clearly. 

To  lay  the  design  upon  the  plate,  after  you  have  polished  it 
fine  and  smooth,  heat  it  till  it  will  melt  virgin  wax,  with  which  rub 
it  thinly  and  equally  over,  and  let  it  cool.  Then,  with  a black- 
lead  pencil,  draw  on  paper  the  design  which  you  mean  to 
engrave,  lay  it  upon  the  plate,  with  its  pencilled  side  upon  the 
wax,  then  press  it  close,  and  with  a burnisher  go  over  every 
part  of  the  design,  and  when  you  take  oif  the  paper,  you  will 
find  every  lino  which  you  drew  with  the  black-lead  pencil  upon 
the  w axed  plate,  as  if  it  had  been  drawn  ; then  with  a sharp- 
pointed  tool  trace  all  your  design  through  the  wax  upon  the 
plate,  nud  you  ntay  then  take  oil  Ibe  wax,  and  proceed  to 
engrave.  The  table, or  hoard  you  work  at,  should  be  lirm  and 
steady  ; your  plate  should  rest  upon  the  sand  bag;  and  holding 
the  graver  as  above  directed,  proceed  according  to  the  following 
rules: — For  straight  strokes,  hold  your  plate Grra  upon  the  sand 
bag  with  your  left  hand,  move  your  right  hand  forwards,  lean- 
ing lighter  where  the  stroke  should  be  fine,  nod  harder  where 
you  would  have  it  broader;  but  for  circular  lines,  hold  the 
graver  steadfast,  and  move  your  hand  or  the  plate  as  you  see 
convenient.  Learn  also  to  carry  your  hand  with  such  dex- 
terity, that  you  may  finish  your  stroke  as  finely  as  y ou  began 
it ; if  you  arc  to  rouke  one  part  deeper  or  blacker  than  another, 
do  it  by  degrees;  and  that  you  may  do  it  with  exactness,  take 
care  that  your  strokes  be  neither  loo  close  nor  too  wide. 
Ncrape  off  the  roughness  in  the  course  of  your  work,  but  do 
not  scratch  the  plate  ; and  to  see  bow  your  work  goes  on,  rub 
the  plate  with  oil  rubber,  and  wipe  it  clean.  The  glare  of  the 
fresh-cut  copper  will  thus  he  taken  off,  and  you  will  sec  to 
better  advantage  what  yon  have  been  doing.  Mistakes  mid 
scratches  arc  rubbed  out  with  the  burnisher,  the  part  levelled 
with  the  scraper,  and  the  work  proceeded  in  as  formerly.  In 
shading  up  your  work,  commence  with  the  fainter  lines,  and 
finish  with  deeper.  The  dry-point  executes  the  lightest  parts 
of  the  work,  as  the  water,  sky,  fine  drape-ries,  Ac.  To  prevent 
too  much  light,  a sash  made  of  transparent  paper  should  be 
placed  between  your  work  and  the  light,  which  will  greatly 
assist  your  ryes  when  the  sun  shines  fiercely. 

Engraving  on  Wood,  Clan,  tyc. — Engraving  on  wood  is  a pro- 
cess exactly  the  reverse  to  engraving  on  copper.  In  copper, 
the  strokes  to  he  printed  are  sunk  or  cut  into  the  copper,  and  a 
rolling  press  Is  used  for  printing  it ; iu  engravings  on  wood,  on 
Ihc  contrary,  all  the  wood  is  cut  away,  except  the  lines  to  bo 
printed,  which  arc  left  standing.  A wood  cut  is  a type,  aud  the 
mode  of  printiug  is  the  same  ns  that  used  in  letter- press.  Box- 
wood, pinned  quit©  smooth,  is  used  for  this  purpose.  Hie 
design  is  then  drawn  upon  the  wood  Itself  with  a black-lead 
pencil ; all  the  wood  is  then  cut  away  with  gravers  ami  other 
tools,  except  the  lines  that  are  drawn.  Or,  the  design  is  some- 
times drawn  upon  paper,  and  pasted  upon  tho  wood,  which  is 
cut  ns  before. 

This  art  is  of  considerable  difficulty  ; there  are  now  many 
who  practise  it,  but  few  who  have  attained  excellence ; 
Bewick,  Branslon,  Hughes,  and  some  others,  cut  most  beau- 
tifully. It  is,  however,  useful  for  books,  not  bccauso  the 
printing  of  it  is  cheaper,  as  has  been  supposed,  than  that  of 
copperplates  ; but  brcuuso  a block  for  ready  reference  can  be 
put  in  where  an  engraving  on  copper  could  not.  Yet  it  can- 
not be  applied  equally  well  to  all  the  purposes  to  which  cop- 
perplate engraving  is  applicable. 


Etching  an  Glass  — Glass  resists  the  action  of  all  adds, 
except  the  fluoric  add.  By  this,  however,  it  is  corroded  as 
copper  is  by  aqna-fortis  ; and  plates  of  glass  may  be  engraved 
in  the  same  manner  ns  oopper.  There  are  several  methods  of 
performing  this.  We  shall  first  describe  the  process  of  etch- 
ing by  the  fluoric  acid  in  the  star#  of  gas.  Having  covered  over 
the  glass  to  be  etched  with  a thin  coat  of  virgin  wax,  (common 
been-  wax  bleached  while,)  draw  the  design  upon  it,  iu  the 
same  manner  as  in  etching  on  copper.  Take  some  fluor  spar, 
(Derbyshire  spar,)  pound  it  fine,  put  it  into  a leaden  vessel, 
and  pour  some  sulphuric  add  over  it ; place  the  glass  with  the 
etched  side  lowermost  over  this  vessel,  two  or  three  inches 
above.  Apply  to  the  leaden  vessel  a gentle  heat,  which  will 
cause  the  add  to  act  upon  the  fluor  spar,  and  the  gas  disen- 
gaging itself  will  corrode  the  glass.  When  it  is  sufficiently 
corroded,  the  wax  may  be  removed  by  oil  of  turpentine.  This 
etching  may  be  also  performed  by  raising  a margin  of  border- 
ing wax  round  the  glass,  as  on  copper,  and  pour  on  tbe  liquid 
fluoric  acid,  which  acts  upon  the  glass. 

A third  method  of  etching  on  glass  is  as  follows: — Having 
put  the  wax  on  the  glass,  draw  your  design  upon  it;  raise  a 
margin  all  rotmd  it-  Then  put  pounded  fluor  spar  with  some 
sulphuric  add,  diluted  with  water,  upon  the  glass.  The  sul- 
phuric add  will  disengage  the  fluoric,  which  being  absorbed  by 
the  water,  will  corrode  the  glass.  Beautiful  ornaments  may 
thus  be  etched  on  glass,  and  applied  to  decorate  windows,  by 
painting  the  figure  of  the  ornament  on  panes  of  glass  with 
engravers'  stopping  varnish,  and  then  exposing  the  panes  to 
the  action  of  the  gas.  The  gas  will  corrode  all  the  surface  of 
the  glass,  except  where  the  varnish  has  been  put,  and  give  it 
the  appearance  of  ground  glass,  which  may  be  rendered  more 
or  less  opaque  by  lengthening  or  shortening  the  process.  The 
parts  where  the  varnish  was  applied,  will  continue  transparent, 
and  seem  extremely  bright.  It  if  to  be  noticed,  that  when 
liquid  fluoric  acid  is  used,  that  lines  which  have  been  etched 
continue  still  transparent;  but  when  the  gas  has  been  em- 
ployed, the  line  is  white  and  opaque,  as  if  cut  by  a wheel. 

En gracing  on  Precious  Starnes. — In  engraving  the 

first  thing  is  to  cement  two  rough  diamonds  to  the  ends  of  two 
sticks,  held  steadily  in  tho  hand,  and  rub  or  grind  them  against 
each  other,  till  they  are  brought  into  form.  The  powder  serves 
to  polish  them,  which  is  performed  with  a mill  turning  an  iron 
wheel.  Tho  diamond  is  fixed  in  a brass  dish,  and  applied  to 
the  wheel,  and  covered  with  diamond  dust,  mixed  with  olive- 
oil,  and  first  one  face,  then  another,  is  applied  to  the  wheel. 
Italics,  sapphires,  and  topazes,  are  cut  and  formed  on  a copper 
wheel,  and  polished  with  tripoli  diluted  in  water.  Agates,  ame- 
thysts, emeralds,  rubies,  and  tho  softer  stones,  are  eut  on  a 
leaden  wheel,  moistened  with  emery  and  water,  and  polished 
with  tripoli,  on  a pewter  wheel.  Lapis-Utuli,  opal,  Ac.  are 
polished  on  a wooden  wheel.  To  fashion  and  engrave  vases  of 
agate,  crystal,  Ac.  a lathe  is  used,  on  which  are  the  tools, 
turned  by  a wheel;  and  tbe  vessel  is  held  to  them  to  be  en- 
graven, either  in  relievo  or  otherwise ; the  tools  being  moist- 
ened, from  time  to  time,  with  diamond-dust  and  oil,  or  emery 
and  water. 

Engraving  on  Steel,  or  Dge-tinhing. — This  is  chiefly  used  in 
culling  seals,  punches,  matrices,  and  dies  for  striking  coins  or 
medals.  The  method  of  engraving  with  the  instruments,  Ac. 
is  the  same  for  coins  as  for  medals  and  counters  : the  only  dif- 
ference is  in  the  relievo,  that  of  coins  being  less  than  that  of 
medals,  and  that  of  counters  less  than  that  of  coins.  En- 
gravers in  steel  commonly  begin  with  punches,  which  are  in 
relievo,  and  serve  for  making  the  creux.  or  cavity,  of  the  matri- 
ces and  dies ; though  sometimes  they  begin  with  the  creux,  but 
only  when  tbe  work  is  to  be  cut  very  shallow. 

Improvements  in  Engraving  and  ('opper-vlate  Printing. — Very 
extraordinary  improvements  in  the  art  of  producing  and  multi- 
plying impressions  of  engravings,  ba\e  lately  been  made  by 
Jacob  Perkins,  of  Philadelphia,  who,  from  his  pre-eminent 
skill,  was  employed  by  the  American  Banks  in  the  fabrica  on 
of  notes.  It  is  tbe  peculiar  merit  of  Mr.  Perkins's  notes,  that 
they  arc  capable  of  exhibiting  the  highest  perfection  of  tho  art 
of  engraving  ; while  at  tbe  same  time  every  impression,  though 
millions  of  them  may  be  required,  is  equal  to  a proof.  His 
mode  of  proceeding  is  as  follows:  He  first  causes  the  subject 
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to  be  engraved  on  a flat  plate  of  soft  steel,  which,  beiog  duly 
hardened,  is  then  capable  of  impressing  a similar  surface  of 
soft  steel  in  u cylindrical  form.  The  cylinder  in  its  turn  being 
hardened,  is  then  capable  of  impressing  other  flat  plates  of 
soft  steel,  or  copper-plates  ; and  one  cylinder  can  thus  multiply 
steel  or  copper  plates,  in  any  desirable  number,  equal  in  effect 
and  delicacy  to  the  flrst  engraving.  From  these,  of  course,  any 
number  of  impressions  on  paper  may  be  taken,  all  fac  similes 
of  one  another  ; and,  if  steel  plates  arc  used,  they  are  all  equal 
to  proofs  ; or,  if  copper,  they  may  be  renewed  as  often  as  they 
begin  to  wear.  The  apparatus  for  transferring  the  impressions, 
as  well  as  for  producing  endless  lines  in  beautiful  scrolls,  and 
for  other  purposes,  are  highly  creditable  to  the  genius  and 
manufactures  of  the  United  States : but  Mr.  F.  has  proved  bis 
fertility  of  contrivance,  by  inventing  a machine  for  copper- 
plate printing,  by  which  he  is  enabled,  with  3d  plates  and  the 
labour  of  four  uicn,  to  produce  180  impressions  in  a minute,  or 
03,000  in  a day.  This  artist  uow  carries  on  his  business  in 
Fleet-street.  London. 

ENNEADECATER13,  in  Chronology,  n cycle  or  period  of 
ID  solar  or  lunar  years. 

ENNEANDICA,  in  Botany,  the  name  of  the  Oth  class  in 
Linmcu*'  sexual  system,  consisting  of  sneh  plants  as  have 
hermaphrodite  flowers,  with  nine  stamina,  or  small  organs. 

ENSIGN,  a large  flag  or  banner,  hoisted  on  a long  pole, 
erected  over  the  stern,  and  called  the  ensigu-staff ; the  ensign 
is  used  to  distinguish  the  ships  of  different  nations  from  each 
other,  ns  also  to  characterise  the  different  squadrons  of  the 
navy;  it  was  formerly  written  Ancient. 

ENTABLATURE,  or  Entablement, in  Architecture,  is  that 
part  of  an  order  of  a column  over  the  capital,  and  comprehends 
the  architrave,  frieze,  and  corniche.  It  is  used  sometimes  to 
denote  the  last  row  of  stones  on  tbc  top  of  the  wall  of  a build- 
ing, on  which  the  timber  nod  covering  rest. 

ENTAIL,  in  Law,  is  a fee  estate  entailed,  that  is,  abridged 
and  limited  (o  certain  conditions  prescribed  by  the  donor  or 
grantor. 

ENTERING  Forts,  ports  cut  down  on  the  middle  gun-deck 
of  three-deckers,  to  serve  as  doors  for  persons  going  in  or  out 
of  the  ship,  j Entering  Ropes , or  Side  Ropes,  three  ropes  hang- 
ing from  the  upper  pari  of  the  ship’s  side,  or  from  the  entering 
ports,  on  the  right,  left,  and  middle  of  the  steps. 

ENTOMOLOGY,  that  part  of  Zoology  which  treats  exclu- 
sively of  insects.  Linnaeus  has  divided  insects  into  seven 
orders.  The  sexes  of  insects  are  commonly  two,  male  and 
female.  Neuters  are  to  be  met  with  among  those  insects  which 
live  in  swarms,  such  as  ants,  bees,  See.  The  majority  of  insects 
are  observed  to  he  annual,  finishing  the  whole  term  of  their 
lives  in  the  space  of  a year  or  less,  and  many  do  not  live  half 
that  time;  nay,  there  arc  some  which  do  not  survive  many 
hours  ; but  this  latter  period  is  to  l>e  understood  only  of  the 
animals  when  in  their  complete  or  ultimate  form,  for  the  larva: 
of  such  as  are  of  this  short  duration  have  in  reality  lived  a 
very  long  time  under  water,  of  which  they  are  natives ; and  it 
is  observed,  that  water  insects,  in  general,  are  of  longer  dura- 
tion than  land  insects. 

Insects  are  distinguished  from  other  animals  by  their  brjng 
furnished  with  never  fewer  than  six  feet,  and  sometimes  with 
many  more ; by  their  breathing,  by  spiracles  or  breathing-holes, 
situated  at  certain  distances  along  each  side  of  tho  body;  and 
lastly,  by  the  head  being  furnished  with  a pair  of  artfe-nmr,  or 
jointed  horns,  which  arc  extremely  various  in  the  different 
trikes. 

The  first  state  in  which  the  generality  of  insects  appear.  Is 
that  of  an  egg.  From  tills  is  hatched  the  animal  in  its  second 
state,  when  it  is  improperly  called  the  caterpillar.  The  insect, 
in  this  state,  is  the  lomt  or  larve,  a mask  or  disguise  of  the 
animal  in  its  future  form.  The  larve  diflers  in  its  appearnnee, 
according  to  the  tribe  to  which  it  belongs.  When  the  time 
arrives  lor  the  larve  to  change  into  its  next  state  of  chrysalis, 
or  vupa,  it  ceases  to  feed,  and  having  placed  itself  in  some 
quiet  situation  for  the  purpose,  lies  still  for  several  hours;  and 
then  by  a laborious  effort,  frequently  repeated,  divests  itself  of 
its  external  skin,  or  larvc-coat,  and  immediately  appears  in 
the  very  different  form  of  a pupa.  The  Linoarao  term  pupa 
was  given,  from  the  indistinct  resemblance  which  many  insects 
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hear  in  this  state  (o  a doll,  or  a child  when  swathed  up  accord- 
ing to  the  old  fashion.  The  pupa  emerges  at  length  the  com- 
plete insect,  in  its  perfect  or  ultimate  form,  from  which  it  can 
never  after  change,  nor  can  it  receive  any  further  increase  of 
growth.  This  last  or  perfect  slate  is  termed  the  images. 

Some  insects  undergo  a change  of  shape,  but  are  hatched 
complete  in  all  their  parts  from  the  egg,  and  only  cast  their 
skin  from  time  to  time,  during  their  growth,  till  they  acquire 
the  full  size  of  their  species.  The  ntotifA  in  some  tribes  Is 
formed  for  gnawing  the  food,  and  operates  by  a pair  of  strong 
horny  jaws,  moving  laterally,  as  in  the  beetle  tribe;  while  in 
others  it  is  formed  for  suction,  and  consists  of  a sort  of  ttike 
In  the  butterfly  and  moth  tribe,  it  consists  of  a double  tube, 
which,  when  at  rest,  is  rolled  into  a spiral  form,  and  when  in 
nse,  extended  at  full  length.  The  eye*  differ  in  the  diffcicnt 
tribes;  the  greater  number  of  insects  are  furnished  with  ©yea 
apparently  two  in  number,  and  situated  on  each  side  the  head. 
The  outward  surface  of  the  coats  of  these  ey  may  be  com- 
pared to  so  many  convex  lenses  or  glasses.  The  head  of  the 
common  dragon-fly  is  furnished  with  2,0,000  of  these  lenses ! 
In  spiders,  the  eyes  are  from  six  to  eight  in  number  ; of  a simple 
structure,  and  placed  at  a considerable  distance  from  each 
other. 

The  muscles,  or  organs  constituting  the  several  portions  of 
the  flesh  in  insects,  are  more  numerous  than  in  the  larger 
animals,  and  extremely  irritable.  In  the  human  body,  the 
muscles  scarcely  exceed  600,  in  a large  caterpillar  more  than 
4000  have  been  discovered.  The  power  of  the  muscles  is  also 
much  greater  than  in  animals.  A flea  is  capable  of  springing 
200  limes  its  own  length  ; whereas  the  jerboe  or  kangaroo,  in 
their  most  powerful  leaps,  fall  very  short  of  the  same  propor- 
tional distance. 

The  orders  of  insects  arc,  1.  Coleapt  era,  which  have  cnista- 
oeous  cases  covering  their  wings,  and  which,  when  closed,  form 
a longitudinal  division  along  tbc  middle  of  the  back,  as  in  the 
cock-chafer  ; 2.  Hemiptcra,  w hich  have  four  wings,  the  upper 
ones  partly  erustaceous  and  partly  membranaceous,  and  being 
crossed  over  the  back,  or  incumbent  on  each  other,  as  the  cock- 
roach ; 3.  Lepidoptera,  insects  with  four  wings,  entered  with 
fine  scales  and  powder,  as  the  builerjtg , moth ; 4.  Nevropttra, 
having  four  membranous  and  semi-transparent  wings,  vt-jned 
like  network,  and  the  tail  with  a sting,  at  th t dragon  fly ; 6. 
Ihjmenoptera,  insects  which  have  four  membranaceous  and  semi- 
transparent wings  veined  like  network,  and  the  tail  armed 
with  a sling,  as  in  the  wasp  and  bee ; G.  Diptera  insects  have 
only  two  wings,  as  the  common  house-flies ; 7.  Aptera  insects 
have  no  wings,  as  the  spiders. 

ENTRANCE,  a name  frequently  given  to  the  foremost  part 
of  the  ship  under  the  surface  of  the  sea. 

ENTREPAS,  in  the  Manege,  the  broken  pace  of  ahorse, 
resembling  an  amble,  being  neither  w alk  uor  trot,  and  proceeds 
from  the  animal  having  no  reins  or  back,  and  going  upon  its 
shoulders.  In  general,  this  is  the  gait  of  all  horses  whose 
limbs  nro  spoiled. 

ENTROCHUS,  in  Natural  History,  a genus  of  extraneous 
fossils,  known  by  the  popular  name  of  St.  Cutbhcrfs  l oads, 
usually  found  in  limestone,  aud  of  all  sizes,  from  a pin’s  head 
to  a finger's  length. 

ENTRY,  Writ  of,  is  a writ  directed  to  the  sheriff,  requiring 
him  to  command  the  tenant  of  the  land,  that  he  render  to  tho 
demandant  the  premises  in  question,  or  appear  in  court  on 
such  a day,  and  shew  why  lie  has  not  douc  it. 

ENUMERATION,  the  act  of  numbering  or  counting. 

ENVELOPE,  in  Fortification,  a work  of  earth  sometimes  in 
form  of  a simple  parapet,  and  yet  at  others  like  a small  ram- 
part. with  a parapet : it  is  raised  sometimes  on  the  ditch,  and 
sometimes  beyond  it. 

ENVOY,  a person  deputed  to  negotiate  some  affair  with  any 
foreign  prince  or  state.  Those  sent  from  the  courts  of  Fiance, 
Britain,  &c.  to  any  petty  prince  of  Germany,  the  republics  of 
Venice,  Genoa,  &c.  go  in  quality  of  envoys,  not  ambassadors  ; 
and  such  a character  only  do  those  persons  bear,  who  go  from 
any  of  the  principal  courts  of  Europe  to  nuother,  when  tho 
afl'air  they  go  upou  is  not  very  solemn  or  important. 

EPACtS,  (from  txay w,  induco,  intercalo.)  in  Chronology,  the 
excesses  of  the  solar  month  above  the  lunar  synodical  mouth, 
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and  of  the  solar  year  above  the  lunar  year  of  twelve  synodical 
months  ; or  of  several  solar  months  above  as  many  synodical 
months,  and  several  solar  years  above  as  many  doxen  of  syno- 
dical months.  The  epacts  then  are  either  annual  or  menstrual. 

Menstrual  Epacts,  are  the  excesses  of  the  civil  or  calendar 
month  above  the  lunar  month.  Suppose,  e.g.  It  were  new 
moon  on  the  first  day  of  January ; since  the  lunar  month  is 
2&*  I2h  44'  and  the  month  of  January  contains  31  days,  the 
menstrual  epact  is  1*  llk  ltf  67”. 

Annual  Epacts,  are  the  excesses  of  the  solar  year  above  the 
lunar.  Hence,  as  the  Julian  solar  year  is  366*  G*>,  and  the 
Julian  lunar  year  354*  & 4 S'  3tf\  the  annual  cpact  will  be 
10*  2lk  IF  22",  that  is,  nearly  II  days.  Consequently,  tbo 
cpact  of  two  years  is  22  days ; of  three  years,  33  days ; or 
rather  thirty,  since  30  days  make  an  embolismic,  or  intercalary 
month.  Thus  the  cpact  of  four  years  is  14  days,  and  so  of  the 
rest;  and  thus  every  19th  year  the  epact  becomes  30  or  0; 
consequently  the  20th  year  the  epact  is  11  again  ; and  so  the 
cycle  of  epacts  expires  with  the  golden  number,  or  lunar  cycle 
of  19  years  begins  with  the  same  ; these  are  Julian  epacts  : the 
Gregorian  depend  upon  the  same  principles,  accounting  only 
for  tbe  difference  of  the  respective  years. 

As  the  new  moons  are  the  same,  that  is,  as  they  fall  on  the 
same  day  every  19  years,  so  the  difference  between  the  lunar 
and  solar  years  is  the  same  every  19  years.  And  because  the 
said  difference  is  always  to  be  added  to  tbe  lunar  year,  in 
order  to  adjust  or  make  it  equal  to  the  solar  year,  therefore  the 
said  difference  respectively  belonging  to  each  year  of  the 
moon's  cycle,  is  called  the  cpact  of  the  said  year,  that  is,  the 
number  to  be  added  to  the  same  year,  to  make  it  equal  to  the 
solar  year. 

Rule  to  find  the  Gregorian  Epaet.—Tbe  difference  between  the 
Julian  and  Gregorian  years  being  equal  to  the  difference 
between  the  solar  and  lunar  year,  or  II  days;  therefore,  the 
Gregorian  Epact  lor  any  year  is  the  same  with  tbe  Julian  Epact 
for  the  preceding  year;  and  hence  the  Gregorian  Epact  will  be 
found  by  subtracting  l from  the  golden  number,  multiplying 
the  remainder  by  It,  and  rejecting  the  30’s.  This  rule  will 
serve  till  the  year  1900,  but  after  that  year  the  Gregorian  Epact 
will  be  found  by  this  rule:  divide  the  centuries  of  tbe  given 
year  by  4,  multiply  the  remainder  by  17 ; then  to  this  product 
add  43  times  tbe  quotient,  and  also  the  number  86,  and  divide 
the  whole  sum  by  26,  reserving  the  quotient:  next  multiply  the 
golden  number  by  II,  and  from  the  product  subtract  the 
reserved  quotient,  so  shall  tho  remainder,  after  rejecting  all 
the  30’s  contained  in  it,  be  the  epact  sought.  The  following 
table  contains  the  golden  numbers,  with  their  corresponding 
epacts,  till  the  year  1900. 

Taslc  of  Gregorian  Epacts, 


Gold  Ml 

>uoib«r. 

{'yen 

Gulden 

K«uV*. 

Epneu. 

Golden 

Snmbt*. 

Rpoeie. 

| 

0 

VIII. 

17 

XV. 

4 

ii. 

11 

IX. 

28 

XVI. 

16 

hi. 

22 

X. 

9 

XVII. 

20 

IV. 

3 

XI. 

20 

XVIII. 

7 

V. 

14 

XII. 

] 

XfX. 

18 

VI. 

26 

XIII. 

12 

1. 

0 

VII. 

0 

XIV. 

23 

BPHA,  or  Ephah.  in  Jewish  antiquity,  a dry  measure  con- 
taininc  about  a bushel. 

EPHEMERA,  the  Dog-Fig,  or  May-Fig,  a geuus  of  insects 
belonging  to  the  order  of  neuropter*.  There  are  eleven  species. 
These  flies  take  their  name  of  May-lly  from  the  shortness  of 
their  life.  Some  live  several  days,  others  do  not  take  flight 
till  the  setting  of  the  sun.  and  live  not  to  see  his  rising.  Some 
exist  an  hour,  others  half  that  time. 

EPHEMERIDES,  in  Astronomy,  tables  calculated  by  astro- 
nomers, shewing  the  present  state  of  the  heavens  for  every  day 
at  noon  ; that  is,  the  places  wherein  all  the  planets  are  found 
nt  that  time.  It  is  from  these  tables  that  the  eclipses,  conjunc- 
tions. und  aspects  of  the  planets  are  determined,  horoscopes 
or  celestial  schemes  constructed,  4cc.  The  astronomers  of 


most  nations  publish  ephemerides ; of  these  the  most  celebrated 
are,  the  Ephemerides  of  Bologna;  tbe  Naotlual  Almanac,  pub- 
lished in  England  ; and  the  Connoissance  dcs  Temps,  pub- 
fished  in  France. 

EPHEMKKIS,  a Nautical  Almanack. 

EPICUREANS,  a sect  of  ancient  philosophers  who  followed 
the  doctrine  of  Epicurus,  a celebrated  philosopher  of  Garge- 
tium  in  Attica,  about  300  years  before  Christ  At  tbe  early 
age  of  12  years  he  gave  astonishing  proofs  of  genius,  which  bo 
afterwards  improved  by  visiting  Athens,  which  was  then 
crowded  by  tho  followers  of  Plato,  the  Cynics,  Peripatetics, 
and  tbe  Stoics.  Here  he  established  himself,  and  soon 
attracted  a number  of  followers  by  the  sweetness  and  gravity 
of  his  manners,  and  by  his  social  virtues.  In  his  ethics  he 
maintained  that  tbe  supreme  good  of  man  consists  in  pleasure, 
and  supreme  evil  in  pain.  Nature  herself,  says  he,  teaches  us 
this  truth  ; and  prompts  us  from  our  birth  to  procure  whatever 
gives  us  pleasure,  and  avoid  whatever  gives  us  pain.  This 
doctrine,  which  seemed  to  open  the  way  to  sensuality  and 
dissipation,  procured  for  Epicurus  a great  number  of  enemies, 
particularly  amongst  the  Stoics;  but  he  refuted  all  the  accu- 
sations of  his  adversaries  by  the  purity  of  his  morals.  His 
followeis  were  numerous  in  every  age  and  country;  bat  they 
soon  degenerated  from  the  comparatively  pare  sentiments  of 
their  master,  and  placed  their  happiness  in  gross  and  sensual 
pleasures. 

EPICYCLE,  in  the  ancient  Astronomy,  was  a subordinate 
orbit  or  circle,  which  was  supposed  to  move  on  the  circum- 
ference of  a larger  one,  called  the  different ; by  means  of 
which  one  motion,  apparently  irregular,  was  resolved  into  two 
that  were  circular  and  uniform.  And  when  the  observed 
motion  was  so  irregular  and  complicated  as  not  to  be  resolved 
with  one  epicycle,  others  were  added  till  a nearer  approxima- 
tion was  obtained.  This  system  owed  its  origin  to  a prejudice 
that  seems  to  have  been  extremely  ancient,  in  favour  of  circu- 
lar motion ; and  the  problem  that  principally  engaged  the 
attention  of  astronomers  in  those  times,  was  to  assign  the  pro- 
per proportion  of  the  different  and  epicycle  which  should 
approximate  nearest  to  absolute  observation. 

EPICYCLOID,  in  Geometry,  is  a curve  generated  by  a 
point  id  one  circle,  which  revolves  about  another  circle,  either 
on  the  concavity  or  convexity  of  its  circumference,  and  thus 
differs  from  the  common  cycloid,  which  is  geoerated  by  the 
revolution  of  a circle  along  a right  Hoe;  though  the  latter  has 
sometimes  been  assimilated  with  the  former,  by  considering 
the  right  line  as  the  circumference  of  a circle  whose  diameter 
is  infinite.  The  invention  of  epicycloids  is  ascribed  to  M. 
Roemcr,  the  celebrated  Danish  astronomer. 

EPIDEMIC,  in  Medicine,  denotes  those  diseases  which 
prevail  at  particular  seasons,  attacking  many  persons  at  tbe 
same  time. 

KPI  DEN  DRUM,  a genus  of  tbe  diandrin  order. 

EPIGASTRIC  REGION,  a part,  or  subdivision  of  tbo 
abdomen. 

EPIGRAPHE,  denotes  tire  inscription  of  a building,  point- 
ing out  the  time  when,  the  persons  by  whom,  and  the  uses  for 
which  it  was  erected. 

EPILEPSY,  in  Medicine,  the  same  with  what  is  usually 
called  the  falling  sickness,  from  the  patient's  falling  suddenly 
on  the  ground. 

EPIPHANY,  a Festival,  otherwise  called  the  Manifestation 
of  Christ  to  the  Gentiles,  observed  on  the  6th  of  January,  in 
honour  of  the  appearance  of  our  Saviour  to  the  three  magi,  or 
wise  men,  who  came  to  adore  him,  and  bring  him  presents. 
The  kings  of  England  and  Spain  offer  gold,  frankincense,  and 
myrrh,  on  epiphany,  or  twelfth  day,  in  memory  of  the  offerings 
of  the  wise  men  to  the  infant  Jesus.  Tbe  festival  of  epiphany 
is  called  by  the  Greeks  the  Feast  of  Lights,  because  our  Saviour 
is  said  to  have  been  baptised  on  this  day  ; the  baptism  b by 
them  called  illumination. 

EPISCOPACY,  ecclesiastical  government  by  bishops  and 
other  dignitaries,  as  in  the  church  of  England. 

EPISTILE,  in  Architecture,  the  architrave,  a massive  piece 
of  wood  or  stone  laid  immediately  over  the  capital  of  a column. 

EPITAPH,  a monumental  inscription  in  honour  or  memory 
of  a person  defunct,  or  an  inscription  engraven  or  cut  on  ft 
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tomb,  to  mark  the  time  of  a person’s  decease,  his  name, 
family,  and,  usually,  some  culogium  of  his  virtues,  or  good 
qualities. 

EPITHEN,  in  Pharmacy,  a kind  of  fomentation,  or  remedy 
of  a spirituous  or  aromatic  composition,  applied  externally  to 
the  region  of  the  heart,  the  liver,  &c.  to  strengthen  and  comfort 
the  same,  or  to  correct  some  intemperature  thereof, 

EPOCHA,  or  ./Era,  is  a certain  fixed  point  of  time,  made 
famous  by  some  remarkable  event ; from  whence,  as  from  a 
root,  the  ensuing  years  are  numbered  or  computed.  As  there 
is  no  astronomical  consideration  to  render  one  epocha  prefer- 
able to  another,  their  constitution  is  purely  arbitrary,  and 
therefore  various  epochas  have  been  used  at  different  limes, 
and  among  different  nations. 

The  Chnstutn  Epocha  commences  on  the  26th  of  December, 
or  the  1st  of  January.  But  in  those  countries  which  observe 
the  Julian  calendar,  it  commences  on  the  25th  of  March.  The 
author  of  this  way  of  compnting  from  Christ,  was  Dionysius 
Exiguus,  a Roman  abbot,  who  lived  about  the  beginning  of  the 
sixth  century. 

The  Epocha  of  the  Creation , according  to  the  Jewish  compu- 
tation, is  the  year  of  the  Julian  period  963,  answering  to  the 
year  of  Christ  3701,  and  commencing  on  the  7th  of  October. 
Hence,  if  we  subtract  962  from  any  given  year  of  (lie  Julian 
period,  the  remainder  is  the  corresponding  year  of  the  Jewish 
epochs  of  the  creation. 

The  Epocha  of  the  Olympiads,  used  principally  by  the  Greeks, 
is  famous  in  ancient  history.  It  took  its  rise  from  (he  Olympic 
games,  which  were  celebrated  at  the  beginning  of  every  fifth 
year,  near  Olympia,  a city  of  Elis,  iu  Peloponnesus.  An 
Olympiad,  therefore,  was  a period  of  four  tears ; aud  by  these 
periods  the  Greeks  reckoned  their  lime,  the  year  in  which  the 

antes  were  celebrated  the  first  year  of  the  Olympiad.  The 

eginniog  of  tbe  first  Olympiad  is  referred  to  the  year  of  the 
Julian  period  3931,  or  776  years  before  Christ. 

Tbe  Epocha  of  the  Building  of  Rome,  was  the  principal  one 
among  the  Romans.  This  epocha  is  tbe  year  of  the  Julian 
period  3961,  and  answers  to  the  year  762  before  Christ,  com- 
mencing on  the  21st  of  April. 

The  Diocletian  Epocha,  or  epocha  of  the  Martyrs,  commences 
in  the  year  of  Christ  284,  and  that  of  tbe  Julian  period  4997. 
It  obtained  its  name  from  the  great  number  of  Christians  who 
suffered  martyrdom  in  the  reign  of  the  emperor  Dioclesian. 

The  Epocha  of  the  Hegira  is  used  by  the  Turks,  Arabs,  and 
others  who  profess  the  Mahometan  faith.  It  commences  on  the 
10th  of  Joly,  in  the  year  of  Christ  622,  and  of  the  Julian  period 
6336.  The  word  ktgira  signifies  fight ; the  event  which  gave 
occasion  to  this  epocha,  being  Mahomet’s  flight  from  Mecca. 
The  magistrates  of  that  city,  finding  that  his  imposture  tended 
to  disturb  the  public  peace,  were  determined  to  cut  off  the 
author  of  it,  to  prevent  the  further  spreading  of  the  mischief. 
But  Mahomet,  having  timely  notice  of  their  design,  fled  by 
night  to  Medina,  another  city  of  Arabia,  in  the  year  of  our  Lord 
above  mentioned ; and  this  is  tbe  principal  rera  from  which  the 
Mahometans  compute  their  time. 

Dionysius  began  his  account  from  the  conception  or  incarna- 
tion, usually  called  tbe  Annnnciation,  or  Lady  Day,  which 
method  obtained  in  the  dominions  of  Great  Britain  till  tbe  year 
1762,  before  which  time  the  Dionysian  was  the  same  as  tbe 
English  epoch  ; but  in  that  year  the  Gregorian  calendar  having 
been  admitted  by  act  of  parliament,  we  now  reckon  from  tbe 
1st  of  January,  as  in  tbe  other  parts  of  Europe,  except  in  the 
court  of  Rome,  where  the  epoch  of  the  incarnation  still  obtains 
for  tbe  date  of  their  balls.  The  true  birth  of  Christ  was  four 
years  earlier  than  is  reckoned  in  tbe  common  date,  which  cor- 
responds to  4709  of  the  Julian  epoch. 

EPROUVBTTE,  tbe  name  of  an  instrument  for  ascertain- 
ing the  strength  of  fired  gunpowder,  or  of  comparing  the 
strength  of  different  kinds  of  gunpowder.  One  of  the  best 
for  the  proof  of  powder  in  artillery,  is  that  contrived  by  Dr. 
Hutton.  It  consists  of  a small  brass  gun,  about  21  feet  long, 
suspended  by  a metallic  stem  or  rod,  turning  by  an  axis  on  a 
firm  and  strong  frame,  by  means  of  which  tbe  piece  oscillates 
in  a circular  arch.  A little  below  the  axis,  the  stem  divides 
into  two  branches,  reaching  down  to  the  gun,  to  which  the 
lower  ends  of  the  branches  are  fixed,  the  one  near  the  muxzlc, 


the  other  near  the  breech  of  the  piece.  Tbe  upper  end  of  the 
stem  is  firmly  attached  to  the  axis,  which  turns  very  freely  by 
its  extremities  in  the  sockets  of  the  supporting  frame,  by  w hich 
means  the  gun  and  stem  vibrate  together  in  a vertical  plane, 
with  a very  small  dcgTce  of  friction.  The  piece  is  charged 
with  a small  anantity  of  powder  (usually  about  two  ounces) 
without  any  ball,  and  then  fired  ; by  the  force  of  the  explosion, 
the  piece  is  made  to  recoil  or  vibrate,  describing  an  arch  or 
angle,  which  will  be  greater  or  less,  according  to  the  quantity 
or  strength  of  the  powder. 

To  measure  tbe  quantity  of  recoil,  and  consequently  the 
strength  of  the  powder,  a circular  brazen  or  silvered  arch  of  a 
convenient  extent,  and  of  a radius  equal  to  its  distance  belowr 
tbe  axis,  is  fixed  against  the  descending  two  branches  of  the 
stem,  and  graduated  into  divisions,  according  to  the  purpose 
required  to  be  answered  by  the  machine,  viz.  1.  Into  equal 
parts,  or  degrees,  for  the  purpose  of  determining  the  angle 
actually  described  in  the  vibration.  2.  Into  unequal  parts, 
according  to  the  chords,  being  in  fact  100  times  the  double 
sines  of  the  half  angles,  and  running  up  to  100,  as  equivalent 
to  90  degrees  ; these  serve  to  compare  the  velocities  given  by 
the  powder.  3.  Into  equal  parts,  according  to  the  versed 
sines  ; they  are,  in  truth,  100  times  the  versed  sines  of  our 
common  tables,  1611  corresponding  with  90  degree*,  and  these 
serve  to  compare  tbe  forces.  The  divisions  on  these  scales  are 
read  off,  that  is,  marked  out,  by  an  index,  which  is  carried  on 
the  arch  during  the  oscillation,  ami  then  stopping  there,  shews 
tbo  actual  extent  of  the  vibration.  Dr.  Gregory  has  found, 
upon  several  trials,  that  two  ounces  of  powder  give  36  on  the 
chords,  or  21°  on  the  arc.  Ramsdm't  eprouvette  is  a gun  that 
recoils  in  a direction  parallel  to  itself,  instead  of  vibrating  as 
a pendulum. 

EPSOM  SALTS,  are  sulphate  of  magnesia. 

EQUABLE  Motion,  is  that  whereby  tbe  moveable  body 
proceeds  with  the  same  continued  velocity,  being  neither  acce- 
lerated nor  retarded. 

EQUABLY  accelerated  or  retarded  Motion,  8tc.  is  when  the 
motion  or  change  is  increased  or  decreased  by  equal  quantities 
or  degrees,  in  equal  times. 

EQUAL,  a term  of  relation  betweeu  two  or  more  things  of 
the  same  magnitude,  quantity,  or  ouality,  or  equals,  arc  those 
things  which  may  be  substituted  for  each  other  without  any 
alteration  of  their  quantity.  For  it  is  an  axiom  in  geometry, 
that  two  things  which  are  equal  to  the  same  thing,  arc  also 
equal  to  each  other.  And  again,  if  to  or  from  equals  you  add 
or  subtract  equals,  the  sum  or  remainder  will  be  equal. 

Equal  Altitudes,  in  Practical  Astronomy,  one  of  the  most 
practicable  and  certain  methods  of  determining  the  time,  and 
thus  ascertaining  the  error  of  a clock  or  chronometer,  is  by 
observing  equal  altitudes  of  the  sun  or  of  a fixed  star.  For 
this  purpose,  all  that  is  necessary  is,  to  observe  the  instant  the 
son  or  star  is  at  any  altitude  towards  the  east,  before  the 
meridian  passage  ; and  the  instant  must  likew  ise  be  marked 
when  the  same  object  attains  exactly  the  same  altitude  towards 
the  west,  after  the  meridian  passage ; the  mean  between  the 
above  quantities  will  be  the  instant  marked  by  the  clock  at  the 
moment  the  sun  or  star  was  on  the  meridian.  The  preceding 
operation,  however,  supposes  that  the  declination  of  the  object 
has  not  varied  daring  the  elapsed  interval,  but  this  with  the 
sun  seldom  happens.  The  observation  must,  therefore,  be 
corrected  by  a table,  or  by  a direct  calculation. 

Equal  Angles,  are  those  whose  containing  lines  are  inclined 
alike  to  each  other,  or  which  are  measured  by  similar  arcs  of 
their  circles. 

Equal  Arithmetical  Ratios,  are  those  wherein  the  difference 
of  the  two  less  terms  is  equal  to  the  difference  of  the  two 
greater. 

Equal  Curvatures,  are  such  as  have  the  same  or  equal  radii 
of  curvature. 

Equal  Figures,  are  those  whose  areas  are  equal,  whether 
the  figures  he  similar  or  not. 

Equal  ( Geometrical  Ratios,  are  those  whose  least  terms  are 
similar  aliquot  or  aliquant  parts  of  the  greater. 

Equal  Solids,  are  those  whose  capacities  are  equal, 

EQUALITY,  in  Algebra,  is  a comparison  of  two  quantities 
which  are  in  effect  equal,  though  differently  expressed  or 
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represented ; and  it  is  usually  denotea  u}  ,«o  parallel  lines, 
as  = ; thus  4 4 4 = 8;  that  is,  4 added  to  4 is  equal  to  8. 
liutsomc  writers  use  the  character  oc,  and  others  ag»in  for 
expressing  equality;  hut  the  two  lines  me  now  generally 
adopted.  In  the  solution  of  a numeral  problem,  which  is  to  be 
rendered  rational,  it*  there  be  only  oqp  foimula.  to  be  equal  to 
a square  or  other  higher  power,  it  is  called  a simple  equality. 

EQUANIMITY,  in  Ethics,  denotes  that  even  and  calm 
frame  of  mind  and  temper  under  good  or  bad  fortune,  whereby 
a man  appears  to  be  neither  puffed  up  itor  overjoyed  with 
prosperity,  nor  dispirited,  soured,  nor  rendered  uneasy  by 
ndvt  rsity. 

EQUATED  Budics,  on  the  uvnier  Scale,}*  the  name  of  two 
lines,  which  relates  to  the  comparison  of  the  sphere  and  the 
regular  bodies  ; they  arc,  however,  seldooi  given  on  modern 

a tales. 

EQUATION,  in  Algebra,  ie  any  expression  in  which  two 
quantities  differently  represented  are  put  equal  to  each  other, 
by  means  of  the  sign  = placed  between  them  ; thus  7 ax  + 3x 
b,  by*  4 3y  — « = 0,  7 x*  4 3x*  — II  =0,  &c.  are 
equations,  and  these  receive  different  names,  according  to  the 
various  circumstances  of  the  powers,  relations,  and  combi  na- 
tions of  the  unknow  n quantities  which  enter  into  them. 

A Literal  Equation,  is  that  in  which  all  the  quantities,  both 
know  ii  and  unknown,  are  expressed  by  letters,  as  a x*  4-  bx  = e. 

A Sumeral  Equation,  is  (hat  in  which  the  co-eflicicntsof  the 
unknown  quantity  and  absolute  terms  arc  given  numbers,  as 
6.v5  4 7 x = Iff,  x*  — lux  — 1 = 0,  8tc. 

A Simple  Equation,  is  that  in  which  the  unknown  quantity 
enters  only  in  the  first  degree,  as  7x  = 36,  ax  4*  bx  = c, 

3 ax  4 6 Ax  = 110,  Ike.;  and  these  aro  always  better  ex- 
pressed by  putting  all  the  oo-elDeiroli  under  a parenthesis, 
with  the  unknown  quantity  outside,  thus  (a  4-  b)  x = e,  (3a 

4 bb)  x — 110,  kc. 

A < tundra  tic  Equation,  is  that  which  the  unknown  quantity 
enters  into  the  second  degree,  as  a x*  = b.  a x*  4-  It  x = c,  81c. 

Note.  When  only  the  second  power  enters,  as  ax*  = b,  it  is 
called  a SimpU  Quadratic;  and  when  the  second  and  first  both 
occur  in  the  same  equation,  it  is  called  an  Adfeeted  Quadratic  ; 
suc  h are  the  equations  a x*  + bx  = c.  x*  4*  a zz  bx,  kc. 

A Cubic  Equation,  is  that  in  which  the  third  power  of  the 
unknown  quantity  enters,  as  x*  4*  ■*’  4-  Ax  = r,  x*  4-  ax 
= b,  ax9  = c,  kc.  The  latter  of  which  is  called  a Simple 
Cubic. 

A Biquadratic  Equation,  is  that  in  which  the  fourth  power 
of  the  unknown  quantity  enters,  as  ax4  4-  bx * 4-  ex*  4-  dx 
= e ; and  w hen  only  the  fourth  power  entors,  it  is  called  a 
Simple  Biquadratic. 

Reduction  of  Equations,  is  of  two  kinds,  viz.  first,  (he  redac- 
tion of  them  from  a higher  to  a lower  dimension  ; and,  second, 
the  reduction  of  them  to  some  particular  form,  to  pieparc  them 
for  solution.  The  former  of  these  cases  is  more  commonly 
called  the  Depression  of  Equations,  which  sec  ; and  the  latter 
usually  consists  in  exietiimiaiing  the  second  term  of  the  equa- 
tion, ibis  being  tho  most  eligible  form  for  solution.  Some 
authors  also  use  the  term  Reduction  of  Equations,  for  what  is 
more  usually  ami  properly  called  the  Solution  of  Equations. 

Solution  of  Equ  ations,  is  the  method  of  finding  their  roots, 
which,  however,  can  only  be  done  in  a diiect  manner,  for  the 
first  four  degrees,  tie.  in  Simple,  Quadratic,  Cubic,  and  Biquad- 
ratic Equations  ; and  the  several  methods  of  procedure,  in  each 
of  these,  is  given  under  the  annexed  examples.  Equations 
that  exceed  the  fourth  degree  cannot  be  solved  by  any  direct 
rule,  (except  in  a few  partial  coses,  in  which  there  are  certain 
relations  cither  between  the  roots  or  co-eRicients,)  although  the 
subject  has  been  investigated  by  many  of  the  ablest  analysts 
of  Europe.  We  have,  therefore,  no  means  of  obtaining  tho 
roots  in  those  cases,  but  by  approximation. 

Quest  ion*  u hick  nirol ve  Equations  containing  only  One  unknown 
Quantity.  - Quettwn  1.  There  arc  two  numbers  whose  differ- 
ence is  I 2,  and  their  sum  ‘20;  what  are  the  numbers  ’ 

As  their  difference  is  12,  the  greater  number  mast  evidently 
exceed  the  less  number  by  12. 

Solu.  Let  x = the  less  number;  then  x 4-  12  will  be  the 
greater.  But  by  the  equation,  tho  sum  of  the  two  numbers  is 
20 ; or,  the  greater  4-  the  less  number  = 20. 


Hence,  by  addition,  (r  + 12)  -f  r = 20. 
That  is,  2 x 4 x ..  =20. 

therefore,  2x  ..  = '20  — 


and  . , x 


H __ 

2 ” 


12  = 8. 

4 the  lets  No. 


lienee  the  grtuitr  number  = x 4*  12  = 4 4-  12  = 1(5. 


Question  2.  There  are  two  numbers  whose  difference  is  0, 
and  if  three  limes  the  greater  be  added  to  five  times  the/esj,the 
sum  will  be  36;  what  are  lliose  two  numbers  ? 

Solu.  Lei  x = the  less;  then  x 4-  9 = the  greater  number. 
And  3 times  the  greater  = 3 x f 4-  9 = 3x  + 27. 

6 times  the  lets  = 5 X x 0 = 6 x. 

But,  by  the  ronditicm  of  the  question,  3 times  the  greater  4* 
6 times  the  less  number  = 36. 

Hence,  by  addition,  (3x  4 27)  4 5x  = 95; 

That  is,  8x4  27  = 36,  or  8x  = 36  — 27  = 8 ; 

8 

x = - = 1 = the  lest  number ; 


and  r 4-9  " 1 4*0  = 10  the  greater  number. 
Question  3.  What  number  is  that,  to  w hich  if  we  add  10, 
three-fifths  of  the  sum  shall  be  6G ' 

Solu.  Lei  x = the  number  sought,  then  x 4*  10  = the  num- 
ber 4-  10. 


Now,  ?tbs  of  *+10=*  X * + to  = * *■  1 

O Q if 

3 

But,  by  the  question,  - ths  of*  4 10  = (iff. 


3x430 

6 


Hence,  by  substitution,  ***■*-■'*  * = (W. 

Multiplying  by  6,  we  have  3x  4 30  = 330; 

300 

3x  = 330  — 30  = 300,  and  x = 3 = 100  = the  required  No. 


Question  4.  What  is  the  number  which,  being  multiplied 
by  6,  the  product  Increased  by  30,  and  that  sum  divided  by  18, 
the  quotient  shall  be  20! 

Solu.  Let  x = the  number  sought. 

Then  Ox  = tho  number  multiplied  by  6. 

Also  Or  4 3C  = the  product  increased  by  30, 

. , 6x  4 30 

And  jg = that  sum  divided  by  18. 


„ , Cr  4 36 

Hence,  by  the  quesdou,  ■■  — ^ - • = 20. 

And  6x  4 30  = 300,  multiplying  by  18, 
or  Ox  zz  300  — 36  = 324 ; 

324 

% — -y  = 64,  tne  number  required 


Quation  5.  A post  is  one-fifth  in  tho  earth,  three-sevenths 
in  water,  and  13  feel  out  of  water;  what  is  the  length  of  the 
post! 

Solu.  Let  x = the  length  of  the  post ; 

Then  = the  part  of  it  in  tho  earth ; 

3x 

Also  y = the  part  of  it  in  the  water  ; 

And  13  = the  part  of  it  oal‘of  the  water ; 

But  the  part  in  earth  4 part  in  water,  4 part  out  of  water  = 
the  w hole  post 

, x 3 x 

Therefore  ~ 4*  y 4-  13  = x. 

Multiply  by  5,  then  x 4 ~y  4*  66  = 5x. 

by  7,  and  7 x 4 I6x  4 466  = 35*; 

or  465  = 36x — 7x  — 16x  = 13, 

Hence  x = -jy  = 36  feet,  the  length  of  the  post. 
QuesfioM  6.  Haring  paid  away  one-fourth  and  one-seventh 
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of  my  money,  I had  eighty-five  pounds  left  in  my  purse  ; how 
much  money  was  in  it  previously  to  these  disbursements  ? 

Solu.  Let  * = the  money  in  purse  at  first ; then  - + y 

is  the  money  paid  away. 

Now,  by  the  question,  x zz  *-  + p + 86;  multiply  by  28, 
Then  28x  = 7x  + 4x  + 2380,  or  17  x = 2380 ; 
Therefore  x = = £ 140.  the  money  at  first  in  my  purse. 


Problfus,  or  Question*,  invoking  quadratic  equations,  are 
solved  by  the  same  process  as  that  for  the  solution  of  those 
which  contain  simple  equations.  But  as  every  quadratic 
equation  contains  two  values  of  the  unknown  quantity,  ques- 
tions of  this  class  may  admit  of  a double  solution.  And  as  the 
particular  nature  of  the  question  must  determine  whether  one  or 
both  of  these  values  may  apply  to  it,  no  general  role  can  he  laid 
down,  yet  may  the  processes  of  solution  of  problems  involving 
quadratic  equations  be  sufficiently  understood  by  observing  tbo 
conclusions  deduced  from  the  following  examples. 

Example  1.  To  find  that  number  to  which,  if  yon  add  12, 
and  multiply  the  sum  by  the  number  required,  the  product  shall 
be  680. 

Solu.  Let  x = the  number  sought ; 

Then  (x  + 12)  x = 689,  or  X*  + I2x  = 580  by  the  question. 
Complete  the  square,  or  add  to  each  side  of  the  equation  the 
square  of  half  the  co-efficient  of  the  sccoud  term,  and  we  have 
,?  + |2x  + 36  = 626 ; hence, 

extraetthe  root,  and  wc  get  x + 0 = s/««6  = 25 ; 

Therefore,  x = 26  — 6 = 19,  the  number  sought. 

Example  2.  To  divide  the  number  60  into  two  such  parts, 
that  their  product  shall  be  640. 

Solu.  Let  x = imf  part ; then  66  — x = the  other  part  ; 
ADd  xx  (56  — x)  = the  product  of  the  two  parts. 

Hence,  x X (50  — x)  = 040,  or  66  x — x*  = 640  by  the 
question,  or  x»  — 66x  = — 640;  henco 
by  completing  the  square,  x*  — 66  x +784  = 784  — 640=  144; 

Therefore,  x — 28  = + s/I 44  = ± 12; 
and,  consequently,  x = 28  + 12  = 40  or  16. 

Note.  The  two  values  of  the  uuknown  quantity  arc,  in  this 
instance,  tbo  two  parts  into  which  the  given  number  was 
required  to  be  divided. 

J?xsmpfe3.  Let  the  difference  of  two  numbers  be  7,  and 
half  their  product  plus  30  be  equal  to  the  square  of  the  lees 
number ; it  is  required  to  find  those  two  numbers  : 

Solu.  Let  x = the  less,  then  x + 7 = the  greater  number, 

And  ~ ~ + 30  = half  their  prodnet  plus  30. 


* f r + 7)  x*  + 7 x 

Hence  2 — + 30  = x«  (square  of  tbe /cm)  or  — + 


30  = x*  by  the  question. 

Multiply  now  by  2,  and  x*  + 7x  + 00  = 2x?. 

Or,  by  transposition,  x*  — 7 x = 00 ; hence 

49  40  289 

by  completing  the  square  x*  — 7x  + — = 60  + — — — ; 

7 /2H0  __  17 

Consequently,  x—  j — ± ~4  ~~  * 2’ 


Therefore  x = — = 12,  or  — 6 = less  part  ; 

Andx  + 7 = 12  -|-  7,  or  — 6 + 7=  19,  or  2=  the  greater  part. 


Note.  This  problem,  we  see,  admits  of  a double  solution; 
for  whether  12  and  19or  — 6 and  2 be  taken  as  the  correspond- 
ing less  and  greater  parts,  the  conditions  of  the  question  arc 
answered  by  each  pair  of  numbers. 


nius.  Thus  tbe  difference  of  12  and  19 is  7. 

That  of  — 6 and  2 is  7. 


2D 


(12  + 10> 

Half  product  of  12  and  19  + 30  -r v ■ -f-  30  = 144  = 

= square  of  the  less. 

C—  6X2) 

That  of  — 6 and  2 + 30  = 5 + 30  = 


26  = — = square  of  the  less. 

*4 

Example  4.  To  divide  the  number  30  into  two  such  parts  that 
their  product  may  be  equal  to  eight  times  their  difference. 

Solu.  Let  x = the  less  ; then  30  — x = the  greater  part. 
And  30  — x — x,  or  30  — 2 x = their  difference. 
Hence,  x x (30  — x)  = 8 (30  — 2x),  by  tbe  question, 
or,  which  is  the  same,  30 x — x*  = 240  — 16x. 

Or,  by  transposition,  x*  — 46  x = — 240. 

Complete  the  square,  aod  x*  — 46x  + 529  = 629  — 240  = 280, 
Therefore,  x — 23  = ± */  280  = ± 17, 

Whence,  x = 23  £ 17  = 40  or  6 = lew  part. 

And  30  — x = 30  — 40  or  30— 6 = — 10 or  24  = greater  part. 

Here  the  equation  gives  for  the  less  part  40  and  6 ; but  as  40 
cannot  possibly  be  a part  of  30,  we  take  6 for  the  less  part 
which  allows  24  for  the  greater ; and  the  two  numbers  24  and 
6 answer  the  conditions  of  the  question. 

Example  5.  A merchant  bought  cloth  for  £33.  16s.  which  be 
sold  again  at  £2.  8s.  per  piece,  and  gained  by  the  bargain  as 
much  as  ono  piece  cost  him  : what  did  he  gain  by  the  bargain? 
Solu . Let  x = the  number  of  pieces. 

Then  — - = the  number  of  shillings  which  each  piece  cost ; 
x 

and  48  x = the  number  of  sbilliogs  which  he  sold  the  whole  for. 
Therefore  48  x — 676  = what  be  gained  by  the  bargain. 
676  , 

But  48  x — 675  = » by  the  question, 


and  ±* x = -jg-,  by  transposition  and  division. 

226  50626 226  60025  65025 

Then  comp,  the  »qr,  and  e*  — — la  +"io5«  — ~Tmi‘ 


Therefore  x — 


32  — 


/06026 
1024  : 


± 266  /65025 

32"  s/  1024 


± 265  + 225  ik  - 30 
And  a = = 15  or  — 


But  it  fs  obvious  the  number  required  Is  16,  because  the  con- 
ditions of  the  qurslion  arc  such  that  there  cannot  be  a negative 
or  fractional  number  of  pieces. 

Example  6.  A and  B set  off  at  the  same  time  to  a place  at 
the  distance  of  160  miles  from  that  which  they  left;  A travels 
3 miles  an  hour  faster  than  B,  and  arrives  at  his  journey's  end 
8 hours  20  minutes  before  him  : it  is  required  to  find  what  rato 
each  person  travelled  per  hour. 

Solu.  Let  x = the  rate  per  hour  at  which  B travels. 

Then  x + 3 = the  rate  per  hour  at  which  A travels. 

tfiO 

And  = the  nitmfrrr  of  hours  for  which  B travels. 

x 


Also  — — = the  number  of  hours  for  which  A travels. 

x+  3 

But  A arrives  8 hours  20  minutes  (84  hours)  sooner  at  his 
journey's  end  than  B ; 

„ 160  150  160  26  226 

Hence  —r~r,  + 8|  = , or  — — + — - — — ♦ 

x + lJ  1 X *+3  T 3 x 

Bnt,  by  reduction,  we  get  X*  + 3x  = 54. 

9 9 226 

And  completing  the  square  x*  + 3x  + - = 64  + -z  — 


Therefore, 


And  x = 


3 PtS  ±15 

* + a - v T = — a* 


±16—3 


■ = 6 or  — 9 miles  an  hour  for  B. 


Whence  x + 3=  9or  — 6 miles  an  hour  for  A. 
4 A 
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Since  this  is  a question  of  motion,  it  is  evident  that  if  motion 
t«  m place  be  reckoned  positive , motion  from  the  same  place 
must  be  reckoned  negative:  But  A and  B arc  moving  to  a given 
place,  therefore  the  po/irire  numbers  0 and  9 are  taken  for  the 
respective  rates  per  hour  of  A and  B. 

Example  6.  It  is  required  to  divide  the  number  14  into  two 
such  parts  that  their  product  shall  be  60. 

Solu,  Let  x = one  part;  then  14  — x zz  the  other  part  j 
Hence,  by  the  question,  x x (13  — x)  sz  60,  or  14x  — x*  = 60 ; 
Therefore,  x*  — 14  x = — 80, 

And  x»  — 14  x + 49  = — 60  + 49  = — 1,  or*  — 7=  + 

a/-»;  

Therefore,  r zz  7 + — 1. 

But  both  the  values  ofx  are  impossible,  because  the  question 
itself  is  impracticable. 

Equation  of  Payments,  in  Arithmetic,  is  the  finding  the  time 
to  pay  at  once  several  debts  due  at  different  times,  and  bear- 
ing no  interest  till  after  the  time  of  payment,  so  that  no  loss 
shall  Iks  sustained  by  either  party.  The  rule  commonly  given 
for  this  purpose  Is  as  follows  ; — Multiply  each  sum  by  the  time 
at  which  it  is  doc  ; then  divide  the  sum  of  the  products  by  the 
sum  of  the  payments,  and  the  quotient  will  be  the  lime  required. 

Thus,  for  example,  A owes  B £ 190,  to  be  paid  as  follows  ; 
vix.  £60  at  6 months,  £60  at  7 months,  and  £80  at  10  months, 
what  is  the  equated  time  at  which  the  whole  ought  to  be  paid, 
that  no  loss  may  arise  either  to  debtor  or  creditor? 

By  the  rule,  60  x 6 — 300 

00  x 7 = 420 

80  x 10  = 800 

190  ) 1620  ( 8 months  equat.  time. 

1620 

This  rule,  however,  is  founded  cm  a supposition,  that  the 
interest  of  the  several  debts  which  arc  payable  before  the 
equated  time,  from  their  terms  to  that  time,  ought  to  be  equal 
to  the  sura  of  the  interests  of  the  debts  payable  after  the 
equated  time,  from  that  time  to  their  terms  respectively,  which, 
however,  is  not  correct,  as  it  is  only  the  discount,  and  not  the 
interest  in  the  latter  sums.  In  most  eases,  however,  that 
occur  in  business,  the  error  is  so  trifling,  that  the  popular  rule 
will  probably  always  be  made  use  of,  as  being  by  far  the  most 
eligible  and  expeditious  method  that  we  could  suggest. 

Equation,  in  Astronomy,  is  a term  used  to  express  the  cor- 
rection or  quantity  to  he  added  to,  or  subtracted  from,  the 
mean  posiliun  of  a heavenly  body,  to  obtain  the  true  position  ; 
it  also,  in  a more  general  sense,  implies  the  correction  arising 
from  any  erroneous  supposition  whatever.  Thus,  for  instance, 
the  time  of  noon,  as  determined  by  taking  equal  altitudes  of  the 
sun,  is  first  obtained  by  supposing  the  sums  declination  con- 
stant during  the  whole  interval,  which  false  supposition  is 
corrected  by  an  appropriate  equation. 

Equation  of  Time,  in  Astronomy,  denotes  the  difference  be- 
tween mean  and  apparent  time,  or  the  reduction  of  the  appa- 
rent unequal  time,  or  motion  of  the  sun  or  a planet,  to  equable 
and  mean  time,  or  motion. 

^If  the  earth  had  only  a diurnal  motion,  without  an  annual, 
any  given  meridiau  would  revolve  from  the  sun  to  the  sun 
again ; in  the  same  space  of  time  as  from  any  star  to  the  same 
star  again,  because  the  sun  would  never  change  hij  place  with 
respect  to  the  stars.  But  as  the  earth  advances  almost  a degree 
eastward  in  its  orbit  in  the  time  that  it  turns  eastward  round 
its  axis,  whatever  star  passes  over  the  meridian  on  any  day 
with  the  sun,  will  pass  over  the  same  meridian  on  the  next  day 
when  the  sun  is  almost  a degree  short  of  it,  that  is,  3 minutes 
66  seconds  sooner.  If  the  year  contained  only  360  days,  as  the 
ecliptic  does  360  degrees,  the  sun's  apparent  place,  so  far  as  his 
motion  is  equable,  would  change  n degree  every  day,  and  then 
the  sidereal  days  would  be  4 minutes  shorter  than  the  solar. 
The  mean  and  apparent  solar  days  arc  never  equal,  except 
when  the  sun’s  daily  motion  in  right  ascension  Is  60*' ; which  is 
nearly  the  case  abont  the  16th  of  April,  the  16th  of  June,  the 
1st  of  September,  and  24th  of  December,  when  the  equator  is 
O',  or  nearly  so ; and  it  is  at  its  greatest  about  the  1st  of 
November,  when  it  is  ltf  14’. 


BQUATOR,  in  Astronomy  and  Geography,  is  a great  circle 
of  tbo  sphere,  equally  distant  from  the  two  poles  of  the  world. 
It  is  cailed  the  equator,  bccauso  when  the  sun  is  in  this  circle 
the  days  and  nights  are  equal  in  all  parts  of  the  world.  Whence 
also  it  is  called  Equinoctial;  and  when  drawn  on  maps  and 
planispheres,  it  is  called  the  Equinoctial  Line,  or  simply  the 
Line,  And  since  every  point  of  the  equator  is  equally  distant 
from  the  poles  of  the  world,  it  follows  that  the  equator  divides 
the  sphere  into  two  equal  hemispheres ; that  towards  the  north 
pole  being  called  the  northern,  and  the  other  the  southern  hemi- 
sphere. As  equal  or  mean  time  is  estimated  by  the  passage  of 
arcs  of  the  equator  over  the  meridian,  it  frequently  becomes 
necessary  to  convert  parts  of  the  equator  into  time,  and  the 
converse,  which  is  performed  by  the  following  analogy,  rir. 
As  16°  : 1 hour  : : any  arc  of  the  equator  : the  time  it  has 
been  in  passing.  Or,  conversely,  1 hour  : 16°  : : any  given 
time  : the  arc  of  the  equator. — Prom  this  circle  are  reckoned 
the  latitude  of  places,  both  north  and  south,  in  degrees  of  the 
meridian. 

EQUATORIAL,  Universal,  or  Portable  Observatory , is 
an  instrument  intended  to  answer  a number  of  useful  purposes 
in  practical  astronomy,  independent  of  any  particular  obser- 
vatory. It  may  be  employed  in  any  steady  room  or  place,  and 
it  performs  most  of  the  useful  problems  in  the  science,  as 
represented  in  the  figure. 

The  principal  pArts  of  this 
instrument  are.  l.The  aximotb 
or  horizontal  circle,  E F,  w hich 
represents  the  horizon  of  the 
place,  and  moves  on  along  axis 
Q.  called  the  vertical  axis.  2. 
The  equatorial,  or  hour-circle, 
representing  M N the  equator, 
placed  at  right  angles  to  the 
polar  axis,  AB,  or  the  axisof  the 
earth  upon  which  it  moves.  3. 
The  semicircle, 1>, of  declination 
on  which  the  telescope.  P O,  is 
placed,  and  moving  on  the  axis 
of  dccliaatjon,  or  the  axis  of 
motion  of  the  line  of  coltrmation. 
The  pins  or  screws  I,  G,  H, 
arc  used  to  adjust  the  instru- 
ment, and  place  it  perfectly 
level  by  the  spirit  levels  L.  L, 
which  transverse  at  right 
angles. 

i The  peculiar  uses  of  this 
equatorial  arc,  1.  To  find  the 
meridian  by  one  observation 
only.  For  this  purpose,  elevate  the  equatorial  circle  to 
the  co-latitude  of  the  place,  and  set  tho  declination-semicircle 
to  the  sun’s  declination  for  the  day  and  hour  of  the  day  re- 
quired ; then  move  the  azimuth  and  hour-circles  both  at  the 
same  time,  either  in  the  same  or  contrary  direction,  till  you 
bring  tbo  centre  of  the  cross  hairs  in  the  telescope  exactly  to 
cover  the  centre  of  the  sun;  when  that  is  done,  the  index  of 
the  hoar-circle  will  rive  the  apparent  or  solar  time  at  the  instant 
of  observation  ; and  thus  the  time  is  gained,  though  the  sun  be 
at  a distance  from  tbe  meridian  ; then  turn  the  hour-circle  till 
the  index  points  precisely  at  twelve  o’clock,  and  lower  tho 
telescope  to  the  horizon,  in  order  to  observe  some  point  there 
in  the  centre  of  the  glass,  and  that  point  is  tbo  meridian  mark 
found  by  one  observation  only  ; the  best  time  for  this  operation 
is  three  hours  before  or  three  hours  after  twelve  at  noon. 

2.  Point  the  telescope  on  a star,  though  not  on  the  meridian, 
in  full  day-light  Having  elevated  the  equatorial  circle  to  the 
co-latitude  of  the  place,  and  set  the  declination-semicircle  to 
the  star’s  declination,  move  the  index  of  the  bour-circic  till  it 
shall  point  to  the  precise  time  at  which  the  star  is  then  distant 
from  the  meridian,  found  in  tables  of  the  right  ascension  of  the 
stars,  and  the  star  will  then  appear  in  the  glass.  Besides  these 
uses  peculiar  to  this  instrument,  it  is  also  applicable  to  all  tbo 
purposes  to  which  the  principal  astronomical  instruments,  vis. 
a transit,  a quadrant,  and  an  equal  altitude  instrument,  are 
applied. 
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EQUERRY,  in  the  British  customs,  an  officer  of  state, 
under  the  master  of  the  horse.  There  are  five  equerries,  who 
ride  abroad  with  his  majesty;  for  which  purpose  they  give 
their  attendance  monthly,  one  at  a time,  and  are  aliened  a 
tabic. 

EQUBS  Auratus,  is  used  for  a knight  bachelor,  called 
auratus,  q.  d.  5 nit.  because  anciently  none  but  knights  were 
allowed  to  beautify  their  armour,  or  other  habiliments  of  war, 
with  gold. 

EQUESTRIAN,  a term  chiefly  used  in  the  phrase  equestrian 
statue,  which  signifies  a person  mounted  on  horseback. 

EQUIANGULAR,  in  Geometry,  is  applied  to  figures  whose 
angles  arc  all  equal ; such  are  the  square,  and  all  regular 
figures.  All  equilateral  triangles  are  also  equiangular.  An 
equilateral  figure,  inscribed  in  a circle,  is  always  equiangular  ; 
but  an  equiangular  figure,  inscribed  in  a circle,  is  not  always 
equilateral,  except  when  it  has  an  odd  number  of  sides.  If 
the  number  of  the  sides  be  even,  then  they  may  be  either  all 
equal,  or  else  half  of  them  will  always  be  equal  to  each  other, 
and  the  other  half  to  each  other;  the  equals  being  placed 
alternately. 

Equiangular,  is  also  applied  to  any  two  figures  of  the  same 
kind,  w hen  each  anglo  of  the  one  is  equal  to  a corresponding 
angle  in  tbe  other,  whether  each  figure,  separately  considered, 
be  an  equiangular  figure  or  not ; that  is,  having  all  its  angles 
equal  to  each  other.  Thus,  two  triangles  are  equiangular  to 
each  other,  if  one  angle  in  each  be  of  30°,  a second  angle  in  each 
of  50°,  and  the  third  angle  of  each  equal  to  100w.  Equiangular 
triangles,  according  to  tbe  above  acceptation  of  the  term,  have 
not  their  like  sides  necessarily  equal,  but  proportional  to  each 
other  ; and  such  triangles  are  always  similar  to  each  other. 

EQUICRURAL  Trlangle,  is  what  we  more  usually  call  an 
isosceles  triangle.  The  term  is  derived  from  atquus,  equal,  and 
crura,  legs,  equal  legs. 

EQUICULUS,  Equuleus,  or  Equus  Minor,  in  Astronomy, 
a constellation  in  the  northern  hemisphere. 

EQUIDIFFERKNT,  in  Arithmetic,  is  when,  in  a scries  of 
quantities,  there  is  the  same  difference  between  the  first  nod 
second,  as  between  the  second  and  third,  third  and  fourth,  Ac. 
and  they  are  then  said  to  be  continually  equidifferent ; bat  if, 
in  a series  of  quantities  there  be  only  the  same  difference 
between  tbe  first  and  second,  as  between  the  third  and  fourth, 
fifth  and  sixth,  Ac. ; then  they  are  said  to  be  discreetly  equi- 
different.  Thus  3,  6,  7,  and  It),  are  discreetly  equidilicrcnt ; 
aud  3,  6,  and  9 coutinaally  equidifferent. 

EQUIDISTANT,  in  Geometry,  a term  of  relation  between 
two  things  which  are  every  where  at  the  same,  or  at  equal 
distances,  from  each  other. 

Equidistant  Ordinates,  Method  of,  is  an  approximation 
towards  the  area  of  a figure  bounded  by  u right  line  and  curve. 
Having  measured  any  odd  number  of  equidistant  ordiuates, 
pul  the  sum  of  the  first  and  last  = A,  the  sum  of  the  second, 
fourth,  sixth,  Ac.  = B,  the  sum  of  all  the  others  ” C,  and  the 

A 4-  4 U ^ 2 C 

common  distance  of  the  ordinates  ~ D ; then 3 


x D = area  nearly.  And  tbe  same  formula  is  applicable  to 
the  mensuration  of  solids,  by  taking  the  sections  instead  of  the 
ordinates. 

EQUILATERAL,  (from  etquus  and  latus,  side.)  is  applied  to 
those  figures  whose  sides  are  all  equal.  Thus,  au  equilateral 
triangle  is  that  whose  sides  are  all  equal.  To  find  the  area  of 
an  equilateral  triangle,  multiply  the  square  of  the  side  by  i >/  3. 

EQUILIBRIUM  Equipoised,  in  Mechanics,  means  an 
equality  of  forces  acting  in  opposite  directions,  whereby  the 
body  acted  upon  remains  at  rest,  or  in  equilibria,  in  which 
state  the  least  additional  force  being  applied,  on  either  side, 
motion  will  ensue.  A body  in  motion  is  also  said  to  be  in  equi- 
librio,  when  the  power  producing  the  motion,  and  the  force 
whereby  it  U resisted,  are  so  adjnsted  that  the  motion  may  be 
uniform. 

EQUIMULTIPLES,  the  products  arising  from  the  mullipli. 
cation  of  any  two  or  more  primitive  quantities,  by  the  same 
number  or  quantity. 

Thus,  3a,  3 6} 

na,  n b S are  equimultiples  of  a and  I. 

ma,mbj 


Equimultiples  of  any  quantities  have  the  same  ratio  as  the 
quantities  themselves;  thus,  a ; 4 : ; na  : it  b ; and  a : b : • 
ma  : mb. 

EQUINOCTIAL,  in  Astronomy,  a great  circle  of  the  sphere, 
under  which  the  equator  moves  in  its  diurnal  motion.  The 
equinoctial  is  conceived,  by  supposing  a semidiameter  of  the 
sphere  produced  from  a point  of  the  equator,  and  there,  by  the 
rotation  of  the  sphere  about  its  axis,  describing  a circle  on  the 
immoveable  surface  of  the  heavens.  The  poles  of  this  circle  are 
the  poles  of  the  world.  The  sphere  is  divided  by  it  into  two 
equal  parts,  the  northern  and  southern.  It  intersects  the 
horizon  of  any  place  in  the  cast  and  west  points ; and  at  the 
meridian,  its  elevation  above  the  horizon  is  equal  to  tbe  co- 
lAtiludc  of  the  place.  Whenever  the  sun,  in  his  progress 
through  the  ecliptic,  conies  to  this  circle,  it  makes  equal  days 
and  nights  in  all  parts  of  the  globe ; as  he  then  rises  due  east, 
and  acts  dne  west,  which  he  never  does  at  any  other  time  of 
the  year.  And  hence  the  denomination  from  <rquut  and  itox, 
because  day  and  night  are  equal.  All  the  stars  under  this 
circle,  or  that  have  no  declination,  rise  dne  east,  and  set  due 
west.  The  equinoctial,  then,  is  the  circle  which  the  sun 
describes,  or  appears  to  describe,  at  the  time  of  the  equinoxes, 
that  is.  when  the  length  of  the  day  is  every  where  equal  to  that 
of  night,  which  happens  twice  a year.  From  this  circle  is  the 
declination  in  the  heavens,  or  latitude  of  places  on  the  earth, 
counted  in  degrees  of  live  meridian.  Upon  this  circle  is  reck- 
oned the  longitude  180°  west,  and  180P  east ; and  in  nil  300°. 
Hence  1°  of  longitude  answers  to  4*  of  time,  15'  to  1'  of  time, 
and  1*  to  4"  of  time,  Ac.*  The  shadows  of  those  who  live  under 
this  circle  are  cast  to  the  southward  for  one  half  of  the  year, 
and  to  tho  northward  during  the  other  half;  and  twice  in  a 
year,  vtr,  at  the  equinoxes,  the  sun  at  noon  casts  no  shadow, 
being  in  their  zenith. 

Equinoctial  Colure,  is  that  passing  through  the  equinoctial 
points.  Sea  Colure. 

Equinoctial  Dial,  is  one  whose  plane  is  parallel  to  the 
equinoctial.  The  properties  or  principles  of  this  dial  are : 
I.  The  hour  lines  arc  all  equally  distant  from  one  another, 
quite  round  the  circumference  of  a circle  ; and  the  style  is  a 
straight  pin,  or  wire,  set  up  in  the  centre  of  the  circle,  perpen- 
dicular to  the  plane  of  the  dial.  2.  The  sun  shines  upon  the 
upper  part  of  this  dial- plane  from  the  21st  of  March  to  the  23d 
of  September,  and  upon  the  under  part  of  (he  plane  the  other 
half  of  the  year. 

Equinoctial  Points,  are  the  two  points  wherein  the  equator 
and  ecliptic  intersect  each  other ; the  one,  being  in  the  first 
point  of  Aries,  is  called  the  vernal  point;  and  tbe  other,  in  tho 
first  point  of  Libra,  the  autumnal  point. 

Equinoctial  Gales,  storms  which  are  observed  generally  to 
take  place  about  the  time  of  the  sun's  crossing  the  equator  or 
equinoctial  line,  at  which  time  there  is  equal  day  and  night 
throughout  the  world. 

EQUINOX,  in  Astronomy,  the  lime  when  the  son  enters  one 
of  the  equinoctial  points.  The  equinoxes  happen  when  tho 
son  is  in  the  equinoctial  circlo  ; when  of  consequence  the  days 
arc  equal  to  the  nights  throughout  the  world,  wnich  is  the  case 
twice  a year,  viz.  about  the  21»t  of  March  and  the  23d  of  Sep- 
tember ; the  first  of  which  is  the  vernal,  and  the  second  tho 
autumnal  equinox.  It  is  found  by  observation,  that  the  equi- 
noctial points,  and  all  tbo  other  points  of  the  ecliptic,  nrc  con- 
tinually moving  backward,  or  westward  ; which  retrograde 
motion  of  the  equinoctial  points,  is  what  is  called  thefuwwioa 
of  the  equinoxes.  See  Precession. 

It  appears  from  the  result  of  calculations,  that  the  path  of 
either  of  the  poles  is  a circle,  the  poles  of  which  coincide  with 
those  of  the  ecliptic,  and  that  the  pole  will  move  along  that 
circle  so  slowly  as  to  accomplish  the  whole  revolution  in  about 
25,791  years  nearly.  The  diameter  of  this  circle  is  equal  to 
tw  ice  the  inclination  of  the  ecliptic  to  the  equator,  or  about  47 
degrees.  Now,  as  the  ecliptic  is  a fixed  circle  in  tbe  heavens, 
but  the  equator,  which  must  be  equidistant  from  the  poles, 
moves  with  the  poles,  therefore  the  equator  must  be  constantly 
changing  its  intersection  with  the  ecliptic.  And  from  the  best 
observations  it  appears,  that  tbe  equator  cuts  the  ecliptic 
every  year  50  seconds  *26,  more  to  the  westward,  than  it  did 
the  year  before;  hence  the  sun's  arrival  at  the  equinoctial 


F.  R I 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


E S O 


276 

point  precedes  its  arrival  at  the  same  fixed  spot  or  the  heavens 
every  year  by  '20  minutes  23  seconds  of  lime,  or  by  an  arc  of 
(A)  seconds  •26.  Thus,  by  little  and  by  little,  these  equinoctial 
points  will  cut  the  ecliptic  more  and  more  to  the  westward,  till 
after  26.701  years,  they  return  to  the  same  point  precisely. 

EQUITY,  quasi  aqualitas.  is  generally  understood  in  Law, 
a liberal  correction,  or  qualification  of  the  law,  where  it  is  too 
strict,  too  confined,  or  severr,  and  is  sometimes  applied  where, 
by  the  words  of  a statute,  a raw!  does  not  fall  within  it,  jet 
being  within  the  mischief,  the  judges,  by  unequitable  construc- 
tion, have  extended  its  application  to  that  case.  Equity  is 
understood  as  a correction  of  the  law  ; and  hence,  the  court  of 
chancery,  and  the  court  of  exchequer,  act  as  courts  of  equity  ; 
they  arc  also  courts  of  law.  There  arc  some  cases  which 
belong,  peculiarly,  to  a court  of  chancery,  as  the  care  of 
infanta,  and  appointing  guardians  to  them,  so  of  lunatics  and 
charities,  in  w hich  the  chancellor  acts  for  the  king  as  keeper  of 
his  conscience.  In  other  cases,  as  in  the  cuses  of  trust,  matters 
of  fraud,  account,  suits  for  a discovery,  matters  of  accident, 
and  the  like,  courts  of  equity  act  in  aid  of  the  courts  of  law, 
and  give  relief  where,  from  the  nature  of  the  case,  a court  of 
law  cannot  relieve.  Thus,  where  an  agreement  is  to  be  per- 
formed, com  ts  of  law  can  only  give  damages  for  the  breach, 
hut  a court  of  equity,  taking  all  the  circumstances  into  consi- 
deration, directs  and  rnjuins  a specific  performance  of  it 
according  to  good  conscience.  So.  where  it  apprehends  an 
injury  likely  tube  done,  it  will  interfere  to  prevent  it. 

Equity  of  Redemption,  Upon  a mortgage,  although  the 
estate  upon  nonpayment  of  the  tnoncj-  becomes  vested  in  the 
mortgagee,  yet  equity  considers  it  only  a pledge  for  the  money, 
and  gives  the  party  a right  to  redeem,  which  is  called  his 
equity  of  redemption.  If  the  mortgagee  is  desirons  to  bar  the 
equity  of  redemption,  he  may  oblige  the  mortgager  cither  to 
pay  the  money,  or  be  foreclosed  of  his  eqoltj,  which  is  done  by 
proceedings  in  chancery  by  bill  of  foreclosure. 

KQUUS,  the  Horse , a genus  of  the  mammalia  class,  of  the 
order  of  hclluo*. 

EQUU LEU'S,  Equ  culls,  and  Eovus  Minor,  the  Horse's 
Head,  one  of  the  northern  constellations,  which  represents,  ac- 
cording to  the  poets,  the  horso  which  Mercury  gave  to  Castor, 
and  which  he  named  Ceteris.  From  the  imperfect  representation 
of  (hr  animal  in  this  constellation,  the  head  only  being  imagined, 
it  has  obtained  the  name  of  Iu/ui  Sectio,  Pegasus,  we  suspect, 
being  a symbol  that  perpetuates  the  first  emigration  of  the 
Cimri.  Can  the  l.ittle  Horse  be  a chronological  symbol  of  the 
second  irruption  of  the  north-eastern  nomadic  nations  into 
Egypt  somewhere  about  2600  years  ago  ’.—Boundaries  and 
Contents.  North  and  west  by  Delpbinus,  south  by  Aquarius, 
cast  and  north  by  Pegasus;  right  ascension  316°,  declination 
north  6°.  Number  of  stars,  10.” 

ERATOSTHENES,  a Greek  of  Cyrene,  librarian  of  Alex- 
andria, under  King  Energetes.  son  of  Ptolemy  Philadclpbus.  He 
died  1U I years  before  Christ ; and  w as  called  the  Cosmographer, 
because  he  w as  the  first  who  discovcied  the  method  of  measur- 
ing the  hulk  and  circumference  of  the  earth. 

ERICA,  Heath , a genus  of  the  monogynia  order,  in  the 
octandria  class  of  plants,  and  in  the  natural  method  ranking 
under  the  18th  order,  bienrnes.  There  are  upwards  of  100 
species,  four  of  which  are  natives  of  Briiain. 

Bill  DAN  US,  or  The  Rivcit  Po,  is  a much  fabled  constel- 
lation; but  we  may  notice  chiefly  the  story  which  attributes  its 
celestial  honours  to  the  accidental  circumstance  of  Phaeton's 
tumbling  into  it  when  Jove  hurled  the  daring  charioteer  from 
the  skies.  In  its  vicinity  the  sisters  of  that  rash  youth  were 
metamorphosed  into  poplars,  and  their  tears  into  amber,  an 
article  which,  however,  is  found  chiefly  on  the  Baltic  Prussian 
shores.  If,  however,  we  refer  the  stream  of  Orion  to  the 
Deluge,  the  constellation  of  that  name  being  taken  as  a type  of 
the  dilutian  Patriarch, — the  River  of  Aquarius,  which  Piscis 
Australis  appears  In  swallow,  may  then  indicate  the  recession 
nf  the  waters  from  the  submerged  earth,  and  their  confinement 
within  the  bed  of  the  ocean,  a fish  being  the  hieroglyphic  of  the 
great  deep;— or  the  Eridanus  may  have  allusion  to  the  same 
catastrophe! ; lor  the  termination  of  the  stream  in  the  horizon 
might,  to  the  people  of  Egypt,  indicate  its  being  swallowed  up 
by  Typhon,  the  lower  hemisphere,— or  the  ocean. 


The  boundaries  and  contents  of  this  immense  constellation, 
wind  from  Urion  to  Cctus,  and  thence  in  a serpentine  form  to 
the  Phoenix.  According  to  the  Britannic  Catalogue,  there  are 
eighty-four  stars  in  Eridanus,  vis.  one  of  the  1st  magnitude, 
one  of  the  2d,  eight  of  the  3d.  twenty-one  of  the  4tb,  &c.  The 
brilliant  called  Ackernar,  of  live  first  magnitude,  has  1 ho.  31 
mi.  4 sec.  right-ascension  in  Time,  or  in  degrees  of  the  Equa- 
tor, 22w  4<J\  and  68°  8'  36"  declination  8. ; of  course  it  is  never 
visible  in  our  northern  latitudes.  It  culminates  half  an  hour 
before  the  chief  star  in  Aries,  or  by  the  following  table  in 
astronomical  time: 


Month. 

I Culm. 

• ll 

Month.  I 

Com 

Month, 

1 Culm. 

he. 

mi.  in.  1 

l;:>. 

mi. 

»oo. 

bo. 

■L 

n*c. 

Jib. 

a 

43 

44 

Miy  ] 

M 

IS 

6 ! 

8*pt. 

14 

48 

34 

Feb. 

4 

11 

30 

June  | 

20 

£2 

34 

Obi. 

13 

0 

4 a 

Mir. 

2 

43 

2 | 

July  | 

18 

48 

38 

Nbt. 

11 

4 

45 

April 

0 

49 

36  | 

Augt,  | 

10 

44 

13  1 

Dec. 

9 

1 

11 

The  coarse  of  the  Eridanus  is  easily  traced  from  Rigtl  in  the 
foot  of  Orion,  and  under  the  Bull  to  Cetus,  and  thence  8.  E. 
and  S.  W.,  till  it  is  lost  in  the  horizon,  or  more  properly  in  its 
termination  at  the  Phoenix. 

KKINACEUS,  Hedgehog,  a genus  of  quadrupeds  of  the 
order  of  fera*. 

ERROR,  in  Law,  signifies  an  error  in  pleading,  or  in  tho 
process ; and  the  writ  which  is  brought  for  remedy  thereof,  is 
called  a writ  of  error. 

Eiiuon,  in  Astronomy,  is  the  difference  between  the  places 
of  any  of  the  heavenly  bodies,  as  determined  by  calculation 
and  observation.  Thus  the  error  in  the  lunar  tables  is  the  dif- 
ference betw  een  the  place  of  the  moon,  as  given  in  the  tables, 
and  as  determined  by  observation ; and  this  error  is  marked 
with  the  sign  A-  or  — * according  as  it  is  to  be  added  to  or  sub- 
tracted from  the  tabular  result. 

ERUCTATIONS,  in  Medicine,  the  effect  of  flatulent  foods, 
and  the  consequent  crudities. 

ERUPTION,  in  Medicine,  a sadden  and  copions  excretion 
of  humours,  and  the  same  with  exanthema,  or  breaking  out ; as 
the  pustules  of  the  plague,  small-pox,  measles,  fee. 

ERYSIPELAS,  in  Medicine,  an  erruplion  of  a fiery  or  acrid 
humour  which  chiefly  attacks  the  face. 

ESCALADE,  in  War,  a furious  attack  of  a wall  or  a ram- 
part; carried  on  with  ladders,  to  pass  the  ditch  or  mount  the 
rampart,  without  proceeding  in  form,  breaking  ground, or  carry- 
ing on  regular  works  to  secure  the  men. 

ESCAPE,  in  Law,  is  where  a person  arrested  gains  his 
liberty  before  he  is  delivered  by  law.  Escapes  are  either  in 
civil  or  criminal  cases;  aud  may  be  distinguished  into  volan- 
tary and  negligent;  voluntary,  where  it  is  with  the  consent  of 
the  keeper;  negligent,  where  it  is  for  want  of  due  care.  In 
civil  cases,  after  the  prisoner  has  been  suffered  voluntarily  to 
escape,  the  sheriff  can  never  after  retake  him,  and  must  answer 
for  the  debt,  hut  the  plaintiff  may  retake  him  at  any  time.  In  the 
case  of  a negligent  escape,  the  sheriff,  upon  fresh  pursuit,  may 
retake  the  prisoner,  and  the  sheriff  shall  be  excused  if  he  has 
him  again  before  any  action  is  brought  against  himself  for  the 
escape.  In  criminal  cases,  an  escape  of  a person  arrested  is 
an  offence  against  public  justice,  and  the  party  is  punishable 
by  fine  and  imprisonment. 

ESCHEAT,  in  Law,  denotes  an  obstruction  of  the  course  of 
descent,  and  a consequent  determination  of  the  tenure  by  soroo 
unforeseen  contingency;  in  which  case,  the  land  naturally  re- 
sult* back  to  the  original  grantor,  or  lord  of  the  fee. 

ESCUTCHEON,  in  Heraldry,  is  derived  from  the  French 
escuston,  and  that  from  the  Latin  scutum,  signifying  tho  shield 
w hereon  coats  of  arms  are  represented. 

Escutcheon,  of  Pretence,  that  on  which  a man  carries  his 
wife's  eoat  of  arms ; being  an  heiress,  and  having  issue  by  her. 
It  is  placed  over  the  coat  of  the  husband. 

Escutcheon,  the  compartment  in  the  middle  of  the  ship's 
stern,  where  her  name  is  written. 

ESOX,  Pike , a genus  of  fishes  of  the  order  abdominales. 
The  common  pike  is  a native  of  most  of  the  lakes  and  smaller 
rivers  in  Europe,  hut  the  largest  are  those  of  Lapland,  which 
arc  sometimes  eight  feet  in  length.  The  largest  in  this  coun 
try  is  said  to  have  weighed  thirty-five  pounds.  The  head  of 
the  pike  is  flat;  the  upper  jaw  broad,  and  shorter  than  the 
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lower,  (he  teeth  are  very  sharp,  and  (lie  number,  not  less  than 
seven  hundred,  without  reckoning  those  nearest  the  throat:  it 
is  also  to  be  observed,  that  those  which  arc  situated  on  the 
jaws  are  alternately  fixed  and  moveable  ; the  gape  is  very  wide, 
and  the  eyes  small.  The  usual  colour  of  this  fish  is  a pale 
olive-gray,  deepest  on  the  back,  and  marked  on  the  sides  by 
yellowish  spots  : the  abdomen  is  white,  spotted  with  black. 

ESPALIERS,  rows  of  trees  planted  about  a garden,  and 
trained  up  regularly  to  a lattice  of  wood-work  in  a close  hedge, 
for  the  defence  of  tender  plauts. 

ESPLANADE,  in  Fortification,  the  sloping  of  the  parapet  of 
the  covered  way  towards  the  champaign  ; the  same  with  glacis. 

ESPLEES,  in  Law,  the  general  products  which  lands  yield, 
or  the  profit  or  commodity  which  is  to  be  taken  or  made  of  a 
thing. 

ESQUIRE,  anciently  the  person  that  attended  a knight  in 
the  lirao  of  w ar,  and  carried  his  shield.  Those  to  whom  the 
title  of  esquire  is  now  of  right  due,  arc  all  noblemen's  younger 
sons:  and  the  eldest  sons  of  such  younger  sons;  the  eldest 
sons  of  knights,  and  their  eldest  sons  ; the  officers  of  the  king's 
courts,  and  of  bis  household  ; counsellors  at  Uw,  justices  of 
the  peace,  Ac.,  though  those  latter  are  only  esquires  in  reputa- 
tion: besides,  a justice  of  the  peace  holds  this  title  no  longer 
than  he  is  in  commission,  in  case  lie  is  not  otherwise  qualified 
to  hear  it ; hut  a Sheris'  of  a county,  who  is  a superior  officer, 
retains  the  title  of  esquire  during  life,  in  consequence  of  the 
trust  once  reposed  in  him  ; the  beads  of  some  ancient  families 
are  esquires  by  prescription. 

ESSENCE,  in  Philosophy,  the  particular  nature  of  each 
genus  or  kind,  and  that  which  distinguishes  it  from  all  others. 

ESSENTIAL  Salt  or  Lemons.  Four  ounces  of  cream  of 
tartar,  and  eight  ounces  of  sal  acclosella; ; well  mixed  together. 

ESSOIN,  iu  Law,  an  excuse  lor  a person  summoned  to 
appear  and  answer  to  an  action,  on  account  of  sickness  or 
other  just  cause  of  absence. 

Essoin  Day,  flic  first  day  of  every  term,  though  the  fourth 
day  after  is  also  allowed  by  way  of  indulgence. 

ESTATE,  in  Law,  signifies  such  inheritance,  freehold,  term 
for  years,  tenantry  by  statute-merchant,  staple,  clegit,  or  the 
like,  ns  any  man  lias  in  lands  and  tenements.  Estates  are 
real  of  lands,  tenements,  Ac  , or  personal,  of  goods  or  chattels ; 
otherwise  distinguished  into  freeholds  that  descend  to  the  heir, 
and  chattels  which  go  to  the  executors. 

ESTIVAL,  belonging  to,  or  continuing  for,  the  summer. 

ESTOPPEL,  in  Law,  an  impediment  or  bar  to  an  artion, 
which  arises  from  a person's  own  act;  or  where  he  is  forbidden 
by  law  to  speak  against  his  deed,  which  he  may  not  do,  even 
to  plead  the  truth. 

ESTOVERS,  in  Law.  a liberty  nf  taking  necessary  wood  for 
the  use  or  furniture  of  a bouse  or  farm. 

ESTRAYS  and  WAIFS.  Kstrnys  arc  any  valuable  beasts, 
not  wild,  found  within  a lordship  whose  owner  is  not  known  ; 
such  as  arc  commonly  impounded  and  not  claimed.  They  are 
then  to  be  proclaimed  in  the  rhurch  and  two  nearest  market- 
towns,  on  two  market-days,  and  not  being  claimed  by  the 
owner,  belong  to  the  king,  and  now  commonly,  by  grant  of  the 
crown,  to  the  bird  of  the  manor,  nr  the  liberty. — Waifs  are 
goods  which  are  stolen,  and  waved,  or  left  by  the  felon  on  his 
being  pursued,  for  fear  of  bring  apprehended  ; and  forfeited  to 
the  king  or  lord  of  the  manor. 

ESTREAT,  in  Law,  is  a true  copy  or  note  of  some  original 
writing  on  record. 

ETCHING,  one  species  of  engraving  on  copper,  the  lines 
being  corroded  in  with  aqua  forlis,  instead  of  being  cut  with  a 
graver,  which,  for  many  purposes,  is  superior  to  engraving; 
but  there  arc  others  in  which  the  subjects  must  be  graved,  not 
etched.  In  general,  in  engravings  on  copper  executed  in  the 
stroke  manner,  etching  and  graving  arc  combined  ; the  plate  is 


etching,  which  is  not  so  applicable  to  portraits  and  historical 
designs,  though  in  these  also  it  has  a place. 

The  various  instruments  and  materials  used  in  the  art,  are — 
Copper  plate* , prepared  by  the  coppersmiths. 

Etc  king -point/,  or  needles,  of  steel,  an  inch  long,  fixed  in 
bandies  of  wood  about  six  inches  in  length,  and  of  the  size  of 

30. 


a goose-quill.  These  should  he  well  tempered,  and  accurately 
fixed  in  the  centre  of  the  handle.  They  arc  brought  to  an  accu- 
rately conical  poiot,  by  rubbing  upon  an  oil-ttone. 

A parallel  ruler,  for  drawing  parallel  lines,  is  faced  with 
brass,  not  to  be  brnised  by  accident. 

Compasses,  for  dcscribiug  circles  and  measuring  distances. 

Aqua  foriit , or  what  is  better,  spirits  of  nitre  (nitrous  arid), 
to  corrode  the  copper ; a process  called  biting  in.  This  liquid  is 
kept  in  a bottle  with  a glass  stopper,  as  its  fumes  destroy 
corks.  A stopper  of  wax,  or  a cork  well  covered  with  wax, 
will  serve  as  a substitute. 

Bordering-wax,  for  surrounding  the  margin  of  the  copper- 
plate, when  the  aqua  fortis  is  pouring  on,  may  be  bought 
ready  prepared,  or  made  thus  : Take  one-tliird  of  bees-vrax  to 
two-tbirds  of  pitch  ; melt  them  in  an  iron  ladle,  and  pour  them, 
when  melted,  into  water  lukewarm;  then  mould  it  with  your 
hand  till  it  is  thoroughly  incorporated,  and  all  the  water 
squeezed  out  Form  it  into  rolls  of  convenient  size. 

Turpentine-varnish , for  covering  the  copper-plate,  in  any 
part  where  you  do  not  wish  the  aqua  fortis  to  bite,  is  diluted 
to  a proper  consistence  with  turpentine,  and  mixed  with  lamp- 
black, to  be  seen  better  when  laid  upon  the  plate. 

Etching-ground,  for  covering  all  over  the  plate,  previous  to 
drawing  with  the  nocdles,  is  prepared  thus  : Take  of  virgin- 

wax  and  asphaltnm.  each  twenty  ounces  ; of  black-pitch  and 
Burgundy-pilch,  each  half  an  ounce;  melt  the  wax  and  pitch 
in  a new  earthenware  glazed  pipkin,  and  add  to  them,  by  de- 
grees, the  asphalt um  finely  powdered.  Let  the  whole  boil  till 
such  time  as  a drop  of  it  upon  a plate  will  break  when  it  is 
cold,  or  bending  it  double  two  or  three  times  between  the 
fingers.  The  varnish  being  then  boiled  enough,  is  taken  from 
the  fire,  and  cooled  a little,  and  poured  into  warm  water,  that 
it  may  work  the  more  easily  with  the  hands,  into  balls  for  use. 
The  fire  must  not  he  too  violent,  lest  the  ingredients  burn ; a 
slight  simmering  will  be  sufficient;  that  while  the  aspbaltum  is 
putting  in,  and  after  it  is  mixed  with  them,  the  ingredients 
should  he  stirred  with  a spatula;  the  water  into  which  this 
composition  is  (brown,  should  be  nearly  of  the  same  degree  of 
warmth  with  the  composition,  to  prevent  a kind  of  cracking, 
which  happens  when  the  water  is  cold.  The  varnish  ought  to 
he  harder  in  summer  than  winter;  it  will  become  so  if  it  be 
suffered  to  boil  longer,  or  a greater  proportion  of  the  asphaitum 
be  nsed.  The  experiment  above  mentioned,  of  the  drop  suf- 
fered to  cool,  will  determine  the  degree  of  hardness  01  sohuess 
suitable  to  the  season  when  used. 

To  lay  the  ground  for  etching,  wc  clean  the  copper-plate  with 
line  whiting  and  a linen  rag,  to  free  it  from  grease  ; and,  as  a 
handle  for  managing  it  by  when  warm,  we  fix  a hand-vice  to 
some  part  of  it  where  no  work  is  intended  to  he  laid.  We 
then  hold  the  plutc  over  burning  paper  or  it  chafing-dish,  to 
heat  it,  so  as  to  melt  the  cic-tiiug-yround,  which  should  be 
wrapped  up  iu  a bit  of  taffeta,  to  prevent  any  dirt,  that  may 
happen  to  be  among  it.  from  mixing  with  what  is  melted  upon 
tho  plate.  It  must  be  heated  just  sufficient  to  melt,  not  to 
bum  the  ground.  When  a sufficient  quantity  of  the  etching- 
ground  has  been  rubbed  on  the  plate,  dnh  it,  or  heat  it  gently, 
while  the  plate  is  hot.  with  a small  dabber  made  of  cotton 
wrapped  in  talicty.  By  this  operation,  the  ground  is  distributed 
more  equally  over  the  plate,  than  by  any  other  means.  When 
the  plate  is  thus  uniformly  and  thinly  covered  with  the  varnish, 

Iit  is  blackened  by  smoking  it  with  a wax-taper,  thus:  Twist 
together  three  or  four  pieces  of  wax-taper  to  make  a larze 
flame,  and  while  the  plate  is  still  warm,  held  it  with  the 
varnished  side  downwards,  and  move  the  smoky  part  of  the 
lighted  taper  over  its  surface,  till  it  is  almost  black ; but  let 
not  the  wick  touch  the  varnish,  lest  it  get  smeared  or  stained. 
In  laying  the  etching-ground,  take  caro  that  no  particles  of 
dust  settle  upon  it.  as  that  would  be  found  troublesome  in 
etching  ; the  room  therefore  in  which  it  is  laid  should  be  still, 
and  free  from  dust. 

The  ground  being  laid,  and  suffered  to  coot,  the  next  opera- 
tion is  to  transfer  the  design  to  the  plate.  For  this  purpose  a 
tracing  on  oiled  paper  is  made  from  the  design  to  be  etched, 
with  pen  and  ink,  having  a very  small  quantity  of  ox's  gall 
mixed  with  it,  to  make  the  oiled  paper  take  it ; also  a piece  of 
thin  paper,  of  the  same  sice,  is  rubbed  over  with  red  chalk, 
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powdered,  by  means  of  some  cotton.  Then  laying  the  red 
chalked  paper,  with  its  chalked  side  next  the  ground,  on  the 
plate,  put  tbe  tracing  over  it,  and  fasten  them  both  together, 
and  to  tbe  plate,  by  a little  bit  of  the  bordering  wax.  When 
all  this  is  prepared,  with  a blunt  etching  needle  go  gently  all 
over  the  lines  in  the  tracing,  and  the  chalked  paper  will  be 
pressed  against  the  ground,  and  the  lines  of  the  tracing  trans- 
ferred to  it. 

The  plate  is  now  prepared  for  drawing  through  the  lines 
marked  upon  the  ground.  Tbe  etching-points  or  needles  are 
now  employed,  leaning  hard  or  lightly,  according  to  the  degree 
of  strength  required  in  the  lines.  Points  of  different  sizes  and 
forms  are  also  used,  to  make  lines  of  different  thickness,  though 
this  is  commonly  effected  by  the  biting>in  with  aqua  fortis.  A 
margin  or  border  of  wax  formed  all  round  the  plate,  holds  the 
aqua  fortis  when  it  is  poured  on.  The  bordering  wax  already 
described,  is  put  into  lukewarm  water  to  soften  it,  and  render 
it  easily  worked  by  the  hand.  When  sufficiently  pliable,  it  is 
drawn  into  rolls,  and  put  round  the  edges  of  the  plate,  in  a 
neat  wall  or  margin.  A spout  is  formed  in  one  corner,  by  wbieh 
afterwards  to  pour  off  the  aqua  fortis. 

The  nitrous  acid  (spirits  of  nitre)  is  now  diluted  with  four  or 
five  times  as  much  water,  or  more  (according  as  you  wish  the 
plate  to  be  bit  quick  or  slow,)  and  poured  upon  the  plate.  In 
a few  minutes  minute  bubbles  of  air  will  fill  all  the  lines  drawn 
on  the  copper.  These  are  removed  by  a feather ; and  the  plate 
is  every  now  and  then  swept,  as  it  is  called,  or  kept  free  from 
air  bubbles.  By  the  more  or  less  rapid  production  of  these 
bubbles,  you  judge  of  the  rapidity  with  which  the  acid  acta 
upon  the  copper.  The  biting-in  of  the  plate  is  the  most  un- 
certain part  of  the  process,  nothing  but  experience  can  enable 
any  one  to  tell  when  it  is  bit  enough,  os  the  thickness  and  depth 
of  the  line  cannot  easily  be  seen  till  the  ground  is  removed. 

When  you  judge,  from  the  time  the  acid  has  been  on,  and 
the  rapidity  of  the  biting,  that  those  lines  you  wish  to  be  the 
fniutesl  are  deep  enough,  you  pour  off  the  aqua  fortis  by  tbe 
spout,  wash  the  plate  with  water,  and  dry  it,  so  as  not  to  melt 
the  ground.  Those  lines  not  intended  to  be  bit  any  deeper  are 
now  stopped  up  with  turpentine  varnish  mixed  with  lamp- 
black. and  laid  on  with  a camel's  hair  pencil;  when  this  is 
thoroughly  dry,  the  aqua  fortis  is  poured  on  again,  to  bile  the 
other  lines  that  are  to  be  deeper. 

Tbis  process  of  stopping  out  and  bitting  in  is  to  be  repeated 
as  often  as  lines  of  different  degrees  of  thickucss  are  to  be 
made.  It  is  necessary  also  to  be  careful  to  stop  oat,  with  the 
varnish,  tbose  parts  from  which  the  ground  may  have  come  off 
by  the  action  of  the  acid,  else  parts  will  be  bit  that  were  not 
intended.  This  is  called  foul-biting. 

When  the  biting-in  is  finished,  remove  the  bordcring-wax 
and  the  ground,  that  you  may  see  what  success  you  have  had. 
To  take  off  the  bordcring-wax,  the  plate  is  heated  by  a piece 
of  lighted  paper,  which  softens  the  wax  in  contact  with  the 
plate,  and  it  comes  off  clean.  Oil  of  turpentine  is  now  poured 
upon  tbe  ground,  and  tbe  plate  rubbed  with  a linen  rag,  to 
remove  all  the  ground.  Lastly,  it  is  cleaned  with  whiting. 

The  success  of  the  etching  is  now  known,  but  it  is  necessary 
to  get  an  impression  upon  paper  by  a copper-plate  printer. 
This  impression  is  called  a proof.  If  any  parts  are  not  bit  so 
deep  as  were  intended,  the  process  is  repeated,  provided  the 
lines  are  not  too  faintly  bit.  This  re-biting  is  done  as  follows : 
melt  some  of  the  etching-ground  on  a spare  piece  of  copper, 
dab  it  a little,  to  get  some  on  the  dabber;  clean  out  with  whil- 
ing the  lines  that  arc  to  be  re-bit,  beat  the  plate  gently,  dab  it 
lightly  w ith  the  dabber,  and  the  parts  between  the  lines  will  be 
covered  with  the  ground,  but  the  lines  themselves  will  not  be 
filled  up,  and  consequently  will  be  exposed  to  the  action  of 
the  aqua  fortis.  Tbis  delicate  process  mnst  be  performed  with 
great  care.  The  rest  of  the  plate  is  now  varnished  over,  the 
bordering-wax  put  on  again,  and  the  biting  repeated  as  at  first. 
Should  any  part  be  bit  too  deep,  it  is  recovered  or  made 
fainter,  by  burnishing  tbe  part  down,  or  rubbing  it  with  a 
piece  of  charcoal,  which  wilt  make  the  lines  shallower,  and 
cause  them  not  to  print  so  black.  Should  any  small  parts  of 
the  lines  h*v«?  missed  in  the  biting,  they  are  eut  with  the  graver, 
which  is  also  sometimes  employed  to  cross  tbe  lines  of  the 
etching  and  give  it  a more  finished  effect. 


Dry-pointing,  another  method  for  softening  the  harsh  effects 
usually  apparent  in  an  etching.  Is  done  by  cutting  with  the 
etching-point  upon  the  copper  without  Bny  ground  or  varnish. 
This  process  docs  not  make  a deep  line,  and  is  used  for  cover- 
ing the  light,  where  delicate  tints  and  soft  shadows  are  wanted. 
By  varying  these  processes  of  etching,  graving,  and  dry-point- 
ing, as  may  be  necessary,  the  plate  is  worked  op  to  the  full 
effect  intended,  and  then  sent  to  the  writing  engraver,  to  grave 
whatever  letters  or  inscriptions  way  be  required. 

ETHKK,  an  element,  supposed  by  some  philosophers  to 
occupy  the  upper  regions  of  space,  more  fine  aud  subtle 
than  air. 

ETHICS,  or  Morality,  the  science  of  morals  or  duty,  which 
it  traces  from  man’s  nature  aud  condition,  and  proves  to  ter- 
minate in  his  happiuess ; or,  in  other  words,  it  is  the  know- 
ledge of  our  duty  and  felicity,  or  tbe  art  of  being  virtuous  aud 
happy. 

EUCLID,  a celebrated  mathematician  of  Alexandria,  who 
flourished  before  Christ  300  years.  He  immortalized  his  name 
by  bis  books  on  geometry,  in  which  he  digested  all  tbe  propo- 
sitions of  eminent  geometricians  who  had  preceded  him,  ns 
Thales,  Pythagoras,  and  others.  King  Ptolemy  became  one  of 
his  pupils,  and  his  school  became  so  famous,  that  Alexandria 
continued  for  many  ages  tbe  great  university  for  mathematical 
studies. 

EULER,  Leonard,  one  of  the  most  celebrated  analysts  of 
the  last  century,  was  born  at  Basil  in  the  year  1707,  and  very 
early  discovered  great  talents  as  well  in  the  study  of  the  Greek 
and  Latin  languages  as  in  the  various  branches  of  the  mathe- 
matical and  philosophical  sciences.  The  natural  genius  of 
Euler  was  also  much  assisted  by  an  astonishing  retentive 
memory,  which  enabled  him,  it  is  said,  to  repeat  the  whole  of 
the  ,Encid  of  Virgil  from  beginning  to  end  ; and  to  point  out 
to  his  hearers  the  first  and  last  line  of  every  page  in  the  edition 
that  he  had  accustomed  himself  to  read.  It  is  also  farther 
stated,  that  he  could  remember  the  first  six  powers  of  nil  num- 
bers under  100.  Besides  being  foreign  memberof  the  Academy 
of  Sciences  of  Paris,  Euler  was  member  of  the  Imperial  Aca- 
demy of  Petersburg!),  ancient  director  of  the  Academy  of 
Berlin,  and  fellow  of  the  Royal  Society  of  London.  He  died  At 
Petersburg!),  where  he  had  spent  a great  part  of  his  life,  on 
the  7th  of  September,  1783,  in  the  76th  year  of  his  age. 

EUDIOMETRY,  the  science  of  determining  the  pnrity  of 
atmospheric  air,  by  measuring  the  proportion  of  oxygen  (on 
which  its  respirable  property  depends)  in  a given  quantity  of 
it;  whence  the  tests  or  instruments  employed  in  this  science 
are  denominated  eudiometers. 

EUDOXUS,  of  Cnidus,  a city  of  Caria  in  Asia  Minor,  a 
celebrated  astronomer  aud  geometer,  who  flourished  about 
370  years  before  Christ.  He  composed  u Elements  of  Geome- 
try,” to  which  work,  according  to  the  account  of  Proclus, 
Euclid  was  much  indebted  for  many  of  his  propositions  ; indeed, 
some  writers  have  attributed  to  him  the  whole  of  Euclid’s 
“ Elements.”  Eudoxus  is  said  to  have  died  in  the  year  before 
Christ  362,  in  the  53d  year  of  his  age. 

EUDIOMETER.  An  instrument  for  ascertaining  the  purity 
of  air,  or  rather  the  quantity  of  oxygen  contained  in  any  given 
bulk  of  elastic  fluid.  Dr.  Priestley’s  discovery  of  the  great 
readiness  with  which  nitrous  gas  combines  with  oxygen,  and 
is  precipitated  in  the  form  of  nitric  acid,  was  the  basis  upon 
which  he  constructed  the  first  instrument  of  this  kind.  His 
method  was  extremely  simple : a glass  vessel,  containing  an 
ounce  by  measure,  was  filled  with  tbe  air  to  be  examined, 
which  was  transferred  from  it  to  ajar  of  an  inch  and  a half 
diameter,  inverted  in  water ; an  equal  measure  of  fresh  nitrous 
gas  was  added  to  it;  and  the  mixture  was  allowed  to  stand 
two  minutes.  If  the  absorption  were  very  considerable,  more 
nitrous  gas  was  added,  till  all  tho  oxygen  appeared  to  be 
absorbed.  The  residual  gas  was  then  transferred  into  a glass 
tube,  two  feet  long,  and  one-third  of  an  inch  wide,  graduated 
to  tenths  and  hundredths  of  An  ounce  measure ; and  thus  the 
quantity  of  oxygen  absorbed  was  measured  by  the. diminution 
that  had  taken  place.  The  burning  of  hydrogen  gas,  and  of 
phosphorus,  has  also  been  employed.  The  same  object  has 
also  been  effected  by  observing  tne  quantity  of  oxygen  absorbed 
by  a solution  of  sulphuret  of  potash. 
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Ell  ROPE  extends  from  Ihe  tenth  decree  west,  to  the  sixtieth 
OegWC  east  longitude,  and  from  the  thirty-sixth  to  the  seventy- 
second  degree  of  north  latitude.  The  Frozen  Ocean  bounds  it 
on  the  north,  Asia  on  the  east,  the  Mediterranean  sea  on  the 
south,  and  the  Atlantic  Ocean  on  the  west.  Its  length,  from 
east  to  west,  is  about  3300  miles;  its  breadth,  from  north  to 
souht,  about  2350. 

The  European  states  are  fourteen  in  number;  and  of  these, 
four  are  in  the  north,  six  in  the  middle,  and  four  in  the  south. 

The  Northern  States  are  : 

Conn  trie  t.  Chief  Totms. 

1.  The  British  Isles Lond.m,  Dublin,  Edinburgh. 

2.  Danish  dominions,, .Copenhagen, on  the  Sound. 

3.  Sweden Stockholm,  on  Lake  Maelar. 

4.  Russia Petersburg!)  on  the  river  Neva. 

The  Six  Middle  Countries  are, 

1.  Fiance Paris,  on  the  river  Seine. 

2.  Batavia  or  Holland,  with)  . , ,,  , _ » 

the  Netherlands. i Amsterdam,  on  the  river  Am,tel. 

3.  Switzerland Basil,  on  the  river  Rhine. 

4.  Germany ) Vienna  and  Presburg,  on  the 

6.  Austrian  dominions S river  Dunube. 

0.  Prussia  Berlin,  on  the  river  Sprey. 

The  Four  in  ihe  South  are, 

Madrid,  on  river  Manznnares. 

Lisbon,  on  the  river  Tagus. 

Rome,  on  the  river  Tiber. 

S Constantinople,  on  the  Strait  of 
C Constantinople. 


A Synopsis  of  the  European  States. 
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The  oceans  and  seas  contiguous  to  Europe  are  *. — 1.  The 
Atlantic  ocean  on  the  west.  2.  The  Frozen  ocean  on  the 
“north.  3.  The  Mediterranean  sea  on  the  south.  4.  The  White 
aca  on  the  north  of  Russia.  6.  The  Baltic,  between  Denmark, 
Sweden,  Russia,  Prussia,  and  Germany,  fl.  The  North  sen,  or 
German  ocean.  7.  The  Irish  sea,  or  St.  George's  channel.  8. 
The  Bnglish  channel.  0.  The  Adriatic,  or  Gulf  of  Venice.  10. 
The  Archipelago,  or  sea  of  the  Grecian  Islands.  11.  The  sea 
of  Marmora.  12.  The  Black  sea,  and  the  sea  of  Azof. 

The  chief  European  bays,  gulfs,  and  straits,  are; — 1,  The 
gulf  of  Bothnia,  in  Sweden.  2.  The  gulf  of  Finland,  between 
Sweden  and  Russia.  3.  The  bay  of  Biscay,  between  France 
and  Spain.  4.  The  gulf  of  Venice,  between  Italy  and  Turkey. 

6.  The  gulfs  of  Riga  and  Dantzir,  in  the  Baltic.  0.  The  gulfs 
of  Lyons,  Genoa,  Taranto,  nud  Salonica,  in  the  Mediterranean. 

7.  The  straits  are,  the  Sound,  between  Denmark  and  Sweden  ; 
the  strait  of  Dover,  between  England  and  France;  of  Gibral- 


tar, between  Spain  and  Africa;  of  Messina,  between  Italy  and 
Sicilv  ; of  Gallipoli,  into  the  sea  of  Marmora  ; of  Constantino- 
ple, into  the  Black  sea  ; and  of  Kalfu,  into  the  sea  of  Azof. 

The  principal  European  lakes  and  mountains  ure : — Lakes 
Onega,  Ladoga,  and  Pcypus,  in  Russia;  Wener  and  Weter, 
in  Sweden  ; Ncufchatcl  and  Geneva,  iu  Switzerland,  aud  on 
the  borders  of  France  ; and  Luoernc,  Zurich,  aud  Constance, 
in  Switzerland. 

And  the  mountains  are: — the  Alps  in  Switzerland,  extending 
in  the  form  of  a crescent,  for  almve  600  miles.  The  highest 
part  of  the  Alps  is  Mont  Blanc,  16,002  feet  above  the  level  of 
the  sea.  The  Pyrenees,  between  France  aud  Spain,  whoso 
greatest  elevation  is  11,000  feet.  The  Apennines  in  Italy  ; the 
Carpathian  mountains,  exceeding  600  miles  north  and  rust.  in 
Hungary ; the  Laogfiall,  or  Long  Mountains,  and  Dofrelial 
mountains,  which  separate  Norway  and  Sweden. 

The  volcanoes  in  Europe  are: — Mount  Etna  in  Sicily,  whose 
base  is  180  miles  in  circumference,  and  its  height  11,000  feet 
above  the  level  of  the  sea.  Mount  Vesuvius,  in  the  cast  of 
Naples,  about  3000  feet  high  ; and  Mount  Ilecla,  in  Icelaod, 
about  6000  feet  above  the  level  of  the  sea. 

The  European  islands  in  the  Baltic  are: — Rugcn,  Oeland, 
Gothland,  and  Aland,  belonging  to  Sweden;  Zealand.  Funen, 
Alsen,  Langland,  Laland,  Falster,  Fcmereu,  and  Bornholm, 
belonging  to  Denmark  ; and  Dago  and  Oescl,  belonging  to 
Russia. 

In  the  Frozen  Ocean,  are  Nova  Zembla,  belonging  to  Russia, 
and  Iceland,  the  property  of  Denmark. 

In  the  Atlantic  Ocean,  are  Great  Britain  and  Ireland;  the 
Oikney  and  Shetland  islands  to  the  north  of  Scotland,  and  the 
Hebrides  to  the  west.  To  the  north  of  the  Shetland  islands 
arc  the  Ferro  islands,  which  belong  to  Denmark. 

In  the  Atlantic  Ocean  are  also  the  Azore  islands,  the  chief 
of  which  are,  St.  Michael,  Tcrccra,  Pico,  Fayal,  Florez,  and 
Corvo.  These  islands  belong  to  Portugal. 

In  the  Irish  Sea,  arc  the  isles  of  Mau  nud  Anglesea. 

In  the  British  Channel,  arc  the  Isles  of  Wight,  Gerscy, 
Guernsey,  Sark,  and  Alderney. 

In  the  Mediterranean,  are  the  islands  of  Minorca,  Majorca, 
and  Ivica,  off  the  coast  of  Spain,  to  which  they  belong.  Cor- 
sica, under  the  government  of  France.  Sardinia,  a separate 
kingdom.  Sicily  belongs  to  Naples,  and  Malta  to  Great  Bri- 
tain. The  islands  of  the  Archipelago  belong  to  Turkey. 

The  Isthmuses  are  those  of  Corinth,  between  the  Morea  and 
Turkey,  and  of  Precops,  in  the  Crimea. 

The  principal  capes  are : — 1.  The  North  cape,  in  Lapland. 
2.  The  Naze,  in  Norway.  3.  Land's  End.  in  England.  4. 
Cape  Clear,  in  Ireland.  6.  Cape  la  Hogue,  iu  France.  0. 
Cape  Ortrgal  and  cape  Finistcrrc,  in  Spain.  7.  Cape  St.  Vin- 
cent, in  Portugal.  8.  Cape  Spartivcnlo,  in  Italy  ; and  U.  Cape 
Matapan.  in  Turkey. 

The  chief  European  rivers  arc  1.  The  Dwina,  which  falls 
into  the  White  sen  at  Archangel.  2.  The  Dunn,  which  dis- 
charges itself  into  the  Baltic  at  Riga.  3.  The  Nicmen.  or 
Mcutcl  River,  separating  Russia  and  Prussia,  and  which  falls 
into  the  Baltic  near  Memel.  4.  The  Vistula  joins  the  sea  near 
Dantzie.  6.  The  Oder  falls  into  the  Baltic  below  Stettin.  0. 
The  Elbe  enters  the  sea  near  Cuxhavcn.  7.  The  Weser  runs 
into  the  sea  at  Bremen.  8.  The  Rhine  falls  into  the  German 
ocean  at  Leyden.  8.  The  Scheldt  falls  into  the  German  occnn 
at  Flushing.  10.  The  Macse  joins  the  German  ocean  below 
Rotterdam.  11.  The  Seine  falls  Into  the  English  channel  at 
Havrc-de-Gracc.  12.  The  Loire  enters  the  ocean  at  Pniuburuf. 
13.  The  Garonne,  or  Gironde,  falls  into  the  sea  below  Bour- 
draux.  14.  The  Minao  forms  the  northern  boundary  of  Por- 
tugal. 16-  The  Douro  falls  infb  the  sea  at  Oporto.  1G.  The 
Tagus  below  Lisbon.  17.  The  Guadiana  separates  Spain  from 
Portugal,  and  falls  into  the  Atlantic.  18.  The  Guadatquiver 
empties  itself  into  the  Atlantic  at  St.  Lucar.  19.  The  Ebro 
falls  into  the  Mediterranean.  20.  The  Rhone  disembogues 
itself  into  the  Mediterranean,  21.  The  Amo  falls  into  tho 
gulf  of  Genoa.  22.  The  Tiber  runs  into  the  Mediterranean. 
23.  The  Po  aud  the  Adige  fall  into  the  gulf  of  Venice.  24.  The 
Danube,  the  Nicstcr,  and  the  Dnieper  fall  into  the  Black  sea. 
25.  The  Don  into  the  sea  of  Azof;  and,  2G.  The  Wolga  into  the 
Caspian  sea. 


1.  Spain  . 

2.  Portugal 

3.  Italy 

4.  Turkey  , , 
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The  British  Islands. — Great  Britain  is  situated  between  50 
and  5S|  degrees  of  north  latitude,  and  between  the  2d  degree 
east  and  the  0th  degree  west  longitude.  Its  length  from  north 
to  south  is  about  580  miles,  and  its  greatest  breadth  about 
070.  It  is  divided  into  England,  Wales,  and  Scotland.  Iteland 
is  nn  integral  part  of  the  British  empire. 

The  foreign  possessions  of  Great  Britain  in  Europe  are  : — 
Gibraltar,  Malta,  Guernsey,  Jersey,  and  Heligoland.  In 
North  America— Canada,  Labrador,  New  Brunswick,  and  their 
islands.  In  the  West  Indies,  it  possesses  all  the  principal 
islands,  except  Cuba,  Hispaniola,  Porto  Rico.  But  in  lieu  of 
these  it  has  Honduras.  In  South  America — Surinam,  Bcrbicc, 
Demerara,  Bssequibo,  and  the  Falkland  islands.  In  Africa,  it 
possesses  the  Cape  of  Good  Hope,  Sierra  Leone,  Senegal, 
Gorec,  the  isle  of  St.  Helena,  and  the  Isle  of  France.  In  Asia — 
Hindostan,  the  island  of  Ceylon,  the  Banda  isles,  8tc.  New 
Holland  and  its  dependencies. 

The  population  of  the  whole  British  empire  is  about  sixty- 
four  millions  of  souls;  of  these  above  forty-two  millions  are 
free  people. 

Thun,  allowing  to  Great  Britain 14,906,900  souls. 

To  Ireland 0,500.000 

European  dependencies 180,300 

American  dependencies 486.200 

West  Indian  dependencies 1,167,000 

African  dependencies 120,000 

Asiatic  dependencies 2.009.000 

East  India  Company's  dependencies...,  40,000,000 
Army  and  navy,  including  mercenary 

troops 671,000 


We  shall  have  a grand  total  of. . GO, 098, 800 

In  tho  year  1812.  the  British  navy  amounted  to  1000  ships  of 
war.  Ot  these  202  were  ships  of  the  line,  called  also  first-rates. 
In  1820,  the  peace  establishment  was  fixed  at  715  ships  of  war, 
and  of  these  262  were  in  commission,  or  actual  service. 

The  revenue  of  1823  w as  above  £51,000,000,  the  national 
debt  about  £800,000,000,  The  poor-rates  in  England  and 
Wales  are  about  £8,000,000  annually.  In  Scotland,  the  poor 
arc  not  provided  for  by  rni«  or  taxes;  hence  the  high  moral 
feeling  and  sense  of  independence,  with  the  consequent  indus- 
try and  frugality  of  the  Scots. 

The  cultivated  parts  of  England  and  Wales  are  reckoned  at 
thirty-nine  millions  of  acres,  the  uncultivated  seven  millions; 
but  of  these,  six  millions  arc  capable  of  improvement. 

In  Great  Britain,  ail  the  manufactures  common  to  Europe 
and  Asia  are  brought  to  the  greatest  perfection. 

The  tonnage  of  British  vessels  cleared  outwards  in  the  year 
1824,  amounted  to  the  amazing  weight  of  2,492,902  tons. 

The  British  tonnage  entered  inwards  for  the  year  1824, 
amounted  to  2,900,188  tons,— 

Leaving  in  favour  of  our  home  consumption  4GB, 780  tons, 
out  of  w hich  of  course  a considerable  deduction  must  be  made 
for  the  refuse  of  raw  materials  imported. 

The  transit  trade  is  valued  at  £10,188,190.  which  is  certainly 
a largo  sum  to  even  a great  eommcrcial  nation,  as  general  car- 
riers in  a period  of  profound  peace,  w hen  the  marine  of  Europe, 
and  America  to  boot,  strike  in  for  a large  share  in  the  compe- 
tition of  a transit  trade. 

The  inland  trade  may  be  somewhero  about  seventy  millions 
■tcrling  in  1825. 

The  value  of  the  exports  and  imports  in  1824,  rose  to 
£96,486,102  sterling. 

According  to  official  statements  made  for  the  year  1821,  the 
families  employed  in  agriculture  in  Great  Britain,  amounted  to 
978,656;  in  trade,  manufactures;  or  handicraft,  1,350.239 ; not 
comprised  in  either.  612,488;  being  h total  of  2,941.583  fami- 
lies of  which  2,346.717  were  in  England,  146,700  in  Wales, 
and  447,960  in  Scotland.  The  number  of  inhabited  bouses 
in  Great  Britain,  was  2,429,630. 

The  Editor  regrets  exceedingly,  that  after  much  fruitless 
research  in  quest  of  authenticated  returns  of  tho  annual  value 
of  each  branch  of  our  various  manufactures,  and  the  number  of 
persons,  male,  female,  and  children,  employed  in  each,  be  has 
been  unable  to  complete  a tabular  view  of  our  domestic  industry 
io  the  arts  and  manufactures. 


England  and  Wales.— England  is  all  that  portion  of  Great 
Britain  south  of  tho  Tweed  and  ibe  Esk,  the  Cheviot  Hills,  and 
the  Solway  Frith.  Ou  the  cast  it  is  washed  by  the  German 
ocean  ; ou  the  south  by  the  English  channel;  on  the  west  by  tho 
Irish  sea;  and  its  northern  boundary  is  Scotland. 

Observe,  The  extent  of  England  and  Wales  is  computed  at 
49.463  square  miles ; the  population  is  reckoned  just  now 
(1825)  somewhere  about  12,500,000  souls;  therefore,  the  num- 
ber of  inhabitants  to  a square  mile  is  nearly  254. 

There  are  forty  counties  io  England,  and  twelve  in  the  prin- 
cipality of  Wales. 

The  six  Northern  are: 


County. 

Chief  Town.  Situate  on  the  River. 

Northumberland, 

Newcastle, 

Tyne. 

Cumberland, 

Carlisle, 

Eden. 

Durham, 

Durham, 

Wear. 

Yorkshire, 

York. 

Onse. 

Westmoreland, 

Appleby 

Eden. 

Lancashire, 

Lancaster, 

Lane. 

The  four  bordering  on  Wales 

are: 

Cheshire, 

Cheater, 

Dee. 

Shropshire  or  Salop, 

Shrewsbury, 

Severn. 

Herefordshire, 

Hereford, 

Wye. 

Wye. 

Monmouthshire, 

Monmouth. 
Twelve  Midland: 

Nottinghamshire, 

Nottingham, 

Trent. 

Derbyshire, 

Derby, 

Derwent. 

Staffordshire, 

Stafford. 

Low. 

Leicestershire, 

Leicester, 

Soar. 

Rutlandshire, 

Okeham, 

Northamptonshire, 

Warwickshire. 

Northampton, 

Non. 

Warwick, 

Avon. 

Worcestershire, 

Worcester, 

Severn. 

Gloucestershire, 

Gloucester, 

Severn. 

Oxfordshire, 

Oxford, 

Thames 

Buckinghamshire, 

Aylesbury, 

Tame. 

Bedfordshire, 

Bedford, 

Eight  Eastern. 

South  Ouse. 

Lincolnshire, 

Lincoln, 

Witharn. 

Huntingdonshire, 

Huntingdon, 

South  Ouse. 

Cambridgeshire, 

Cambridge, 

Cam. 

Norfolk, 

Norwich, 

Yare. 

Suffolk, 

Ipswich, 

Orwell. 

Essex, 

Chelmsford, 

Chclmer. 

Hertfordshire, 

Hertford, 

Lea. 

Middlesex, 

London. 

Three  South-Eastern  : 

Thames. 

Surrey, 

Guildford, 

Wey. 

Kent, 

Canterbury, 

Stour. 

Sussex, 

Chichester,  or  Lewes. 
Four  Southern : 

Berkshire, 

Reading, 

Thames. 

Wiltshire, 

Salisbury, 

Avon. 

Hampshire, 

Winchester, 

Itchyn 

Dorsetshire, 

Dorchester, 

Three  South-Western. 

Frame. 

Somersetshire, 

Wells  or  Taunton. 

Devonshire, 

Exeter. 

Exe. 

Cornwall, 

Launceston, 

Six  in  North  Wales. 

Tamar. 

Flintshire, 

Flint, 

Dee. 

Denbighshire, 

Denbigh, 

Clwyd. 

Caernarvonshire, 

Caernarvon. 

Anglesey, 

Beaumaris,  on  the 

Strait  Menai. 

Merionethshire, 

Harlech  or  Bala. 

Montgomeryshire, 

Montgomery. 

Six  in  South  Wales. 

Radnorshire, 

Radnor, 

Cardiganshire, 

Pembrokeshire, 

Cardigan, 

Tivy. 

Pembroke, 

Milfordhaven. 

Caermarthenshire, 

Caermartbea, 

Towy. 

Brecknockshire, 

Brecon, 

Usk. 

Glamorganshire, 

Caerdiff, 

Taafe. 
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The  foregoing  counties  are  again  divided  into  via  circuits, 
us  follow : — 

The  Home  Circuit  contains  Essex,  Hertford,  Kent,  Surrey, 
and  Sussex. 

The  Norfolk  Circuit  contains  Rucks,  Bedford,  Huntingdon, 
Cambridge,  Suffolk,  and  Norfolk. 

The  Oxford  Circuit  contains  Oxford,  Berks,  Gloucester, 
Worcester,  Monmouth,  Hereford,  Salop,  and  Stafford. 

The  Midland  Circuit:  Warwick,  Leicester,  Derby,  Notting- 
ham, Lincoln.  Rutland,  and  Northampton. 

The  Western  Circuit:  Hants,  Milts,  Dorset,  Somerset, 
Devon,  and  Cornwall. 

The  Northern  Circuit:  York,  Durham.  Northumberland, 
Lancaster,  Westmoreland,  and  Cumberland. 

Chester  is  a county  palatine,  and  has  a separate  judge. 

In  Middlesex  the  supreme  courts  of  judicature  are  held. 

The  Universities  are  those  of  Oxford  and  Cambridge,  and 
the  public  schools  or  colleges  are  those  of  Westminster.  Eton, 
Winchester,  the  Charter-house,  Christ’s  Hospital,  St.  Paul’s, 
Ac.  The  Royal  Military  schools,  at ‘Woolwich  and  Sandhurst. 

Greenwich  Hospital  on  the  Thames,  is  the  abode  of  aged  and 
disabled  seamen  ; and  Chelsea  Hospital  contains  the  worn- 
out  and  maimed  soldiers  of  Britain.  At  Portsmouth,  Plymouth, 
Chatham,  Deptford,  Shecrncss,  and  Milford,  the  dock-yards 
for  the  navy  are  established.  And  London,  Liverpool,  Bristol, 
Hull.  Yarmouth,  Falmouth,  Sunderland,  and  Whitehaven,  arc 
the  chief  ports  for  the  merchant  shipping.  Woolwich  is  the 
great  arsenal  for  the  navy,  and  for  the  materiel  of  the  army. 

The  Isle  of  Wight,  on  the  coast  of  England,  is  remarkable 
for  its  picturesque  bcaoty  Jersey,  Guernsey,  Alderney,  and 
Sark,  arc  on  the  coast  of  France.  In  the  Irish  sea  is  the  Isle 
of  Man,  a poor  island,  bat  noted  as  the  refuge  of  the  unfortu- 
nate. The  Sciily  Isles  are  barren  rocks,  beyond  Cornwall. 
The  Isles  of  Sheppey  and  Thanet  arc  on  the  Kentish  coast ; 
and  Holy  Isle,  Lindisfarnc,  and  Coquet  isles,  are  on  the 
Northumberland  coast. 

The  principal  mountains  and  hills  are  those  of  Cheviot,  sepa- 
rating England  from  Scotland ; the  Fells,  in  Cumberland  and 
Yorkshire  ; the  Malvern  Hills,  in  Worcestershire;  the  Mendip, 
in  Somersetshire;  the  Peak,  in  Derbyshire;  the  Wreken,  in 
Shropshire ; and  the  Endle,  in  Lancashire ; and  the  most 
elevated  hills  arc, 

Fft/  JWi  High, 

Wbcrnside. 4fK50  ] Ingleborougb.. ....... . 3067 

Penny gant 3G30  Hclvcllyn  3324 

Snowdon 3456  I Skiddaw 3270 

Pendlebill. 3411  | Saddlebak 3043 

Cross  Fell 3300  i 

In  a geological  view,  England  may  be  thus  presented  to  (be 
pupil.  At  the  Land's  End,  massive  and  primitive  rocks  begin  ; 
upon  these  rest  several  species  of  transition  rocks,  cluefly 
slates  of  different  kinds ; these  arc  succeeded  by  secondary 
strata,  inclining  to  the  horizontal  position ; and  lastly,  the 
ajluvinl  matter  upon  which  Middlesex  extends.  This  is  prin- 
cipally clay,  and  may  once  have  formed  the  mud  at  the  bottom 
of  a salt-water  lake.  Proceeding  northward  from  London, 
towards  Scotland,  wc  arrive,  in  Cumberland,  at  primitive 
rocks.  These  are  among  the  highest  and  oldest  rocks  in  Eng- 
land ; and  from  the  Land  s End,  the  chain,  passing  through 
Cumberland,  extends  to  the  northern  extremity  of  Scotland.  In 
fact,  the  length  of  Britain,  its  general  form,  plains,  rivers,  and 
topographical  divisions,  depend  on  this  chain  of  mountains, 
much  in  the  same  way  that  the  continent  of  South  America 
derives  its  general  characteristics  from  the  Cordilleras. 

The  chief  rivers  in  England  are:  the  Tweed,  which  separates 
Northumberland  from  Scotland.  The  Tyne,  which  forms  the 
harbour  of  Newcastle.  The  Wear,  on  which  Sunderland  is 
built.  The  Tecs,  forming  the  boundary  between  Durham  and 
Yorkshire.  The  Esk.  on  which  Whitby  is  situated.  The  Hum- 
ber, on  which  Hull  stAiids.  The  Swale,  in  Yorkshire,  naviga- 
ble from  Ripon.  The  Derwent,  in  Yorkshire,  navigable  to 
Malton.  The  Wharfe,  in  Yorkshire,  navigable  to  Tndcaster. 
The  Aire,  which  joins  the  Ouse  at  Howden,  in  Yorkshire.  The 
Don,  which  joins  the  Ouse  in  an  artificial  oanal,  called  the 
Dutch  river.  The  Trent,  which  joins  tiro  Ouse  at  Adlingfleet, 
where  both  ore  lost  in  the  Humber.  The  Without,  forming  the 
30. 


port  of  Boston,  in  Lincolnshire.  The  Welland,  forming  the 
nortb-west  boundary  of  Northamptonshire.  Tire  Ncn  joining 
the  Wash  below  Wisbeach.  The  Southern  Ouse,  falling  into 
the  Wash  at  Lynn  Regis.  The  Yare,  in  Norfolk,  which  falls 
into  the  German  ocean  at  Yarmouth.  The  Deben,  in  Suffolk, 
navigable  to  Woodhridge.  The  Stour,  forming  the  boundary 
between  Suffolk  and  Essex:  Harwich  is  at  the  mouth  of  the 
Stour.  The  Coin,  flowing  by  Colchester.  The  Blackwater,  in 
the  north-west  corner  of  Essex,  near  Maldon,  which  is  joined 
by  the  Chelmer,  and  then  forms  an  extensive  estuary,  or  haven, 
called  Blackwater  Bay,  famous  for  its  oysters.  The  Thames, 
which,  after  receiving  about  eight  tributary  streams,  falls  into 
the  sen  below  Gravesend,  in  Kent.  London  is  situate  on  tbe 
left  bank  ; Southwark  on  its  right  bank.  The  Medway,  which, 
rising  in  Sussex,  and  navigable  from  Tunbridge,  falls  into  the 
sea  at  Shccrncss.  The  Stour,  falling  into  the  sea  at  Ramsgate. 
The  Rotlicr,  which  runs  by  Rye;  the  Ouse,  by  Lewes ; and  tbe 
Arun.  by  Arundel.  The  Itchyn,  falling  into  Southampton  Bay, 
and  the  Avon,  joining  the  Stour,  from  Stourminster,  and  falling 
into  the  sea  at  Christchurch.  The  Exc,  which  joins  the  sen 
below  Topsham ; and  the  Tamar,  which  separates  Cornwall 
from  Devonshire.  The  Towridge,  by  Biddeford,  and  the  Taw, 
by  Barnstable,  emptying  themselves  into  Barnstaple  Bay.  The 
Avon,  navigable  from  Bath,  which  falls  into  the  Bristol  chan- 
nel. The  Severn,  which,  after  a course  of  150  miles,  forms 
that  large  arm  of  the  sea,  called  the  Bristol  channel.  Tho 
Avon,  from  Warwick  and  Stratford,  joins  the  Severn  at  Tewkes- 
bury. And  the  Wye  falls  into  the  Bristol  channel  at  Chepstow. 
At  Chepstow,  the  tide  rises  to  an  extraordinary  height,  swell- 
ing from  fifty  to  sixty  feet  perpendicularly-  The  Towcy,  which 
runs  by  Caermartheo,  the  Tivy,  by  Cardigan.  Milford  Haven, 
between  these,  is  a remarkably  deep  inlet  of  the  Irish  sea,  and 
the  best  harbour  in  Britain.  The  Dee,  which  falls  into  the  Irish 
sea;  as  does  also  the  Mersey,  the  Dwell,  the  Ribble,  and  tho 
Lune.  And  tbe  Eden,  which  empties  itself  into  the  Solway 
Frith. 

The  principal  canals  in  England  are:  one  in  Lincolnshire, 
extending  from  Lincoln  to  the  Trent ; another  front  Hornca«l!c 
to  Sleaford  ; a third  from  Grantham  to  the  Trent.  Liverpool 
is  connected  with  Hull  by  a canal  called  the  Grand  Trunk,  from 
the  Trent,  proceeding  north  to  the  Mersey.  From  the  Grand 
Trunk,  several  minor  canals  extend  iu  various  directions  ; the 
chief  of  these  is  that  branch  w birh  connects  the  Severn,  Bris- 
tol, Liverpool,  and  Hull.  Another  canal  unites  the  Severn 
with  the  Mersey  ; and  from  Coventry,  the  centre  of  tho  king- 
dom, canals  extend  to  the  Gr»nd  Trunk  and  the  Grand  Junc- 
tion. Tbe  Union  Caual  is  44  miles  long,  from  Leicester  to 
Northampton.  Gloucester  and  Hereford  arc  connected  by 
another  canal.  By  a course  of  40  miles,  the  Severn  is  united 
with  the  Thames,  by  a canal  from  Strand  to  Lcchladc.  Tho 
Oxford  canal,  after  a course  of  92  miles,  joins  the  Coventry 
canal.  The  Grand  Junction  reaches  from  Brentford,  on  the 
Thames,  and  joins  the  Oxford  canal  at  Braunston  in  North- 
amptonshire, after  a course  of  90  miles.  On  the  south  of  tho 
Thames,  another  canal  connects  Reading  and  Bath.  The  Lan- 
caster canal  stretches  74  miles  from  Kendal,  ill  Westmoreland, 
to  West  Houghton,  in  Lancashire.  The  canal  from  Leeds  to 
Liverpool  winds  through  a circuit  of  1 17  miles.  The  Rochdale 
canal  i.s  31J  miles  Ion*.  The  Peak  Forest  canal  is  15  miles 
long ; and  the  Chesterfield  canal  to  the  Trent  is  55  miles  long. 

The  chief  watering  places  arc,  Bath,  Cheltenham,  Tunbridge, 
Harrow  gate,  Ac.  famous  for  their  salubrious  and  sulphureous 
springs.  On  the  sea-const,  in  summer,  Brighton,  Ramsgate, 
Scarborough,  Margate,  Weymouth,  Dawlisb,  and  Swansea,  arc 
places  of  fashionable  resort. 

The  surface  and  climate  of  England  are  alike  varied  and 
unequal.  Thus.  Wales  is  celebrated  for  lolly  mountains, 
broken  by  beautiful  and  extensive  valleys  ; the  south  of  Eng- 
land is  generally  a level  alluvial  soil;  but  towards  the  Wash, 
in  Lincolnshire.it  is  low  and  fenny.  Derbyshire  is  celebrated 
for  its  mountains  and  minerals.  Tbe  north  of  Emgiand  is 
varied  by  hills,  dales,  and  lakes.  Here  the  scenery  is  rich  and 
picturesque.  Winander  and  Coniston  merei  (lakes)  beautify 
Lancashire;  Ulswater,  the  west  of  Westmorland;  passed' 
tbwaite  water,  and  Kcsswick  or  Derwent- water,  are  situated  iu 
tbe  south  of  Cumberland. 
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The  atmosphere  of  England  is  humid,  and  hence  the  frequent 
changes  of  weather;  but  its  constant  agitation  conduces  to 
that  perpetual  verdure  which  covers  the  land,  and  preserves  it 
from  those  extremes  of  heat  and  cold  to  which  other  countries 
in  the  same  latitude  arc  exposed. 

The  chief  sea  ports  in  England  are  London,  which  we  have 
already  noticed  ; Liverpool,  the  second  port  in  the  kingdom, 
trades  principally  with  the  West  Indies,  the  East  Indies, 
America,  the  Baltic,  the  Mediterranean,  and  Ireland.  Bristol, 
next  to  Liverpool,  trades  with  Ireland,  the  West  Indies,  North 
America,  Hamburg,  and  the  Baltic.  Hull,  reckoned  the  fourth 
port  for  commercial  business,  trades  in  coals,  corn,  wool,  menu- 
factored  goods,  with  every  country  in  Europe,  with  America. the 
West  Indies,  Stc.  Newcastle  and  Shields  supply  the  London 
market  with  coals,  and  carry  on  some  trade  with  the  Baltic,  and 
in  the  Greenland  fisheries.  Whitby  builds  many  vessrls,  and  has 
a good  coasting  trade  ; Gainsborough  has  some  coasting,  and  a 
little  foreign  trade  • Boston  sends  vessels  to  the  Baltic,  and 
exports  oats  to  London  ; Lynn  supplies  most  of  the  inland 
counties  with  coal,  timber,  and  wine;  it  exports  corn  and  malt, 
and  partakes  in  the  Greenland  fishery.  Yarmouth  is  a con- 
siderable sea  port,  and  besides  the  coasting  trade,  sends  ships 
to  the  Baltic,  Holland,  Portugal,  and  the  Mediterranean.  And 
the  Thames,  below  London  Bridge,  is  crowded  with  ships, 
which  convey  into  that  capital  the  commerce  and  wealth  of  the 
globe.  Chatham,  a great  naval  arsenal,  is  well  defended  by 
strong  fortifications ; as  is  also  Portsmouth  harbour,  formed 
by  the  island  of  Portsea  and  the  Peninsula.  Southompton 
trades  with  France,  Jersey,  and  Guernsey  ; and  Plymouth,  the 
most  considerable  harbour  iu  England  for  a navy,  has  a good 
brisk  trade  in  war  time. 

The  chief  manufacturing  towns  are  Manchester  for  cotton 
goods.  Leeds  and  Wakefield  for  woollen  cloths,  Birmingham 
mid  SlidTuehl  for  hardware  and  cutlery.  Cornwall  is  the 
chosen  depository  of  the  metals.  Wiltshire  is  famed  for  its 
super  fine  broad  cloths. 

Scotland. — The  position  of  Scotland,  the  northern  portion  of 
Great  Biitain.has  already  been  indicated.  It  is  *200  miles  long, 
and  about  1G0  miles  broad,  at  its  greatest  extremity.  Its 
superficial  contents  are  27,703  square  miles,  the  population 
2,100,000  souls ; consequently,  there  are  nearly  72  inhabitants 
for  every  square  mile.  Tire  established  religion  is  the  Presby- 
terian ; but  there  are  numerous  disaeoters. 

Scotland  is  divided  into  thirty-three  counties,  as  follow: 

In  the  North  ore : 

The  Counties  of,  it  hot  e Chief  Town*  art , 

Orkney  (Isles),. Kirkwall  and  Stromness. 

Caithness Wick, 

Sutherland, Dornoch. 

Boss, ......Dingwall  and Taine. 

Cromarty, Croamrty. 

Inverness, ...Inverness. 

The  Midland  Division  consists  of, 

Argyle,  Inverary. 

Bute, Roths  a>. 

Nairn, Nairn. 

Murray  or  Elgin Elgin. 

Banff  or  Banff,  .Banff  or  Banff. 

Aberdeen,  Aberdeen. 

Mearos  or  Kincardine, Berne. 

Angus  or  Forfar, Montrose. 

Perth, Perth. 

Fife, St,  Andrew's. 

Kinross Kinross. 

Clackmannan Clackmannan. 

Stirling Stirling. 

Dumbarton Dumbarton. 

7n  the  South  are : 

West  Lolnian  or  Linlithgow,.  .Linlithgow. 

Mid  Lothian  or  Edinburgh, Edinburgh. 

Fast  Lothian  or  Haddington,. . Haddington  and  Dunbar. 

Berwick  or  Merse, Dunsc  and  Lauder. 

Renfrew Renfrew. 

Ayr Ayr. 


The  Covntitt  of,  whose  Chief  Towns  are , 

Wigton  or  West  Galloway,..  ..Wigton. 

Lanark  or  Clydesdale, Glasgow  and  Lanark. 

Peebles  or  Tweedale, Peebles. 

Selkirk Selkirk. 

Roxburgh, .Jedburgh. 

Dumfries Dumfries. 

Kirkudbright  or  East  Galloway,  Kirkudbright. 

The  Scottish  isles  are  Bote  and  Arran  in  the  Frith  of  Clyde ; 
the  Hebrides,  west  of  Cantyre,  are  Ilav,  Jura,  Mull,  Tiree,  Col, 
Iona,  Sky,  Lewis,  See.  The  Orkney  isles  are  separated  from 
the  main  land  by  the  Pcntland  Frith,  They  are  twenty-six  iu 
number  ; but  the  chief  is  Pomona,  or  Mainland,  and  its  princi- 
pal towns  Kirkwall  and  Stromness.  The  Shetland  isles,  north 
of  the  Orkneys,  arc  forty-six  in  number;  and  of  these  twenty- 
six  are  ioliabited.  The  chief  town  is  Larwick. 

The  lakes  and  Friths  of  Scotland  most  noted,  a re,  Lnch 
Ness,— Loch  Lochy, — Loch  Lomond, — Loch  Tay, — Loch  Ave, 
and  Loch  Pyoc. — The  Frith  of  Dornock, — the  Murray  Frith,— 
the  Frith  of  Tay,— the  Frith  of  Forth,— the  Solway  Frith,  and 
the  Frith  of  Clyde. — A Frith  is  an  arm  of  the  sea,  running  up 
into  the  land  ; and  the  term  loch,  or  lake,  is  applied  indifferently 
to  a piece  of  fresh-water,  or  an  arm  of  the  sea.  Thus,  Loch 
Lomond  is  a fresh  water  lake,  and  Loch  Fyne  an  arm  of  the 
sea,  like  the  Frith  of  Forth. 

The  principal  mountains  are,  the  Cheviot  Hills,  the  Gr:.rn- 

fiian  Hills,  Ben  Nevis,  in  Invernesshirr,  4350  feet  above  the 
evel  of  the  sea,  and  Ben  Lomond,  about  3200  feet  high.  From 
Ben  Lomond  a spectator  secs  Bute,  Arran,  the  rock  of  Ailsa, 
Ireland,  Pimlimmon  in  Wales,  Skiddaw  in  Cumberland,  &c. 

The  chief  rivers  aretheSpev,in  Invcrnesshire ; the  Deveron, 
separating  Banff  from  Aberdeenshire;  the  Dee  and  the  Don, 
intersecting  Aberdeenshire  from  west  to  cast;  the  Tay,  falling 
into  the  German  ocean  below  Dundee;  the  Forth,  the  most 
beautiful  serpentine  river,  empties  itself  into  the  German  ocean 
below  Leith  ; the  Tweed,  at  Berwick  ; the  Annan  falls  into  the 
Solway  Frith  at  Annan ; the  Nith  flows  by  Dumfries ; and  the 
Clyde,  after  washing  Lanark.  Renfrew,  Dumbarton,  Argyll- 
shire, and  Bute,  empties  itself  into  the  Irish  sea  at  the  isles  of 
Bute  and  Cumbras. 

The  canals  of  Scotland  are  those  of  Forth  and  Clyde,  the 
Caledonian  canal,  a eanal  ft om  Glasgow  to  Kilwinning;  and 
one  projected  from  Glasgow  to  Edinburgh.  The  Forth  and 
Clyde  canal  extends  from  the  mouth  of  the  Carron  and  Forth 
to  Dalinuir  Burnfoot,  six  miles  below  Glasgow,  and  in  its 
course,  passes  over  several  aqueducts,  the  chief  of  which  is 
that  of  Kelvin,  considered  one  of  the  finest  pieces  of  masonry 
in  the  world.  The  Caledonian  canal,  80 miles  in  length,  opens 
a communication  between  the  Murray  Frith  and  the  western 
sea,  along  a line  of  lakes,  from  Inverness  by  Fort  Augustus 
and  Fort  William. 

The  surface  and  climate  of  Scotland,  as  contrasted  with  those 
of  England,  may  be  thus  given  The  coast  of  Scotland  is 
more  chccquered  than  that  of  England  ; and  the  former  is  more 
diversified  by  lakes  than  the  Utter.  In  the  north,  the  moun- 
tains accumulate  and  precipitate  the  clouds  in  plentiful  show- 
ers of  rain  ; the  air  is  therefore  colder,  the  soil  not  so  rich,  and 
the  harvests  later  than  in  England.  The  chief  mountains  here 
alluded  to  are  the  Grampian  from  Loch  Lomond  to  the  north- 
west of  Aberdeenshire  ; and  the  Ochill  hills,  south  of  Perth. 

The  productions  of  the  north  of  Scotland  are  cows,  sheen, 
and  horses,  all  small  in  sixe,  but  valuable  to  their  owners.  In 
the  south  and  west,  the  horses  and  horned  cattle  are  Urge  and 
profitable;  and  the  finest  grays  are  bred  in  Ayrshire.  The 
Highlands  abound  in  timber  and  game;  the  western  seas  and 
lochs  in  cod,  ling,  salmon,  and  herrings. 

The  chief  sea  ports  of  Scotland,  are  Leith,  Greenock. Glasgow, 
Avr,  Saltcoats,  Kilwinning,  Rothsay,  Aberdeen,  Dundee,  See. 
The  chief  manufacturing  places  are  Glasgow,  Paisley,  Lanark, 
Kilmarnock.  Sec. 

Ireland.—  Ireland  is  an  island  in  the  Atlantic  ocean,  to  the 
west  of  Great  Britain.  It  is  about  300  miles  long,  and  180  at 
its  greatest  breadth.  Computing  its  superficial  contents  at 
30.370  square  mUcs,  and  its  population  at  6,000,000  of  souls, 
there  will  be  104  inhabitants  to  eacb  square  mile- 
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Ireland  is  divided  info  four  provinces  : — Leinster,  in  the  east, 
containing  twelve  counties.  Ulster,  in  the  north,  containing 
nine  counties.  Connaught,  in  the  west,  containing  five  coun- 
ties; and  Munster,  in  the  south,  containing  six  counties. 

The  Counties  of  Leinster  are  : 

County.  Chief  Towns.  Situate  on  the  Hirer 


Dublin 

Dublin, 

Liffey. 

Louth, 

Drogheda, 

Boyne. 

Wicklow, 

Wicklow, 

Irish  Sea. 

Wexford, 

Wexford, 

Slayney. 

Longford, 

Longford, 

Shannon. 

East  Meath, 

Trim, 

lioync. 

West  Meath, 

Mullingar. 

King's  County, 

Philipstown. 

Queen's  County 

, Mur)  borough. 

Kilkenny, 

Kilkenny, 

Nore 

Kildare, 

Kildare, 

Carlow, 

Carlow, 

Barron. 

The  Counties  of  Ulster  are: 

Down, 

Downpatrick, 

Strangford  Bay. 

Armagh, 

Armagh  and  Charlc 

moot. 

Monaghan, 

Monaghan. 

Cavan, 

Cavan. 

Antrim, 

Carrickfcrgus, 

Bay  ofCarrickfergos 

Londonderry, 

Londonderry, 

Foyle. 

Tyrone, 

Omagh. 

Fermanagh, 

Enniskillen, 

Loch  Erne. 

Donegal, 

Lifford, 

Foyle. 

The  Counties  of  Connaught 

! art: 

Leitrim, 

Carrick  on  Shannon 

Roscommon, 

Roscommon. 

Mayo, 

Castle  Bar  and  Dal 

tcnrobc. 

siigo. 

®*p> 

Sligo  Bay. 

Galway, 

Galway. 

The  Counties  of  Munster 

are: 

Clare, 

Ennis. 

Cork, 

Cork. 

Kerry, 

Tralee. 

Limerick, 

Limerick, 

Shannon. 

Tipperary, 

Tippcraryic  Clonmel. 

Waterford, 

Waterford, 

Suir. 

The  established  religion  and  ecclesiastical  discipline  of 
Ireland,  are  the  same  as  in  England.  Bat  the  prevailing  reli- 
gion is  the  Roman  Catholic ; and  sectaries  of  various  denomi- 
nations are  met  with  as  in  England. 

There  are  four  archbishopricks,  viz.  Armagh,  Dublin,  Cashel, 
and  Tuam. 

There  are  eighteen  bishopricks,  rir.  Clog  her,  Clonfert, 
Cloyne,  Cork,  Derry,  Down,  Promore,  Elphin,  Kildare,  Killala, 
Kilmore,  Killaloe,  Leighlin,  Limerick,  Meath,  Ossory,  Uaphoe, 
and  Waterford. 

There  is  only  one  University  in  Ireland,  namely,  that  of 
Dublin ; the  Royal  College  of  Maynootli  is  for  the  education 
of  young  men  of  the  Roman  Catholic  religion. 

The  chief  cities  are  Dublin,  the  capital,  about  ten  miles  in 
circumference,  containing  120,000  inhabitants;  Cork,  the 
second  city,  has  a population  of  80,000  inhabitants,  and  is  the 
grand  market  of  Irish  provisions ; Limerick,  the  third  city, 
containing  GO, 000  inhabitants,  exports  beef,  hides,  tallow,  and 
butter.  Waterford  has  36,000  inhabitants,  and  exports  similar 
commodities.  Galway  carries  on  a trade  with  the  West  Indies  ; 
Sligo  is  an  increasing  town,  and  Castlebar  is  also  prosperous. 
Londonderry  is  not  so  famons  for  its  commerce  as  for  its  Ancient 
and  military  fame.  But  Belfast,  originally  a Scottish  colony, 
now  boasts  a population  of  20,000  people,  employed  in  the 
manufacture  of  cotton,  cambric,  sail-cloth,  linen,  white  glass, 
sugar,  and  earthenware.  Dundalk  manufactures  linens  and 
muslins;  Drogheda  exports  grain;  and  Wexford  is  noted  for 
its  woollen  manufactories. 

A canal  joins  Dublin  by  an  inland  navigation  with  Limerick 
and  Waterford ; and  there  is  “mother  canal  from  Ncwry  to 


| Loch  Neigh.  The  principal  rivers  arc,  the  Shannon,  the  Sutr, 

\ the  Blackwatcr,  the  liana,  and  the  Lifley.  And  the  chief  lakes 
I are,  Loch  Erne,  Loch  Neagh,  Loch  Corrib,  Loch  Rea,  and 
I Lorli  Derg. 

* The  climate  of  Ireland  is  mild,  and  favourable  to  vegetation. 
And  the  face  of  the  country  is  more  level,  fertile,  and  abundant 
in  pasturage  than  Scotland.  But  the  fanners  are  oppressed 
by  speculators,  called  middle  men,  who  rent  farms  from  the 
landlords,  and  let  them  to  the  real  occupiers ; these  last  suffer 
equally  with  tlic  proprietors,  from  this  shocking  system. 

Amoog  the  natural  curiosities  of  Ireland,  we  must  not  omit 
the  picturesque  Lake  of  Killarney ; the  Isle  of  Iimisfiillrn, 
venerable  and  romantic;  and  the  Giants'  Causeway,  000  feet 
in  length,  and  from  120  to  240  feet  in  breadth,  and  from  sixteen 
to  thirty-six  feet  above  the  level  of  the  strand.  This  cnusc- 
wny,  which  is  situated  about  eight  miles  north-east  from  Cole- 
raine, consists  of  many  thousand  pillars,  mostly  in  a vertical 
position,  some  high,  others  broken,  but  in  general,  sufficiently 
level  to  form  a pavement  projecting  into  the  sea  to  an  extent 
unknown  to  man. 

The  isles  belonging  to  Ireland,  are  Lambcy,  north-east  of 
Dublin;  at  the  south-eastern  extremity  appear  the  Sallee  isles 
and  the  rocks  of  Tashard;  Clare,  at  the  southern  extremity,  is 
chiefly  fame  d for  its  promontory.  Cape  Clear.  The  llog  Islands, 
tbc  Skellcgs,  Valentia.  and  the  Blankets,  are  on  the  north-west, 
ami  off  the  coast  of  Kerry.  The  South  Arran  Isles  lie  in  the 
Bay  of  Galway,  and  the  islands  of  North  Arran  arc  off  the 
coast  of  Donegal. 

Sweden , l.aptand,  and  Norway. — Sweden,  on  the  north-west 
of  Europe,  is  1 160  miles  in  length,  and  from  the  Norwegian 
Alps  to  the  limits  of  Russin,  about  600  miles  in  brrndth.  The 
contents  in  square  miles  are  208,912,  and  the  inhabitants  being 
reckoned  3,000,000,  there  will  be  14  to  every  square  mile. 

Sweden  Is  divided  into  several  provinces,  rir.  Sweden  pro- 
per, West  Norland,  Swedish  Lapland,  East  Bothnia,  Finland, 
and  Norway. 

The  established  religion  is  Lutheran.  There  are  one  arch- 
bishopric, thirteen  prelacies,  and  2637  parishes.  The  prie$t9 
are  in  number  1378,  with  134  vicars,  and  192  inspectors. 

Tbc  government  is  absolute  monarchy  ; and  the  diet,  or  par- 
liament, consists  of  nobles,  landed  gentlemen,  clergy,  bur- 
gesses or  deputies  of  towns,  and  those  of  tbe  peasantry. 

Sweden  possesses  only  one  colonial  possession,  the  island  of 
St.  Bartholomew  in  tbe  West  Indies.  Its  army  is  about  48, (KM) 
men;  and  its  navy  aboat  twenty  ships  of  the  line.  The  revenue 
about  £1.600,000  ; the  national  debt  £10.000,000  sterling. 

In  their  manners,  tbe  Swedes  affect  the  politeness  and  frivo- 
lities of  the  French  ; the  men  are  commonly  robust,  the  women 
slender  aud  elegant. 

The  Universities  are  those  of  Upsal,  containing  about  500 
students  ; Lunden,  300 ; and  Abo,  equalling  that  of  Upsal. 

The  chief  towns  are  Stockholm,  the  capital,  built  on  seven 
small  islands,  and  resembling  Venice,  but  with  greater  diversity 
of  prospect,  aud  scenery  more  truly  singular  and  romantic. 
Upsal,  the  only  archbishopric,  contains  about  3000  inhabitants, 
exclusive  of  the  studeots.  Gotbenburgb,  in  West  Gothland, 
has  20,000  inhabitants,  and  carries  on  considerable  commerce, 
and  a brisk  berring  fishery. 

Cariskrona,  founded  by  Charles  XI.  in  1680,  contains  about 
11,000  inhabitants  ; and  Abo,  in  Finland.  8760. 

Sweden  manufactures  iron  and  steel,  copper  and  brass, 
cloths,  hats,  watches,  and  sail  cloths.  Tbe  miners  amount 
to  26,000. 

The  great  forests  of  Sweden  and  Norway  consist  chiefly  of 
pine  and  fir,  spruce  fir ; the  former  is  called  the  red , tbc  latter 
tbe  white  wood  of  commerce. 

The  winter  maintains  a lengthened  and  dreary  sway  in  tho 
north  of  Sweden  ; and  the  gulf  of  Bothnia  becomes  one  vast 
field  of  ice.  In  the  south,  Sweden  resembles  Seotland  in  tem- 
perature of  climate.  In  tbe  north,  on  the  other  hand,  in  tbe 
summer,  the  climate  is  hot,  from  tho  great  length  of  the  days, 
and  the  reflection  of  tho  sun’s  rays  from  tbe  numerous  moun- 
tains ; for  at  Tornca,  in  Swedish  Lapland,  the  sun  never  sets 
for  some  weeks  together.  The  Aurora  Borealis  sheds  its  ruddy 
light  through  the  sky,  and  cheers  the  darkness  of  the  winter. 

Sweden  is  more  diversified  than  any  country  of  Europo 
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except  Switzerland:  extensive  lakes,  large  pellucid  rivers, 
winding  streams,  foaming  cataracts,  gloomy  forests,  verdant 
vales,  and  rocks  piled  on  rocks,  on  all  bands  greet  the 
traveller. 

The  Swedish  rivers  are  numerous,  on  account  of  the  lakes 
and  mountains.  The  chief  are  the  Ells,  the  Gotha,  the  Motaio, 
the  Dahl,  and  the  Bothnia.  The  lakes  arc  those  of  Weuer, 
Weler,  Meier,  Ifieluiar,  Stor.  Enara,  Hernarba  Slacr,  or  the 
great  lake,  Tornea,  and  the  Pajana  in  Finland,  eighty  miles  in 
length,  and  fourteen  miles  in  breadth. 

The  chief  mountains  arc  those  which  divide  Sweden  and 
Swedish  Lapland  from  Norway;  and  from  these,  successive 
ranges  diverge  in  a south-east  direction.  The  centre  of  this 
chain,  like  that  of  the  Pyrenees,  is  the  loftiest  part,  and  it 
declines  towards  Lapland. 

There  are  few  species  of  trees  in  Sweden  beside  the  fir,  the 
mountain  ash,  the  alder,  the  birch,  and  the  willow;  but  in  the 
south,  the  lime,  the  elm,  the  nsb,  and  the  oak  flourish.  And 
the  inner  hark  of  the  fir,  mixed  with  rye-meaJ,  furnishes  to  the 
poor  a coarse  bread  in  time  of  scarcity. 

The  Swedish  horses  are  small,  but  of  good  mettle.  The  bear, 
the  lynx,  the  wolf,  the  beaver,  the  otter,  the  glutton,  the  flying 
squirrel,  the  rein-deer,  falcons,  eagles,  ducks,  geese,  and  an 
infinite  variety  of  game,  are  found  in  Sweden,  and  Swedish 
Lapland. 

The  mines  of  Sweden  are  the  grandest  in  Europe ; as,  the 
gold  mines  of  Adelfors,  in  the  province  of  Smoland  ; the  filter 
mines  of  Salberg,  thirty  miles  west  of  Fpsal ; the  copper  miDC 
in  Delecarlia;  the  iron  mines  of  Danamora  ; and  an  entire 
mountain  of  iron  ore,  near  Tornea.  in  Lapland. 

The  Swedish  islands  in  the  Baltic  are,  Rngen,  Ocland,  Goth- 
land, and  the  isles  of  Aland,  at  the  entrance  of  the  Gulf  of 
Bothnia. 

AVway.—  Norway,  ceded  to  Sweden  by  Denmark,  in  lien  of 
Pomerania,  is  divided  into  Christiansand,  Aggerhaus,  Bergen, 
Dronlheiin,  Norland,  and  Finmark.  The  population  is  esti- 
mated at  700,000,  and  has  remained  pure  and  unmixed  by  con- 
quests ; hence,  the  Norwegians,  the  descendants  of  the  ancient 
Fins  and  Laps,  still  retain  the  muscular  frame,  the  fresh  coun- 
tenance, and  the  yellow  or  red  hair  of  the  Normans.  The 
Peasantry  are  frank  without  ostentation,  and  undaunted  with- 
out insolence.  Their  ordinary  dress  is  grey,  with  red  button- 
holes, and  white  metal  buttons ; and  the  women  dress  in  a 
petticoat  and  shift,  with  a dose  collar  round  their  throat,  and 
a black  sash.  The  Laplandcrt,  or  Norwegians  of  Finmark  or 
Luptnark,  arc  of  a small  size,  generally  about  four  feet,  with 
large  heads,  high  cheek-bones,  swarthy  complexions,  wide 
mouth  and  thick  lips,  dark  eyes,  and  short  black  hair.  Their 
usual  dresses  are  red  caps  lined  with  fur,  and  robes  of  cloth 
or  skin. 

The  religion  of  Norway  is  the  Lutheran,  and  there  are  four 
bishoprics.  The  parochial  clergy  are  maintained  by  their 
glebes,  tithes,  and  surplice  fees. 

In  Lapland,  the  sun  is  absent  for  seven  weeks  at  a time  ; but 
the  stars  arc  then  visible,  nnd  from  ten  to  one  in  the  day  time 
there  is  a kind  of  twilight,  by  which  a person  may  see  to  read 
without  artificial  light. 

There  arc  four  grammar  schools  in  Norway,  and  a special 
seminary  for  the  Laplanders  at  Bergen. 

The  chief  towns  of  Norway  are  Bergen,  the  capital,  contain- 
ing a popnlation  of  19,000  souls;  Christiana,  with  a population 
of  10,000  inhabitants;  and  Dronlheiin,  the  ancient  residence  of 
the  kings  of  Norway,  8.000  souls.  Hie  chief  products  of  Nor- 
way are  wood,  goats'  hides,  silrrr.  copper,  iron,  &c. 

Though  the  most  mountainous  country  in  the  world,  Norway 
boasts  a salubrious  atmosphere;  its  inhabitants,  in  general, 
attain  a good  old  age ; and  though  the  weather  in  winter  is 
cold,  the  harbours  are  seldom  frozen.  The  highest  land  is 
2,665  feet  above  the  level  of  the  sea  ; the  loftiest  vale,  2,000 
feet ; and  the  pine  prows  at  an  elevation  of  3.000  feet. 

The  chief  river  in  Norway  is  the  Gloroen,  full  of  cataracts 
and  shoals ; yet  AO  000  trees  arc  annually  floated  down  its 
stream  to  Fiedcriekstadt.  Next  in  consequence  is  the 
Dramme.  then  the  Louven,  the  Torrisdals,  the  Tana,  and  the 
Allen.  The  lakes  are  those  of  Mioss,  Rands,  Tyri,  and  Foc- 
mund.  The  6rst  is  sixty  miles  long,  the  second  fifty,  but  not  [ 


more  than  two  in  breadth,  the  third  is  fifteen  miles  long,  and 
exhibits  an  enchanting  picture  of  bays  and  creeks,  diversified 
by  corn-fields,  fertile  meadows,  and  hanging  forests ; and  the 
last  is  thirty-five  miles  long  and  eight  broad.  The  Maelstroom, 
a whirlpool  on  the  sea-shore  of  Norland,  proves  dangerous  to 
boats,  and  even  to  the  majestic  whale. 

The  Danith  Dominioru. — The  kingdom  of  Denmark  consists 
of  Zealand,  Holstein,  Lunenhcrg,  Jutland,  Iceland,  and  the 
Fcroe  Islands.  Zealand  is  an  island  at  the  entrance  of  the 
Baltic  ; Holstein  and  Luncnbrrg  border  on  Germany  ; Jutland 
is  a tongue  of  land  projecting  from  the  continent  at  Holstciu ; 
Iceland  is  a large  island  in  the  Arctic  Ocean  ; and  the  Feroe 
Islands  lie  north-west  of  Shetland. 

The  established  religion  is  the  Lutheran ; and  in  Denmark 
proper  there  are  six  bishoprics,  and  two  in  Iceland.  The 
chief  sec  is  that  of  Zealand,  which  yields  about  £1,000  per 
annum.  The  parochial  clergy  are  maintained  by  their  glebes, 
tithes,  and  surplice  fees.  Io  Jutland,  however,  some  of  the 
livings  do  not  exceed  £20  a year.  The  government  is  absolute 
monarchy,  hut  exercised  with  mildness. 

The  population  is  about  two  millions  and  a half,  the  square 
contents  of  territory  180,000  miles,  therefore  there  are  twelve 
inhabitants  to  a square  mile.  The  army  is  about  70,000  men. 
The  revenue  of  Denmark  is  £543,654  ; Sleswick  and  Holstein, 
£300.000;  the  West  India  islands.  £262,000;  the  customs  at 
the  Sound,  £122,564;  Altona,  £3,150.  The  maintenance  of 
the  government  amounts  to  £1,050,000.  The  national  debt  is 
£2,000,000. 

The  colonial  possessions  are  Tranquebar,  on  the  coast  of 
Coromandel ; Chrjstianburgh,  on  the  coast  of  Guinea ; a small 
part  of  Greenland  ; St.  Jan,  St.  Thomas,  and  St.  Cruix,  in  the 
West  Indies. 

The  Danish  peasantry  are  vassals,  idle,  dirty,  and  dispirited ; 
but  the  superior  classes  differ  little  from  their  neighbours  on 
the  continent  of  Europe.  Every  parish  of  Denmark  is  provided 
with  two  or  three  schools;  and  the  masters  teach  the  youlh 
their  native  language,  writing,  and  arithmetic.  Bat  in  Hol- 
stein there  are  sixteen  grammar  schools,  eleven  in  Sleswick, 
and  nineteen  io  Jutland  or  Denmark  proper,  maintained  at  the 
royal  expense.  The  universities  are  those  of  Copenhagen 
and  Kiel. 

The  chief  cities  are  Copenhagen,  the  capital,  in  the  island  of 
Zealand,  with  90,000  inhabitants ; and  Altona  on  the  Elbe, 
close  to  Hamburgh,  with  a population  of  25,000  inhabitants. 
At  Elsinore,  all  foreign  ships  entering  the  Baltic,  pay  a toll  or 
custnni-duc.  Tbc  canal  of  Kiel,  tw  enty  miles  in  lengih,  unites 
the  Baltic  with  the  Eydcr,  which  falls  into  the  German  sea, 

Denmark  export*  corn,  horses,  and  Mack  cattle;  butter,  fish, 
tallow,  hides,  oil,  tar,  pitch,  resin,  and  timber;  and  it  import t 
silks,  broad  cloths,  wine,  brandy,  salt,  furniture,  and  colonial 
produce. 

The  soil  of  Jutland  and  Holstein  resembles  that  of  England ; 
and  the  process  of  agriculture  is  excellent  in  the  south. 

The  chief  river  is  the  Eydar,  the  ancient  boundary  between 
Denmark  and  Germany.  In  Denmark  proper,  there  are  some 
bills  and  forests,  but  no  mountains. 

Iceland  is  260  miles  long,  200  broad,  and  contains  60,000 
inhabitants.  This  island  is  famous  for  its  volcanic  mount 
Hecla.  its  boiling  springs,  sulphureous  rivers,  and  the  litera- 
ture of  its  natives. 

The  Fcroe  Islands,  seventeen  io  number,  have  a population 
of  6,000;  but  though  not  unfertile,  their  products  are  scanty; 
amt  they  ate  chiefly  famed  for  many  singular  ranges  of  basaltic 
columns. 

The  Huttian  Empire. — Russia  is  the  most  extensive  empire 
in  the  world  ; its  length  being  9,200  miles,  its  breadth  2,400 
miles,  and  its  superficial  contents  1,200.000  square  miles.  Its 
entire  population  is  fifty  millions  of  inhabitants,  thousands  of 
whom  are  mere  barbarians  and  savages. 

Its  religion  is  the  Greek  Church  ; the  clergy  are  67,000,  and 
are  exempt  from  taxes.  There  are  thirty  bishoprics,  18,350 
cathedrals  and  parish  churches  in  this  empire;  the  monasteries 
arc  480;  the  monks  7,300;  the  nnnncrics  741,  and  the  nuns 
3,000. 

The  government  is  a military  despotism  ; the  laws,  the  will 
. of  the  emperor;  and  the  provinces  are  managed  by' viceroys. 
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The  greater  part  of  Ibe  peasantry  or  boors  are  serfs  or  slaves  ; 
and  in  the  bank  belonging  to  the  government,  a slave  was  wont 
to  be  taken  in  pawn  for  forty  roubles! 

The  chief  colonies  of  Russia  are  on  the  eastern  coast  of  tbe 
Asiatic  continent;  her  army  is  immense,  but  her  navy  incon- 
siderable; the  revenue  is  not  above  £1-2,000,000 ; but  there  is 
hardly  auy  national  debt. 

The  manners  and  customs  of  the  Russians  are  as  various  as 
their  distinct  countries  or  races  ; and  may  be  viewed  as  those 
of  the  Laplander,  tbe  Tartar,  the  Asiatic,  the  Parisian,  and 
the  Pole. 

The  chief  towns  are  Moscow,  Petersburgb,  Archangel,  To- 
bolsk, Irkutsk,  Revel,  Astracan,  Cherson,  Smolcnsko,  Ac. 
Moscow  contained  1,000  places  of  public  worship,  before  it 
was  burned  in  1812,  and  its  public  buildings  were  the  most 
magnificent  in  Europe.  Petersburgh  boasts  an  extensive 
commerce  ; Cherson  is  the  chief  mart  in  the  south  of  Russia; 
and  Astracan  carries  on  much  trade  with  Persia  and  India. 

Russia  has  an  extensive  inland  navigation  of  2.400  miles, 
between  tbe  Baltic  and  Caspian  seas.  Its  manufactures  arc 
carried  on  with  spirit,  prosperity,  and  profit;  and  its  internal 
and  foreign  commerce  is  very  considerable.  The  climate  of 
Russia  is  various,  on  account  of  its  great  extent,  both  north 
and  south.  In  the  north,  the  winters  arc  intensely  cold  ; in 
the  south,  they  are  mild  ; and  summer  in  both  is  warm  and 
genial.  The  soil  is  various,  pasturage  is  abundant,  and  though 
the  harvests  are  plentiful,  agriculture  is  conducted  with  great 
negligence.  The  rivers  of  Russia  arc  numerous,  and  generally 
on  a grand  scale  ; as,  for  instance,  the  Volga,  tbe  sovereign  of 
European  rivers ; the  Don  or  Tanais  ; the  Neiper  or  ancient 
Borislhenes  ; the  Dwina  ; tbe  Bofr,  or  Hypanis  ; tbe  Niester  ; 
the  Narva;  the  Dana  ; and  the  Niemen.  The  lakes  arc  those 
of  Imandra,  in  Russian  Lapland  ; Onega,  150  miles  long  and 
thirty  broad,  and  Ladoga,  130  miles  long,  and  thirty  broad,  in 
the  government  of  Onctz;  the  lake  Peypus,  sixty  miles  long 
by  thirty  broad;  the  lake  Ilmen;  the  Bcilo,  or  White  Lake; 
and  the  Seligcr,  in  tbe  government  of  Tver. 

The  mountains  are  those  of  Olonets  and  Ural,  which  separate 
Europe  from  Asia.  But  in  general,  Russia  is  a desert  and 
level  country. 

The  animats  peculiar  to  Russia  are  bears,  wolves,  lynxes, 
elks,  camels,  horses,  sheep,  reindeer,  poultry,  game,  Ac.  The 
mines  are  chiefly  iron  ore,  at  Dougna,  near  Smolensk ; but  in 
the  Uralian  mountains  gold  has  been  discovered. 

Among  the  natural  curiosities,  the  grotto  of  Kurgur,  on  the 
western  side  of  the  Uralian  mountains,  is  of  great  extent,  con- 
taining many  subterraneous  lakes  and  meadows.  The  ice* 
bergs  which  float  in  the  Arctic  Ocean  reflect  all  the  colours  of 
tho  rainbow,  and  seem  so  many  cathedrals  of  crystal,  adorned 
with  silver  pinnacles. 

The  chief  islands  belonging  to  Russia,  are  Cronstadt,  in  the 
Gulf  oT  Finland ; Oesel  and  Dago,  in  the  Baltic,  peopled  by 
Estonians,  or  Livonians;  Nova  Zembla,  in  tho  White  Sea; 
Spitsbergen  ; the  dreary  group  of  isles  called  the  Seven  Sisters ; 
the  Kamtschadale  Islands,  comprising  the  Kurile  Isles,  the 
Aleutian  Islands,  and  the  Renaiski  group. 

Prussia. — Prussia  dates  its  consequence  as  a kingdom 
among  the  states  of  Europe,  at  the  commencement  of  the  18th 
century.  Its  acquisition  of  territory  since  1814,  has  been  con- 
siderably increased  by  Russia  and  Great  Britain,  that  tbe 
balance  of  power  might  be  more  advantageously  distributed 
between  the  north  and  the  south  of  Europe.  The  extent  of 
Prussia  is  now  about  600  miles  long  by  300  broad ; and  it 


comprehends  the  following 

Divisions.  Towns.  Rivers. 

1.  The  Kingdom  of  Prussia,  Konigsburg,  Pregal, 

2.  Polish,  or  Western  Russia,  Danlsic,  Vistula, 

3.  Part  of  Silesia,  Brcslaw,  Oder, 

4.  Electorate  of  Brandenburg,  Berlin,  Spree, 

6.  Part  of  Pomerania,  Stettin,  Oder, 

6.  Part  of  Lower  Saxooy,  Magdeburg,  Elbe, 

7.  Part  of  Westphalia.  Euibden.  Ems. 


Tbe  population  is  estimated  at  nine  millions ; and  in  tbeir 
manners  and  customs,  the  Prussians  resemble  their  German 
neighbours  They  are,  in  general,  industrious,  honest,  and 
brave. 
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The  religion  is  Protestant,  under  the  two  divisions  of  Luthe- 
ran and  Calvinistic;  though  by  its  recent  acquisitions  Prussia 
has  now  many  Roman  Catholic  subjects.  The  power  of  tbe 
clergy  is  iuconsidcrahlc.  Tbe  government  approaches  a mili- 
tary despotism,  supported  by  an  army  of  200,600  troops ; and 
the  perpetual  supply  of  recruits  for  this  force,  creating  a con- 
stant uncertainly  of  destination  for  life,  impedes  greatly  the 
national  education.  The  universities  are  those  of  Frankfort 
on  the  Oder;  Konigsberg  arid  Pasna  or  Pasen.  The  rhief 
towns  arc  Berlin,  the  capital,  containing  a population  of 
142.000  inhabitants  ; Konigsberg,  50,000  ; Brcslaw.  the  capital 
of  Silesia  ; Brandenburg;  Frankfort  on  the  Oder;  Magdeburg; 
Neufchatel ; Stettin,  and  Thom. 

The  manufactures  of  Prussia  are  chiefly  glass,  iron,  brass, 
paper,  woollen  cloth,  and  silk,  mostly  for  home  consumption; 
and  the  exports  arc  timber,  corn,  tallow,  skins,  It-Alber,  flax, 
hemp,  and  linens,  which  pass  for  Dutch  manufacture. 

In  general  the  climate  of  Prussia  is  cold  and  moist;  and  the 
lower  parts  of  Silesia  are  the  most  healthy.  Though  Prussia 
proper  is  fertile,  the  whole  district,  from  Berlin  to  Potsdam, 
resembles  a wilderness ; and  the  peasantry  are  oppressed  by 
taxation  and  levies  for  the  army. 

The  chief  rivers  are  the  Elbe,  the  Spree,  the  Havel,  the 
Oder,  the  Vistula,  the  Pregal,  and  the  Memel.  The  lakes  are 
the  Spclding-Sec,  and  the  estuaries  of  the  Oder,  the  Vistula, 
and  the  Memel,  called  respectively  tbe  Grass  Half,  the  Frisco 
Hnff.  and  the  Curische  HaflT.  The  mountains  are  chiefly  situ- 
ated in  Silesia,  and  may  be  considered  as  northern  branches  of 
the  Carpathian,  yet  in  the  north-west  part  of  Silesia,  the  Spits- 
berg  and  Graftzbcrg  arc  detached  mountains,  somewhat  less 
elevated  than  the  Carpathian  chain. 

Silesia, bordering  Hungary, presents  continuous  forests;  and 
the  forest  of  Masavia,  not  far  from  Warsaw,  is  a famous  haunt 
of  tbe  Urus,  or  wild  cattle  of  Lithuania.  Prussia  possesses 
some  iron  founderics;  coal  is  found  in  Silesia;  and  tbe  Sam- 
land  shore  of  the  Baltic  is  the  repository  of  amber. 

(Jrrmontf. — Germany  is  situated  in  the  middle  of  Europe; 
its  length  is  600,  and  its  breadth  600  miles.  This  country  is 
chiefly  remarkable  for  its  political  subdivisions  into  electorates, 
grand  duchies,  duchies,  marquisates,  principalities,  bishop- 
rics, and  free  cities.  These  arc  all  independent  states  united 
by  a political  tic,  under  tbe  title  of  Ibe  Germanic  Coj^federation. 

Tbe  commonly  received  division  of  Germany  is  into  nine 
parts,  called  circles  ; namely. 

Three  Northern.  Three  Middle.  Three  Southern. 

Westphalia,  Lower  Rhine,  Swabia, 

Lower  Saxony,  Upper  Rhine,  Bavaria, 

Upper  Saxony,  Franconia,  Austria. 

iVafe. — These  circles  arc  again  subdivided  into  principalities, 
electorates,  Ac.  among  more  than  200  independent  princes; 
but  Lubcck,  Frankfort,  Bremen,  and  Hamburg,  are  sovereign 
states,  governed  by  their  own  magistrates. 

The  climate  of  Germany  is  temperate,  inclined  rather  to 
cold  than  heat,  and  the  soil  is  rich  and  fertile  both  for  corn 
and  pasture. 

In  their  character  the  Germans  are  open  and  fire ; inured 
to  labour,  they  are  dexterous  in  manufactures,  fruitful  in  in- 
ventions, and  when  called  into  the  army  make  good  soldiers. 
The  population  is  twenty-five  millions,  and  the  army  400,000 
contingent  troops. 

The  religion  of  north  Germany  is  the  Reformed  or  Protestant, 
while  in  the  south  the  Roman  Catholic  faith  prevails.  And  the 
government  is  arislocratical,  but  its  chief  magistrate  may  be  of 
tbe  Catholic,  the  Lutheran,  or  the  Calvinistic  faith. 

The  chief  rivers  are  the  Elbe,  tbe  Weser,  the  Rhine,  and  tbo 
Danube.  The  chief  towns  are  Dresden,  Meissen,  Wllten- 
burg,  Magdeburg,  and  Hamburg,  on  the  hanks  of  the  Elbe : 
Bcvcrn,  Mindcn,  and  Bremen,  on  the  banks  of  the  Weser; 
Dusseldorf,  Coblentz,  Heidelberg,  on  the  Rhine;  Ulm,  Neu- 
burg,  Ralisbon,  Passau,  Vienna,  and  Presburg,  on  the  Danube  ; 
Munich,  Prague,  Stutgard,  and  Frankfort. 

Tbo  chief  lakes  are  those  ofPlau,  in  the  ducliy  of  Mecklen- 
burg; the  Baden-Sce,  or  lake  of  Constance;  and  tbe  Cliiem- 
See,  in  Upper  Bavaria.  The  mountains  are  those  of  the  Harts, 
forming  a fine  amphitheatre,  3000  feet  high  at  the  great  Broken, 
its  greatest  ridge;  the  Mindcn  Hills  in  Westphalia  ; the  Erzge- 
4 D 
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berg,  or  Metallic  Mountain,  extending  between  Bohemia  and  ' 
Hflxony,  and  supplying  silver,  tin,  and  other  metals  ; the  moun-  I 
tains  of  the  Bl.ick  Forest  ; the  Tyrolese  Alps  ; and  the  Carpa-  , 
thi an  chain.  The  Drotnling-wald  (forest)  is  to  the  north  of  [ 
Magdeburg;  the  Sollingc-wald,  arc  the  woody  mountains  of' 
the  Harts ; the  Luttcn-wald  is  the  Tburingian  forest;  in  the 
south  is  the  forest  of  Spessart ; the  Black  Forest  is  south  of 
the  Mayn  in  Swabia.  The  oak  is  the  prevailing  tree  in  all 
these  forests  ; and  the  wild  boar  feed*  on  its  fruit. 

The  chief  German  states  on  the  north  of  the  Mayn,  are 
Saxony,  Brunswick,  Lunenburg,  Hcssia,  Mecklenburg,  the 
duchy  of  Brunswick,  the  city  of  Hamburg,  some  smaller  slates, 
and  the  ecclesiastical  powers. 

Saxony. — In  this  division  the  Elector  of  Saxony  is  the  chief 
potentate,  and  his  dominions,  (which  include  Saxony  proper, 
Yoigtland,  in  the  south;  Lusatia,  in  the  east;  a part  of  Thu- 
ringia. in  the  west;  and  a part  of  Misnia  and  Hcncberg.) 
extend  from  east  to  west  200  miles,  and  from  north  to  south 
about  IDO  miles. 

The  religion  of  Saxony  is  the  Protestant;  the  bishopries  are 
Mcrscborg  and  Naumberg;  the  sovereign  can  issue  no  laws 
without  the  consent  of  the  nobles,  the  clergy,  and  the  burgesses, 
who  assemble  scxtennially  to  regulate  the  taxes  and  imposts; 
the  army  is  computed  at  24,000  men. 

The  chief  cities  are  Lcipsic,  the  celebrated  mart  of  German 
literature,  with  a population  of  30,000  inhabitants ; and  Dres- 
den, with  a population  of  00,000  inhabitants.  The  chief  manu- 
factures are  thread,  linen,  laces,  ribbons,  velvets,  carpets, 
paper,  colours,  glass,  and  porcelain. 

Saxony  is  famous  for  its  tin,  copper,  lead,  iron,  and  silver 
mines ; and  its  agricultural  products  are  both  numerous  and 
plentiful.  Indeed,  the  country  between  Meissen  and  Dresden 
rivals  the  north  of  Italy,  and  many  parts  of  Germany  are  in- 
debted to  it  for  hops,  flax,  hemp,  tobacco,  saffron,  madder, 
and  wine. 

The  Kingdom  of  Hanover. — The  electorate  of  Brunswick 
Luncnbcrg.  or  Hanover,  has  been  erected  into  a kingdom 
dependent  on  Great  Britain,  since  the  peace  of  Paris  in  1814. 
This  electorate  comprises  Luncberg,  Bremen,  Verden,  and 
Saxe  Luncnberg,  adjacent  to  Holstein,  on  the  north  bank  of 
the  Elbe.  In  tho  south  it  has  Calenburg,  and  GrubenUagcn ; 
in  the  west  Dicpholtz  and  Hoya ; and  Danueberg  in  the  east. 
Its  length  is  180  miles  from  cast  to  west,  and  about  100  from 
north  to  south. 

The  religion  is  Lutheran,  and  the  government  is  conducted  j 
by  a council  of  regency,  appointed  by  the  king  of  Great 
Britain. 

The  chief  towns  are  Hanover,  containing  about  10,000  inha- 
bitants: Gottingen,  7,000  souls;  Verden,  Luneburg,  Lunen- 
burg, Zell.  Eiubeck,  and  Osterode.  The  manufactures  are 
linen,  cotton,  and  broad  cloths ; the  exports,  metals,  linens, 
timber,  cattle,  and  grain  ; the  agricultural  products  arc  wheat, 
rye,  barley,  oats,  peas,  haricots,  flax,  hemp,  tobacco,  madder, 
fruits,  potatoes,  8tc. 

The  chief  rivers  are  the  Elbe,  the  Wcser,  the  Lcina,  the 
Aller,  the  Ilmcnau,  and  the  small  streams  of  Loha,  Latter, 
Fuse,  and  Sibcr ; and  there  are  a few  small  lakes,  as  those  of 
Dieplwitz  and  Stinbudder ; but  the  forests,  though  numerous, 
are  not  extensive. 

The  bishoprirk  of  Osnabruck,  in  Westphalia,  is  considered 
an  appendage  of  Hanover.  A prince  of  the  house  of  Hanover 
exercises  the  civil  and  criminal,  and  the  archbishop  of  Cologne, 
the  spiritual  superiority,  of  the  bishopric  of  Osnabruck,  whose 
inhabitants  are  computed  at  120,000  souls,  and  its  revenne  at 
£2(5.250  sterling. 

Hit te  Caste l.- -Hcssia,  or  Hesse  Casscl,  is  about  eighty 
miles  long,  and  about  the  same  in  breadth.  Its  inhabitants  are 
about  750.000  souls ; and  its  military  force  has  amounted  to 
12,000  men.  It  abounds  in  game  and  fish,  fossils  and  minerals ; 
silver,  copper,  lead,  fine  clays,  marble,  and  alabaster  are  also 
found  ; and  the  vales  are  diversified  with  vineyards  and  fields, 
fertile  in  corn  and  pasturage,  and  watered  by  the  Rhine,  the 
Mavn,  and  numerous  smaller  rivers. 

The  religion  is  the  Reformed;  and  there  are  three  orders  of  ' 
the  stale,  nobles,  clergy,  and  burgesses,  from  Casscl,  Marburg,  1 
and  some  other  towns.  The  universities  arc  tboso  of  Marburg,  . 


Rintelin,  and  Giessen.  Cassel  contains  about  22,000  inhabit- 
ants ; the  county  of  Hanau  about  100,000  souls. 

The  Duchy  of  Mecklenburg.— The  duchy  of  Mecklenburg  con- 
tains 4,800  square  miles,  peopled  by  376,000  inhabitants.  It  is 
divided  Into  Schiverin  and  (i astro,  celebrated  for  their  lakes, 
heaths,  and  marshes,  with  a sandy  soil  that  produces  only  rjc 
and  oats.  The  religion  is  Lutheran,  with  six  stiperintendsnts 
and  an  university  at  Rostock.  The  taxation  is  regulated  by 
tbe  states,  consisting  of  the  nobility  and  burgesses.  The 
manufactures  are  chiefly  wool  and  tobacco ; the  exports  by 
Lubec  and  Hamburg,  are  grain,  flax,  hemp,  hops,  wax,  honey, 
cattle,  butter,  cheese,  fruits,  feathers,  dried  geese,  tallow,  lin- 
seed, woo),  and  timber. 

Hamburg. — Hamburg,  tbe  third  city  of  Germany,  contains 

100.000  inhabitants,  who  are  ruled  by  an  aristocratic  senate  of 
thirty-seven  persons.  The  religion  is  tho  Lutheran.  Its  trade 
lies  in  linen  and  woolleu  cloth,  wines  and  sugars,  coffee, 
spiceries,  metals,  tobacco,  timber,  leather,  corn,  dried  fish, 
and  fnrs. 

The  Principality  of  Oldenburg,  fre. — The  principality  of  Olden- 
burg has  75,1100  inhabitants ; Pomerania,  now  the  property  of 
Denmark,  100,000 ; the  principality  of  Anhalt,  about  100,000; 
Nassau,  130,000;  Schwartxburg  in  Thuringia.  100,000;  Wal- 
deck,  80,000;  the  county  of  Lippe  in  Westphalia,  06.000;  the 
county  of  Rcuss,  86,000;  Frankfort  on  the  Mayn,  30.000;  and 
the  town  of  Papenbnrg,  with  its  3“ XX)  souls,  in  Bast  Friesland, 
belongs  to  the  Baron  of  Landsberg  Veelen. 

The  Ecclesiastical  States,  tfc.— The  ecclesiastical  states  are, 
1.  The  elector  of  Mcntz,  who  holds  the  city  of  Erfurth.  and 

15.000  inhabitants.  2.  The  elector  of  Triers,  or  Treves.  3.  The 
elector  of  Cologne.  4.  The  bishoprics  of  Munster,  Osna- 
bruck, Padcrborn  in  Westphalia,  and  Liege.  6.  The  bishop- 
ric of  Hildeshciro,  in  Lower  Saxony.  6.  Of  Fulda,  in  the 
Upper  Rhine:  and,  7.  Wurtzborg,  in  Franconia.  The  eccle- 
siastical electorates  contain  a population  of  300.000  inhabit- 
ants ; the  bishoprics  average  from  70,000  to  200.000  each. 

The  German  states  south  of  the  Mayn,  are,  the  electorate  of 
Bavaria,  conjoined  with  tbe  Palatinate,  the  duchy  of  Wirtem- 
berg,  those  of  Anspach  and  Salzia,  with  the  smaller  states  and 
tbe  ecclesiastical  powers.  The  preponderating  powers  in  the 
south  of  Germany,  arc  Bavaria  and  Wirlcmberg;  now  erected 
into  kingdoms. 

The  Kingdom  of  Bavaria. — The  kingdom  of  Bavaria  is  divided 
into  Upper  and  Lower,  and  what  is  called  the  Higher  Palatinate; 
tbe  first  is  a mountainous  country,  tho  second  champaign  and 
fertile;  but,  in  general,  the  country  is  woody,  interspersed  with 
lakes  of  various  sizes.  The  religion  is  Catholic  ; the  inhabit- 
ants about  two  millions;  the  revenue  £1,166,600;  tbe  military 
force  about  15,000  men.  The  chief  rivers  are  the  Danube,  the 
Inn,  tbe  Iscr,  the  Lech,  tho  Nab,  and  tbe  Ncckar.  Munich, 
the  capital,  is  tbe  most  elegant  city  of  Germany,  and  its  popu- 
lation amounts  to  38,000  souls.  Landshut  and  Strauben  are 
in  Lower  Bavaria;  Ratisbon  is  an  imperial  city;  Manbcim,  in 
the  Palatinate  of  the  Rhine,  contains  24,000  inhabitants  ; and 
Heidelburg  is  famous  for  its  wines.  The  states,  or  parliaments, 
arc  composed  of  the  clergy,  nobility,  and  burgesses.  The 
only  college  is  at  Ingolstadt,  but  Munich  has  an  academy  of 
sciences. 

The  Kingdom  of  Wirtcmburg. — Tbe  kingdom  of  Wirtcmburg 
contains  about  000,000  inhabitants,  and  nezt  to  Saxony,  is  the 
best  in  the  empire,  being  by  far  the  most  considerable  and  fer- 
tile part  of  the  circle  of  Swabia.  The  Black  Forest  supplies  it 
with  Umber  and  fuel,  and  tbe  castle  of  Wirtemburg,  in  the 
bailliage  of  Canstadt,  gives  name  to  tbe  kingdom.  The  re- 
ligion is  Lutheran,  and  the  church  is  ruled  by  lour  superinten 
dauts,  called  abbots,  and  thirty-eight  rural  deans.  The  chief 
city  is  Stutgard  ; and  Zubingen,  the  second  city,  is  celebrated 
for  its  university. 

Minor  Stairs. — Anspach,  or  Onolsbacb,  with  Bayreuth,  has  a 
populaUou  of  320,000,  on  2,300  square  miles  of  territory.  Tbe 
principality  of  Bayreuth,  or  Culmbacb,  with  Onolsbarh,  forms 
the  chief  power  of  Franconia,  now  annexed  to  tbe  sovereignty 
of  Prussia. 

The  margraviate  of  Baden,  situated  between  tbe  Rhine  and 
the  kingdom  of  Wirtemburg,  is  fertile  in  wine,  corn,  and  fruit, 
and  has  abundance  of  fish,  wood,  and  game.  Tbe  population 
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is  estimat'd  at  300,000  inhabitants;  and  the  city  of  Nuremberg 
contains  30,000  souls. 

Salzia.  and  the  archbishopric  of  Saltzburg,  possesses  a 
population  of  260,000  soots,  peopling  2,880  square  miles.  This 
see  was  founded  in  716.  by  St.  Rupert,  an  Englishman,  and  the 
archbishop  is  primate  of  all  Germany. 


Saltzburg  has  20,000  inhabitants,  and  the  archbishopric 
sways  many  fair  lordships  in  Austria,  Stiria,  and  Carinthia. 
The  sees  south  of  the  Main,  are:  1.  The  archbishopric  of 


8altzburg.  2.  The  bishoprio  of  Wurtzburg.  3.  Brnroburg, 
containing  180,000  souls.  4.  Speyr,  or  Spire,  60,000  inha- 
bitants. 6.  Aichstott,  in  tho  southern  corner  of  Franconia.  6. 
Augsburg,  in  Suabia.  7.  Constance.  8.  Strasburg.  9.  Kemp- 
tin,  Buchau,  and  Lindau,  Abaliat  territories;  with  the  priory  of 
Eilsvangen.  10.  The  bishopric  of  Passau,  in  Bavaria,  with  a 
population  of  26,000.  11.  That  of  Freysingen,  with  the  lerri- 

tory  of  Wendcnfels,  near  the  Rhaetian  Alps,  contains  23,000 
souls  : and  12.  The  bishopric  of  Ratisbon. 

Austria.— The  Austrian  dominions  border  those  of  Russia 
and  Turkey  on  the  east ; Prussia,  Upper  Saxony,  Bavaria, 
and  Swabia,  bound  them  on  the  north ; Swisserland,  and  tho 
Italian  states,  skirt  their  southern  limits.  In  length  760,  in 
breadth  620  miles.  The  contents  in  square  miles  are  184,00  ); 
and  there  are  184  inhabitants  to  every  square  mile.  Venetian 
Dalmatia,  and  some  Italian  territory,  has  fallen  to  the  lot  of 
Austria,  whose  population  is  now  about  30,000,000.  The  Aus- 
trian dominions  comprehend : 


- C **  Eft*  »— * 

c.  ..  < Duchy  of  Stiria,  Grata,  Muchr. 

Carniola,  Lay  bach.  Lay  bach. 

including  ( Carinthia,  Clagenfurt,  Olaa. 

2.  The  kingdom  of  Bohemia,  Prague,  Danube 

3.  Moravia,  { 

4.  Part  of  Silesia,  Troppau,  Oppa. 

5.  Part  of  Bavaria,  cast  of  the  Inn. 

r Upper  Hungary,  Presburg,  Danube. 

6.  Hungary,  ) Lower  Hungary,  Buda,  or  OITcd, 

including  j Sdavonia,  Eszcg,  Drave. 

v Croatia,  Carlstadt,  Culp, 

7.  Transylvania,  Hcrmanstadt. 

rLtitzi0*'*'  {“in  b“- 

rDw  BugbC  S k°dominia,  Cracow,  Vistula. 

The  established  religion  is  the  Roman  Catholic,  but  the 
government  is  exceedingly  tolerant  of  all  religious  persuasions ; 
for,  in  Moravia  and  Bohemia,  Protestants  of  various  sects 
abound  ; and  the  Lutherans  are  little  inferior  in  number  to  the 
Romanists.  The  government  is  absolute  monarchy,  supported 
by  an  enormous  military  force  of  above  300.000  men.  The 
revenue  is  computed  at  10,000,000  sterling,  and  the  national 
debt  at  40,000,000  sterling.  Tire  Austrians  are  reserved,  but 
civil ; and  their  women,  though  elegant  in  their  manners,  are 
destitute  of  those  mental  accomplishments  which  give  the 
females  of  France  and  Britain  such  an  ascendancy. 

Hungary  has  an  aristooratical  senate  ; and  Austria  its  states, 
consisting  of  the  four  orders  of  clergy,  peers,  knights,  and  bur- 
gesses. The  laws  are,  however,  mild  and  salutary  ; but  while 
the  Austrians  live  contented,  the  Hungarians  are  too  often 
dissatisfied  with  their  masters,  and  disposed  to  anarchy.  The 
universities  are  those  of  Vienna,  Prague,  Inspruck,  Gratz, 
Buda,  Debretzin,  and  Erlau. 

The  chief  cities  and  towns  are,  Vienna,  the  capital  of  the 
Austrian  dominions,  on  the  south,  or  rather  the  west  side  of 
the  Danube,  containing  about  264,000  inhabitants  ; Prague, 
the  capital  of  Bohemia,  containing  80,000;  Oratz,  the  capital 
of  Stiria,  36,000  souls ; Presburg,  the  capital  of  Hungary, 
270,000  inhabitants;  Buda,  20,000;  Lemberg,  or  Leopold,  in 
Poland,  20  000;  Cracow,  the  ancient  rapital  of  Poland,  24,000; 
Brun,  in  Moravia,  18,000;  Olmutz,  in  the  same  country,  12,000; 
Troppau,  in  Austrian-Silcsia.  12,000;  Inspruck  and  Trent, 
each,  10.000;  and  Trieste,  18  000. 

The  climate  of  Austria  is  mild  and  salubrious;  but  the  air  of 
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Hungary  is  damp  and  cold,  from  numerous  lakes  and  morasses. 
The  general  outline  of  the  Austrian  territory  is  finely  variegated, 
and  sufficiently  irrigated  for  every  species  of  European  vege- 
table product.  And  the  soil  is  fertile  and  productive,  notwith- 
standing the  general  neglect  of  agriculture. 

The  chief  rivers  are  the  Elbe,  the  Danube ; the  Tie**,  which 
falls  into  the  Danube  near  Belgrade ; the  Save,  which  forms 
the  boundary  between  Austria  and  Tnrkev ; the  Drave,  which 
joins  the  Danube  below  Eszeg;  and  the  Inn,  which  joins  the 
Danube  at  Passau.  The  Raab  and  the  Ley  tha  are  intermediate 
streams  between  the  Drave  and  the  Inn.  The  Mulda  joins  the 
Elbe  near  Mclnich ; and  the  Morau  joins  the  Danube  not  far 
from  Procoburg.  The  principal  lakes  arc  thosoofTraun  and 
Ebernsec,  in  Austria  Proper  ; Clagenfurt,  in  Carinthia ; the 
Cirknitz-sce,  in  Carniola ; the  Platten-sec,  in  Hungary,  abound- 
ing with  fish;  the  Neusidler,  in  the  vicinity  of  Eisenstadt; 
Palitzen,  on  the  east  of  tho  Ticss  ; and  tho  Tscgc  Zo,  in  Tran- 
sylvania. The  lake  of  Girknitzis  a complete  natural  curiosity, 
eight  miles  long  by  four  broad.  In  the  month  of  June,  the 
water  descends  under  ground,  through  numerous  crevices  in 
the  bottom ; but  in  September  it  again  reasccnds  with  consi- 
derable violence,  thus  yielding  rich  pasturage  in  summer,  and 
an  abundance  of  fish  in  winter. 

The  chief  mountains  arc.  the  Rhaetian,  or  Tyrolese  Alps; 
the  Brenner  mountains,  or  Rhaetian  Alps ; the  glaciers  of  Ver- 
ncr,  west  and  north  of  Inspruck;  the  Lobcl  mountains,  which 
separate  Carinthia  and  Carniola;  and  the  Julian,  or  Carnic 
Alps,  which  divide  Carinthia  from  Italy.  The  Carpathian 
mountains,  900  feet  high,  which  hound  Hungary  on  the  north 
and  east;  and  the  Sudctio  chain,  which,  branching  from  the 
Carpathian,  divides  Bohemia  and  Moravia  from  Silesia,  and 
the  Prussian  dominions. 


The  forests  in  Austria  are  both  numerous  and  extensive, 
clad  with  elm,  lime,  birch,  and  aider  trees;  oak,  chestnut,  and 
beech  trees ; the  black  and  white  poplar,  and  aspen ; syca- 
mores and  maples  ; the  ash,  the  pine,  the  fir,  and  the  larch. 
Horses  run  wild  in  these  forests  ; the  cattle  are  of  a slaty-blue 
colour;  the  Hungarian  sheep  have  long  erect  spiral  horns,  and 
hairy  fleeces.  The  urus,  or  bison,  ranges  the  forests  of  Carpa- 
thia ; the  bear,  the  boar,  the  wolf,  the  chamois,  the  marmot, 
and  the  beaver,  are  among  the  numerous  wild  quadrupeds. 

The  Kingdom  of  tke  Netherlands. — This  kingdom,  comprising 
Holland  and  the  Low  Countries,  was  erected  into  a sove- 
reignty, by  the  treaty  of  Vienna,  in  1815.  Holland  is  composed 
of  seven  provinces,  called  after  the  following  names,  with  their 
chief  towns ; 

The  Provinces  of  Chief  Towns  and  Rivers. 

Holland, Amsterdam,  and  the  Hague. 


Ovcryssel, 


< Derventer,  on  the  river  Ysscl,  and 
| Zwoll  on  the  river  Aa. 


Zealand Middleburg,  on  the  isle  of  Walcboren. 

Friesland, Lee  warden  canal. 


Utrecht,  .Utrecht,  on  the  Rhine. 


Groningen Groningen  canal. 

Gneldcrland ...Arnheim,  on  tbc  Rhine 


Zutphen,. Zutphcn,  on  the  Ysscl. 

These  provinces,  with  the  Netherlands,  and  the  duchy  of 
Luxemburg,  comprise  the  most  fertile  countries  in  Europe, 
inhabited  by  7,000,000  of  wealthy  and  industrious  people.  The 
Dutch,  like  all  plain-dealing  people,  are  ceremonious,  rather 
than  polite;  and  in  distinction  to  a Parisian  the  Hollander 
seems  to  say,  “ I would  rather  he  unmannerly  than  trouble- 


some. 

The  Protcstant-Calvinistic  religion  prevails  in  Holland  ; but 
in  the  Netherlands  there  are  numerous  Roman  Catholic  fami- 
lies ; and  there  are  not  a few  Lutherans  amt  Jews  to  be  met 
with.  The  colonics  are  situate  in  the  East  and  West  Indies, 
and  at  the  Cape  of  Good  Hope.  The  army  may  be  computed 
at  60,000  troops  in  war-time,  and  the  navy  once  amounted  to 
about  forty  ships  of  the  line. 

At  Rotterdam,  Breda,  Middleburg,  and  Groningen,  there 
are  very  celebrated  Latin  schools  ; Leyden,  Utrecht,  Hardcr- 
wyek,  Tranecker,  and  Groningen,  are  famous  for  their  univer- 
sities ; Amsterdam  and  Deventer  have  two  inferior  colleges; 
and  Haerlem  is  noted  for  its  academy  of  sciences.  The  chief 
cities  and  towns  are,  Amsterdam,  whose  population  amounts  to 
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212,000  soul*,  and  its  haven  is  one  forest  of  masts;  Leyden, 
containing  AO, 000  inhabitants;  Rotterdam,  48,000;  Haerlem, 
40,000;  the  Hague,  though  esteemed  only  a village,  30,000  ; 
Middiebtirg,  in  Zealand,  30,000  ; and  Utrecht,  Delft,  Dort,  and 
Groningen,  each  about  20,000  inhabitants. 

No  country  in  Europe  boasts  an  equal  inland  navigation 
with  Holland  ; n circumstance  easily  accounted  for  by  the  fact, 
that  the  land  is  almost  every  where  lower  than  the  sea,  which 
is  kept  out  by  dams  and  dykes.  A country  so  low,  and  from 
its  abundant  inland  navigation  so  level,  must,  of  necessity, 
possess  a humid  and  cold  climate;  and  where  the  combination 
of  land  and  water,  with  scanty  elevations  of  barren  sand,  is 
very  intimate,  we  cannot  expect  that  agriculture  will  be  consi- 
derable, though  the  pasturage  may  be  rich,  and  even  abundant. 
Hence  Holland  is  the  country  for  the  manufacture  of  butter; 
and  so  scrupulous  are  the  good  women  about  their  cows’ 
warmth  and  cleanliness,  that  it  is  no  uncommon  thing  to 
ace  whole  herds  in  the  meadows  clothed  with  mantles  and 
coverlets. 

The  chief  rivers  arc  tbo  Rhine  and  the  Meuse ; and  the  chief 
lake  is  the  sea  of  Haeilem. 

Flanders,  an  integral  part  of  the  kingdom  of  the  Netherlands, 
is  about  180  miles  long,  reckoning  from  the  eastern  limit  of 
Luxembourg  to  Oslend,  and  120  in  breadth,  from  the  northern 
boundary  of  Austrian  Brabant  to  the  most  southern  limit  of 
Hainault;  covering  a surface  of  7.A20  square  miles,  and  peo- 
pled  by  1.900.000  inhabitants.  The  religion  is  the  Roman 
Catholic,  and  the  bishoprics  arc  those  of  Bruges,  Antwerp, 
Ghent,  tic. ; in  nil  nine,  under  the  archbishopric,  or  metro- 
politan see  of  Mechlin.  Religious  pageantry  dazzles  the  un- 
lettered devotee.  The  universities  of  Tournay,  Douay,  and  SL 
Omer,  have  long  been  famous.  The  chief  cities  and  towns  are, 
Brussels,  containing  80,000,  Ghent  00,000,  Antwerp  60,000, 
Mons  25,000,  Bruges  20,000,  Namur  20,000,  Luxembourg 
12,000,  Koermond  10,000,  and  Limboarg,  8,000  inhabitants ; 
Sluys,  nnd  Ostend.  Brussels  is  celebrated  for  its  manufacture 
of  lace;  Ghent  for  ita  Venetian  site,  being  built  on  a number 
of  little  islands  ; Antwerp  as  the  chief  mart  of  Flemish  com- 
merce;  and  Cambrny  is  renowned  for  its  cambrics. 

The  climate  is  more  remarkable  for  moisture  than  for  warmth; 
but  agriculture  flourishes  well,  and  the  Netherlands  yield  not 
to  Lombardy,  or  England,  in  the  essentials  of  good  husbandry. 
The  chief  rivers  are,  the  Rhine;  the  Meuse,  or  Maes;  the 
Scheldt ; the  Pyle,  and  the  Nethe.  Tbc  forest  of  Soigne  is  in 
Brabant ; and  the  remains  of  the  ancient  forest  of  Ardennes 

fervade  Hainault  and  Luxembourg,  from  Valeuciennea  to 
reves. 

France. — This  country,  600  miles  in  length  from  north  to 
south,  and  660  in  breadth  from  east  to  west,  was  formerly 
divided  into  provinces ; but,  since  the  revolution.it  has  been 
divided  into  departments.  The  following  tablo  contains  both 
divisions. 


Province. 

Department. 

City. 

Direr. 

Flandrc 

Frantjoisc 

Artois 

* Nord 

Lille 

Deule 

Pas  du  Calais  Arras 

Scarpe 

Picardie 

Somme 

Amiens 

Somme 

/ Bas  Seine 

Rouen 

Seine 

\ Calvados 

Caen 

Orne 

Normandie 

•;  Manche 

Coutanccs 

i Orne 

Alen<jon 

Sarte 

(.Eure 

Evreux 

Iton 

/'Seine 

Paris 

Seine 

Isle  de 
France 

1 Seine  St  Oise 

Versailles 

Seine 

< Oise 
y Aisne 

Beauvais 

Laon 

Thcrain 

v Seine  fit  Marne  Melun 

Seine 

C Marne 

\ Ch&lons-sur- 
[ Marne 

Marne 

Champagne 

Ardennes 

Mezi  fires 

Meuse 

y Aube 

Troyes 

Seine 

v Haute  Marne 

Chaumont 

Marne 

/ Meuse 

Bar-lc-Duc 

Omnia 

Lorraine 

1 Moselle 

Meats 

Moselle 

"l  Meurthe 

Nancy 

Meurthe 

V Vosges 

Epical 

Moselle 

ftswr. 

Dtfmrlmmt. 

««r- 

R)i«. 

Alsace 

i Haul  Hhiu 

Colmar 

Fctclit  fit  Lauch 

\ Bas  Khin 

Strasburg 

Bhine 

/'Hie  fit  Vilaine 

Rennes 

Vilaine 

lCAtes  du  Nord  St.  Brieux 

Near  the  Sea 

Bretagne 

< Finisterre 

Quiraper 

Oder 

y Morbihan 

Vannes 

Sea-port 

(.Loire  Infre 

Nantes 

Loire 

Maine  et 

l Sartbe 

Le  Mans 

Sarte 

Percbe 

( May  enne 

Laval 

Mayennc 

Anjou 

i May  enne  and  ) 
1 Loire  S 

Angers 

Maycnne 

Touraine 

Indrc  fit  Loire 

Tours 

Loire 

r Loiret 

Orleans 

Loire 

Orleannois 

< Eure  fit  Loire 

Chartres 

Eure 

( Loire  fit  Cher 

Blois 

Loire 

Bern 

( Indre 

Chfileauroux 

Indre 

l Cher 

Bourges 

Eure 

Nivcrnois 

Nievre 

Nevers 

Loire 

Bourgogne 


F rancho 

Comte 


Marche 


Yonne 
CAtc  d'Or 


/•ion 

)CAt< 

> Sh6 
(.Ain 


Auxerre 

Dijon 


SaAnc  & Loire  Mi^on 
Ain  Bourg 

Haute  Sa6ue  Vesoul 

Besarujon 
( Lons-lc-Sau- 
( nier 
S Fontcnay-le- 
\ peuple 
Niort 
Poitiers 


tDoubs 
Jura 
[ Vendee 


Limoge 


longe,  ^ 
nprising  :• 
ois  3 


Bourbonnois 
Saintonge, 

comj 

Auuis 
Angoumois 

SB?* 

Saintonge 
Auvergne 
Lyonnois, 
Forfit  fit 
Beuujolcis 
Daupbinfi 


Deux  Sevres 
Vienne 
Haute  Vienne 
comprising 
part  of  Li- 
mosin  J 
Creuso  Gufiret 

rCorrfize,  com- 
) prising  part  (Tul|. 
1 of  Haute  Vi-  (Tu,le 
k enne  J 

AJ  tier 
Charenfe 
Inffiricure 


Moulins 

Salutes 


Yonne 

Ouche 

Saone 

Ressouze 

Doubs 

Valliere 


Sevres 

Claiu 

Vienne 

Creuae 

Corrfise 

Allier 

Charante 


Angoulcme  Charante 


i Pay  de  Dflmc  Clermont 


! Cantel 
( RhAnc 
-v  Loire 
( hire 

S Hautes  Alps 
( DrAmc 
'Dordogue 
Gironde 


St.  Flour 
Lyon 

Montbrison 

Grenoble 

Gap 

Valence 

Perigueux 

Bordeaux 


Gyenne. 

compre- 

hending 

Gascogne 


Bearno 
Comte  de  Foix  Arricge 
Roussillon  {PS£J“. 


Languedoc 


I Lot  & Garonne.Vgen 
Lot  Cahors 

Aveyron  Rhodez 

Gers  Auch 

( Mont-de-Mar- 
( san 
Hautes  Pyrfinfies  Tarbc 
Basses  Pyrfinfies  Pau 


! Landes 


RhAne 

hire 

Rh6ne 

lUe 

Gironde 

Garonne 

Lot 

Aveyron 

Gers 

Douze 

Adour 

Le  Cave  de  Pau 


Taras^on 

Arricge 

Perpignan' 

Tot 

e Toulouse 

Garonne 

Carcassonne 

Aude 

Castres 

Agout 

Vistre 

Nimes 

Mende 

Lot 

Privas 

Near  the  RhAne 

Le  Puy 
Montpellier 

Borne 
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Province. 

Department. 

City. 

River. 

Provence 

r Douche*  du 
j Rhone 
j Basses  Alps 

| Aix 
Pigne 

Arc 

vVnr 

Toulon 

Mcditcr.  Sea 

Corsica 

t Goto 

Uastia 

l Liatnone 

Ajaccio 

et  Uastia 

The  conquest#  made  by  Franco  during  tbe  late  wars,  from 
1 7fr>  to  1814,  arc  not  integral  parts  of  her  dominions  ; as  most 
of  them  have  been  given  up  to  their  parent  slates. 

The  islands  belonging  to  France,  are  the  isles  of  Hiercs, 
near  Toulon,  which  arc  the  same  as  Homer’s  isle  of  Calypso, 
in  the  Mediterranean  ; the  isles  of  Rhe,  Bel  lei  si  e,  and  Oleron, 
near  Rochelle,  are  in  the  bay  of  Biscay.  Corsica  is  the  birth- 
place of  Napoleon  Buonaparte. 

The  established  religion  in  France  is  the  Roman  Catholic  ; 
but  the  Gallican  Church  is  more  independent  of  the  See  of 
Rome  than  that  of  any  other  country  professing  the  same  faith. 
Before  the  revolution,  there  were  in  France  17  archbishops, 
750  great  convents  of  monks,  and  '200  nunneries : the  monks 
and  nuns  were  reckoned  200,000,  and  the  revenues  of  the  clergy 
and  religions  houses  six  millions  sterling. 

The  government  is  an  hereditary  monarchy,  confined  to  the 
male  branches  of  the  house  of  Bourbon,  in  the  succession  of 
Charles  X.;  then  the  Duke  of  Angoulcme;  the  Duke  of  Bour- 
draiix,  son  of  the  Puke  dc  Berri ; the  Puke  of  Orleans,  and 
his  sons;  Prince  of  Conrin,  4!tc. 

The  population  is  estimated  at  .11  millions;  and  the  army  at 

250.000  men  ; the  navy  is  inconsiderable  ; the  revenue  is  about 
25  millions  sterling.  The  French  in  their  manners  possess  a 
singular  degree  of  vivacity  and  gaiety,  and  frivolity  of  dispo- 
sition ; and  their  politeness  is  the  result  of  affectation  and 
pride,  rather  than  of  physical  purity  and  tutored  elegance. 

In  some  branches  of  experimental  philosophy  the  French 
have  made  considerable  progress,  but  in  regard  to  mechanics, 
and  tire  application  of  machinery  in  abridging  labour,  they 
have  always  been  the  pupils  of  the  British.  The  universities 
of  France  were  formerly  those  of  Pouay,  Caen,  Paris,  Rheims, 
Nanci,  Strasbourg,  in  the  north;  Nantes,  Angers,  Poitiers, 
Orleans,  Bourgrs.  Dijon,  Besan^on,  in  the  middle  ; and  Bour- 
dcaux.  Pan,  Perpignan,  Toulouse,  Montpellier,  Aix,  Orange, 
and  Valence,  in  the  south. 

The  chief  cities  arc,  Paris,  the  capital,  with  a population  of 

600.000  inhabitants  ; Lyons,  100,000.  and  famous  for  its  manu- 
factures of  articles  of  luxury  ; Marseilles  and  Bourdeaux,  each 
peopled  with  about  80,000  inhabitants ; Lisle,  noted  for  its 
fortifications,  boasts  a population  of  60,000  inhabitants  ; Ami- 
ens, 40,000;  Kouen,  the  capital  of  Normandy.  72.000;  Brest, 
the  chief  maritime  arsenal,  30,000  ; Nantes,  56,000;  Orleans, 
40.000;  Strasbourg,  40,000  ; and  Thoulouse,  50,000  souls. 

The  inland  navigation  of  France  is  confined  to  the  canal  of 
Briare,  or  Burgundy ; the  canal  of  Orleans ; the  canal  of 
Picardy ; and  that  of  Languedoc,  planned  and  executed  by 
the  engineer  Riquet,  during  the  ministry  of  Colbert,  in  the 
reign  of  Louis  XIV. 

In  regard  to  its  climate,  France  may  he  divided  into  three 
regions  : the  bleak  air  of  the  north  ; the  salubrious  atmosphere 
of  the  middle  region  ; and  the  gcoiai  south,  so  inviting  to  in- 
valids from  Brituin.  The  north,  west,  and  interior  of  France, 
arc  diversified  with  rivers,  canals,  forests,  and  mountains  ; but 
in  general  tbe  plain  predominates.  Cornwall  finds  its  rival  in 
tbe  gravelly  heaths  of  Britany  ; from  Flanders  lo  Orleans  a 
rich  loam  prevails,  like  what  we  meet  with  in  Middlesex,  and 
the  adjacent  counties:  the  mountainous  region  of  the  south  is 
fertile;  and  the  common  products  are  corn,  grapes,  fruits, 
olives,  tobacco,  hemp,  tlax,  silk,  manna,  and  saffron. 

The  chief  risers  are  the  Seine,  the  Loire,  the  Rhone,  the 
Garonne ; and  the  lakes  arc  those  of  Provence,  among  the 
Vosges  of  Alsace,  and  some  other  provinces.  The  mountains 
are  those  of  Britany,  the  Vosges,  Mount  Jura,  the  Alpine 
ridge*  of  Dauphin^ ; the  Ccvenncs,  about  6000  feet  high  ; and 
the  Pyrenees.  The  forests  are  Orleans,  Ardennes,  tbe  former 
the  retreat  of  banditti,  tbe  latter  renowned  for  deeds  of  chivalry; 
nnd  the  forest  of  Fontainebleau.  The  desert  of  La  Crau,  com- 
prising a plain  of  150,000  acres,  of  Provence,  is  entirely  com- 


posed of  round  gravel,  or  shingle,  than  which  the  sea  shore  is 
not  more  barren. 

Spain. — Spain,  from  west  to  east  is. about  600  miles  long, 
and  from  north  to  south  the  breadth  is  reckoned  600  miles ; 
and  situated  between  the  36th  and  44th  degrees  of  north  lati- 
tude ; the  climate  is  delightful  and  the  soil  luxuriant. 

The  population  is  estimated  at  It  millions;  the  army  at 
60,000 ; and  the  revenue  at  five  millions  and  a half  sterling. 
The  government  is  absolute  and  hereditary  monarchy.  Spain 
is  at  present  divided  into  22  provinces  for  the  crown  of  Castile, 
and  four  for  Arragon.  Those  for  Castile  arc,  the  kingdom  of 
Gallicia,  the  provinces  of  Burgos,  Leon,  Zamora,  Salamanca, 
Estremadura.  Valencia.  Valladolid,  Segovia.  Avila,  Toro, 
Toledo,  La  Mancha,  Murcia,  Guadalaxara,  Cuenca,  Soria, 
Madrid,  and  Andnhisia.  The  four  for  Arragon  were  formerly 
the  Moorish  kingdoms  of  Seville,  Cordova,  Jacn,  and  Grenada. 
The  most  common  and  generally  received  division  of  Spain  is 
as  follows : 

Kingdom*.  Capitals. 

The  kingdom  of  Gallicia,  ....  St.  Jago  di  Compostella. 

The  principality  of  Asturias,  Oviedo. 

The  lordship  of  Biscay, ......  Bilboa. 

The  kingdom  of  Navarre,  ....  Pantpeluna. 

Tbe  kingdom  of  Leon Leon. 

The  kingdom  of  Old  Castile,. . Burgos. 

The  kingdom  of  Arragon Saragossa. 

The  principality  of  Catalonia,  Barcelona. 

The  province  of  Estremadura,  Badajos. 

The  kingdom  of  New  Castile,  Madrid. 

The  kingdom  of  Valencia Valencia. 

The  kingdom  of  Andalusia,  . . Seville. 

The  kingdom  of  Murcia, Murcia. 

The  kingdom  of  Grenada, . . . Grenada. 

The  Islands  of 

fir”’ h«  AncicnlOIlT”- 

Minora" S Ualcar“  < I>„,t  ’Mnlion. 

The  chief  rivers  are  the  Ehro,  the  Douro,  the  Tagus,  the 
Guadiana,  and  the  Guadalqnivcr ; the  Bidasoa  and  the  Tinto. 
And  among  the  lofty  mountains  of  this  country  we  may  enu- 
merate tho  Pyrenees,  the  Cantabrian  mountains,  the  Mountain 
of  the  Sierra  Molina,  the  Sierra  Morena.  the  Sierra  Nevada, 
Montserrat,  and  Gibraltar.  The  Ehro  falls  into  the  Mediter- 
ranean. the  Douro  into  the  Atlantic  at  Oporto,  the  Tagus 
into  tbe  Atlantic  at  Lisbon,  the  Guadiana  into  tho  Bay  of 
Cadis,  the  Gundalquiver  into  the  Atlantic  at  St.  Lncar,  the 
Bidasoa  separates  France  and  Spain,  and  the  Tinto,  or  Yellow 
Stream,  empties  itself  into  the  Mediterranean  at  Huelva.  The 
Pyrenees  separate  France  from  Spain  ; the  Cantabrian  moun- 
tains extend  from  Koneevalles  to  Cape  Finisierre  ; the  Molina 
separate  Old  from  New  Castile;  the  Morena  divides  Castile 
and  Estremadura  from  Andalusia ; the  Nevada,  or  Snow 
Mountains,  run  east  and  west  through  Grenada  ; Montserrat 
is  330<)  fret  high,  and  30  miles  from  Barcelona  : nnd  Gibraltar, 
the  Calpe  of  the  ancients,  is  the  key  to  the  Mediterranean, 
held  by  Great  Britain. 

The  chief  cities  and  towns  in  the  kingdom  of  Gallicia  are, 
St  Jago,  Corunna,  Ferrol,  Moldonedo,  Lugo.  Ortense,  and 
Toy.  In  Asturias  are  Oviedo,  Santillana,  Aviles,  and  St.  Vin- 
cent. In  Biscay  are  Bilboa,  Tolosa,  Vittoria.  and  Malaga.  In 
Andalusia  arc  Seville,  Cordova.  Cadiz,  and  Xeres.  In  Old 
Castile  are  Burgos  and  Valladolid.  Iri  Navarre  are  Pampe- 
luna, Olita,  Tudela,  Estrlla,  and  Sangucs.  Saragossa,  Terra- 
cona,  Hucsca,  Bulbastro,  Teruel,  Ainsa,  and  Jacn.  are  in 
Arragon.  Catalonia  is  celebrated  for  the  most  industrious 
inhabitants  of  Spain,  and  their  chief  towns  are,  Barcelona, 
Montencllo,  Tarragona,  and  Roses,  anciently  called  Rhodope. 
In  Valencia  are,  Valencia.  Monviedro,  Gandia,  and  Alicant. 
Murcia  and  Castigna  are  in  the  kingdom  of  Murcia.  In  Gre- 
nada arc,  Grenada,  Soria,  Segovia,  Madrid,  and  Toledo.  In 
Leon  are,  Leon,  Salamanca,  Zamora,  and  Ciudad  Rodrigo.  In 
Estremadura  are.  Merida.  Badajos,  and  Placentia. 

Though  the  climate  be  generally  healthy,  the  sotano,  a 
noxious  wind,  which  blows  from  the  south-east,  produces  a 
sensation  bordering  on  madness ; but  its  duration  seldom 
exceeds  three  days.  And,  except  in  the  two  Castile*,  the  soil, 
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so  peculiarly  fertile,  abounds  in  excellent  pastures,  vineyards, 
groves  of  orange  and  lemon  trees.  The  horses  have  long  been 
celebrated  for  their  Arabian  beauty  and  flectncss ; and  the 
sheep  called  Merinos  yield  the  government  Rn  annual  proGt  of 
£1,666,606  sterling.  Wolves,  bears,  and  locusts,  are  com- 
mon in  Spain ; it  is  celebrated  also  for  its  hares,  partridges, 
pheasants,  and  game  of  various  kinds. 

The  Spaniards  are  proud  and  cold  upon  a first  introduction 
to  strangers,  but  possess,  on  acquaintance,  both  urbanity  and 
vivacity  under  this  repulsive  exterior.  Their  sobriety  and 
temperance  are  proverbial ; and  the  grandees  and  nobles  live, 
in  general,  in  a state  of  much  simplicity,  without  parade  or 
ostentation ; but  upon  particular  occasions  they  display  a 
splendour  and  magnificence  not  to  be  equalled  by  the  nobility 
of  any  other  kingdom.  They  are  fond  of  theatrical  amuse- 
ments, bull-fights,  and  dancing. 

The  religion  is  the  Homan  Catholic,  and  the  inquisition  has 
reigned  with  exorbitant  power.  The  archbishops  are  eight, 
the  bishoprics  are  forty-six ; and  the  clergy  and  religious 
persons  are  computed  at  168,625!  exempt  from  the  usual 
avocations  of  life.  The  Spanish  people  had  embraced  a free 
constitution,  and  re-established  their  parliament  or  Cortes ; hut 
their  ungrateful  monarch,  by  the  help  of  French  bayonets,  has 
remounted  an  absolute  throne,  and  ecclesiastical  domination 
has,  at  the  same  time,  resumed  its  tyranny  over  the  public 
mind. 

Portugal. — Portugal,  the  most  westernly  country  of  Europe, 
is  about  360  miles  long,  and  120  broad  ; and  the  population  is 
about  two  millions  and  a half.  The  religion  is  Homan  Catholic, 
the  government  absolute  and  hereditary  monarchy ; but  the 
royal  family  have  emigrated  to  Brazil.  and  Portugal  now  is 
governed  by  a viceroy!  Portugal  is  divided  into  six  pro- 
vinces, ri*. — 1.  Entrc  Douro  c Minbo.  2.  Tra  los  Montes.  3. 
Beira.  4.  Estremadura.  5.  Alentcjo.  6.  Algarva. 

The  chief  colonics  are  Brazil,  Madeira,  and  some  settle- 
ments on  the  coast  of  Africa,  with  Goa  and  Macao  in  the 
East  Indies. 

The  army  is  computed  at  24,000  men  ; the  naval  power  thir- 
teen sail  of  the  line,  and  fiflren  frigates  ; and  the  revenue  two 
millions  sterling.  The  Portuguese  are,  in  general,  an  elegant 
people ; the  peasantry  are  miserable  vassals  of  the  nobility, 
whose  prejudices  arc  pernicious  and  impolitic. 

The  chief  cities  and  teams  are,  Lisbon,  the  capital,  with  a 
population  of  900,000  inhabitants;  Oporto,  30,000;  Braga, 
Coimbra,  Ivora,  and  Tavora.  The  climate  is  excellently  salu- 
brious, and  the  country  is  generally  fertile,  abounding  in  vine- 
yards, groves  of  orange  and  lemon  trees,  but  agricnlture  is 
little  cultivated. 

The  chief  rivers  are  the  Tagus,  the  Mondcga,  the  Toro,  and 
the  Cadaon.  And  the  mountains  are  those  of  Idubeda,  pass- 
ing the  town  of  Guarda ; the  chain  of  Arrabcda,  in  Extrema- 
dura ; and  the  chain  of  Alentejo,  running  between  the  city  of 
Ivora  and  the  town  of  Estramas;  and  Cintra,  near  Lisbon. 
The  Portuguese  islands  are,  the  Azores,  comprising  the  isles 
of  St.  Michael  Tercera,  Pico,  or  the  Peak,  Faynl,  Hurez,  and 
Corvo.  In  general,  these  islands  are  mountainous,  and  ex- 
posed to  earthquakes  and  violent  storms,  yet  their  produce  of 
wheat,  wine,  fruits,  and  wood,  is  very  abundant. 

Switzerland. — This  country  is  bounded  on  the  east  by  the 
Tyrol  and  Austrian  Suabta,  on  the  west  by  France,  on  the  north 
by  the  Black  Forest,  and  on  the  south  by  Savoy  and  Italy. 
Its  length,  from  cast  to  west,  is  200  miles,  and  its  breadth  about 
130  from  north  to  sooth.  Switzerland  is  the  most  mountainous 
country  in  Europe,  but  the  air  is  salubrious,  the  soil  fertile, 
and  its  wildest  regions  arc  diversified  by  cultivated  fields  and 
vineyards,  extensive  lakes  and  verdant  vales,  umbrageous 
woods  and  frightful  glaciers. 

The  Thirteen  original  Canton t are: 


The  Cantons  of  Towns.  Lakes.  Rivers. 

1.  Zurich,  Zurich Zurich. 

2.  Berne Berne, Aar. 

3.  Basil, Basil... Rhine. 

4.  Underwaldcn, . . Slant  and  Same. 

ft.  Schwcitz, Sehwcitz. 

6.  Zug Zug Zug. 

7.  Gians, Claris. 


The  Cantons  of 

Towns. 

Lakes. 

Rivers. 

6.  Soleure, 

. Soleure, 

Aar. 

f).  Uri 

. Altorf, 

Reuss. 

10.  Appenzell, 

11.  Lucerne,  ...... 

. Appenzell. 

, Lucerne, 

...  Lucerne. 

12.  Fribourg, 

. Fribourg.  ....... 

Sancn. 

13.  Schaff  hausen  . 

. Schaffbausen,  . . 

Rhine. 

In  1803,  the  following  cantons  were  added  by  the  French  to 
Switzerland : — Argovia,  Thuringia,  Tessin,  Grisons,  St.  Gall, 
and  Vaud. 

The  religion  of  Switzerland  is  mixed  ; some  cantons  profess- 
ing Catholicism,  while  others  arc  Cal vinistic  Protestants.  The 
Catholic  cantons  are,  Uri,  Scliweitz,  Underwaldcn,  Zug, 
Lucerne,  Fribourg,  Soleure,  Berne.  The  Protestant  arc,  Zurich, 
Basil,  Schaifhausen,  Part  of  Glaris,  and  Appenzell. 

The  government  is  a strange  mixture  of  aristocracy,  venal 
oligarchy,  and  bold  democracy ; and  under  these  respective 
forms,  we  find  laws  sufficiently  jealous  and  severe  ; but  the 
people  are  renowned  for  their  morality  and  frank  indepen- 
dence. The  population  amounts  to  two  millions  of  souls  ; tho 
military  force  is  reckoned  at  20,000  men;  and  the  revenue 
about  a million  sterling.  But  taxation  must  be  moderate  where 
the  people  are  proverbially  poor  ; and  foreign  subsidies,  aris- 
ing from  the  permission  of  the  youth  to  serve  as  mercenaries 
in  the  armies  of  other  countries,  swell  the  resources  to  equal 
Uie  expenditure. 

The  city  of  Basil  contains  14,000  inhabitants,  and  is  cele- 
brated for  its  university  ; Berne  13,000,  and  its  college  ; Zurich, 
fur  its  college  and  public  library  ; Lausanne,  9000  inhabitants  ; 
Fribourg  and  Schaifhausen  each  6000,  and  Lucerne  5000. 

The  chief  rivers  are  the  Rhino  and  the  Rhone,  the  Aar  and 
the  Keuss,  the  Lien  and  the  Fleur  ; and  the  lakes  are  both 
numerous  and  picturesque.  Constance,  Geneva,  Maggiore, 
Lugano,  Ncufcbalel,  Zurich,  and  Lucerne,  are  the  chief  Jakes. 
The  mountains  are,  the  Alps,  covered  with  snow  at  their  sum- 
mits ; Mount  Rosa,  Mount  Blanc,  Mount  St.  Bernard,  and 
Mount  St.  Gothard. 

The  horses  of  Switzerland  are  esteemed  for  their  vigour  and 
spirit ; and  the  ibex  (a  species  of  goat)  is  as  common  among 
the  Alps  as  are  goats  in  Wales.  In  the  day  he  ascends  the 
highest  summits,  but  at  night  be  seeks  the  valleys  to  browse  on 
aromatic  plants.  When  scared,  the  ibex  will  dart  up  a perpen- 
dicular rock  of  eighteen  feet  high,  at  three  springs  ; bounding 
like  a racket-ball  struck  against  a stone  wall.  The  chamois 
and  the  marmot  are  common ; and  in  the  highest  Alps  the 
bearded  vultore  preys  upon  the  white  hare,  the  marmot,  the 
chamois,  kids,  and  lambs. 

Italy. — This  country  is  usually  divided  into  three  parts,  the 
northern,  middle,  and  southern.  It  is  a beautiful  and  fertile 
peninsula,  assuming  the  appearance  of  a boot-leg  on  the  map. 
and  admirably  adapted  for  commerce.  Its  length  is  670,  ami 
its  medial  breadth  100  miles.  The  population  is  thirteen  mil- 
lions ; of  which,  allowing  six  millions  for  Naples  and  Sicily, 
and  three  millions  for  the  Pope's  dominions,  there  will  be  four 
millions  for  the  northern  states. 

In  the  north  the  Alpine  scenery  is  truly  sublime ; the  Apen- 
nines give  many  charms  to  the  central  part;  Florence  and 
Tivoli  excite  the  traveller’s  admiration;  and  Naples  is  gene- 
rally beautiful,  though  exposed  to  the  fiery  irruptions  of 
Vesuvius. 

The  chief  rivers  are  the  Po,  the  Adige,  the  Brenta,  the  Piara. 
the  Arno,  and  the  Tiber,  with  the  Rubicon,  or  Fiumcssino,  a 
diminutive  stream  which  falls  into  the  Adriatic.  The  lakes  are 
those  of  Mnggiorc,  Locarno,  Lugano,  Como,  Lccco,  Iseo,  Di 
Garda,  in  the  north  ; Perugia,  fiolscna,  Rieti,  Albano.  and 
Nemi,  in  the  central  part;  and  Celano,  and  Varano,  in  the 
Neapolitan  territory.  The  mountains  arc  the  Alps,  the  Apen- 
nines, and  Vesuvius. 

Naples  and  Sicily  forming  the  southern  part,  may  be  regarded 
as  one  kingdom.  Sicily,  separated  from  Naples  by  the  strait 
of  Messina,  is  an  island  about  170  miles  long  and  80  broad. 
Next  to  Constantinople,  Naples  is  the  most  charming  city,  for 
situation,  in  Europe. 

The  Slrait  of  Messina  is  celebrated  for  the  Scylla  and  Cha- 
rybdis  of  the  ancients ; the  former  being  a lofty  rock  on  the 


EUR 


DICTIONARY  OP  MECHANICAL  SCIENCE.  EVA  291 


Calabrian  shore,  and  the  latter  a spot  where  the  waves,  greatly 
agitated  by  numerous  pointed  rocks  at  the  bottom  of  the  sea, 
assume  the  appearance  of  a whirlpool. 

The  Lipari  isles,  adjacent  to  Sicily,  are  celebrated  for  their 
rocks  of  volcanic  glass,  and  the  grotto  of  the  sea  ox— a cavern 
60  feet  high,  300  feet  long,  and  130  feet  broad,  situated  in 
Felicuda.  Malta  and  Oogo  are  valuable  in  a maritime  point 
of  view. 

The  central  part  of  Italy,  comprising  the  dominions  of  the 
Church,  Tuscany,  Lucca.  St  Marino,  Piombino,  and  the  isle  of 
Elba,  may  be  thus  illustrated: — The  dominions  of  the  Church 
yield  £060,000  sterling  annually  ; the  revenue  of  the  Grand 
Duchy  of  Tuscany  is  half  a million  yearly;  the  Luceanesc  are 
the  most  industrious  people  of  Italy  ; the  diminutive  republic 
of  St.  Marino  claims  the  Pope’s  protection;  the  principality 
of  Piombiuo,  on  the  Italian  shore,  and  opposite  to  the  isle  of 
Elba,  is  a neglected  spot,  and  both  are  known  best  for  their 
iron  ores. 

Piedmont.  Milan,  Mantua,  Parma,  and  Placentia,  Modena, 
and  Genoa,  in  the  north  of  Italy,  now  claim  our  attention. 

Piedmont,  with  Savoy,  is  160  miles  long  and  100  broad,  and 
belongs  to  the  King  of  Sardinia. 

The  capital  of  Piedmont  is  Turin,  containing  80,000  inhabit- 
ants ; Vercclli,  *20,000 ; Alexandria,  12,000 ; a little  to  tbo  east 
of  which  is  Marengo. 

The  fertile  duchy  of  Milan  contai os  2432  square  miles,  and  a 
population  of  more  than  a million  of  inhabitants. 

Milan,  the  chief  city,  contains  120,000  inhabitants  ; Pavia  is 
celebrated  for  its  university,  as  is  also  Padua ; and  Verona  is 
not  more  renowned  for  its  antiauities,  than  Venice  for  its 
enchanting  maritime  situation,  and  the  wealth  of  its  merchants. 

The  small  duchy  of  Mantua  contains  but  12,000  inhabitants ; 
while  that  of  Modena  boasts  a population  of  320,000,  and  a 
revenue  of  £140,000. 

The  population  of  Parma  and  Placentia  is  reckoned  300,000; 
the  revenue  £175,000;  the  soil  is  rich,  the  pastures  fine,  and 
the  Parmesan  cheese  has  been  celebrated  for  centuries. 

Genoa  assumed  the  title  of  the  Liburian  Republic  shortly 
after  1798 ; but  it  now  belongs  to  Sardinia.  The  population  is 
computed  at  400,000  ; the  city,  80,000 ; and  the  troops,  90,000. 

Lombardy,  Mantua,  the  ancient  Republic  of  Venice,  and 
Dalmatia,  belong  now  to  Austria  ; the  grand  duchy  of  Tuscany 
to  the  Archduke  Ferdinand ; and  Parma  and  Placentia  to  the 
ex-empress  Maria  Louisa. 

Turkey  in  Europe.— The  Tarkish  dominions  contain  182,660 
square  miles,  comprising  many  ancient  kingdoms  and  repub- 
lics, whose  classic  names  but  tell  the  fleeting  grandeur  of 
remote  antiquity. 

The  following  arc  the  names,  both  ancient  and  modern,  of 
the  provinces  of  the  Turkish  empire: 


Modern . Ancient. 

1.  Moldavia,  north, Dacia. 

2.  Budzac,  or  Bessarabia,  . . Getre  and  Peucini. 

3.  Walachia, Dacia. 

4.  Bulgaria, Moesia. 

6.  Romclia, 5 Thracia,  Patonia,  Macedonia, 

I Graeeia. 

G.  The  Morea, Peloponnesus. 

7.  Albania, * Epirus.  Chaonia,  and  Part  of 

f lllyricum. 

8.  Dalmatia,........,,,....  Dalmatia. 

9.  Scrvia, ) n 

10.  Bosnia \ Pannoma. 

11.  Tarkish  Croatia Pannonia  and  Noricum. 


Turkey  extends  870  miles  from  north  to  south,  aud  G80  in 
breadth  from  east  to  west;  and  its  population  may  be  esti- 
mated at  eight  millions.  The  established  religion  is  the 
Mahomruednn  ; but  about  two-thirds  of  the  people  are  Greek 
Christians,  who,  along  with  their  religion,  retain  their  priests, 
bishops,  archbishops,  and  patriarchs.  In  the  Mahommcdan 
faith  there  are  also  the  mufti,  or  pontiff,  who  presides  at  Con- 
stantinople ; the  moublahs.  or  doctors  of  the  law,  the  Koran 
being  a code  of  civil  and  religions  observance;  the  inferior 
muftis,  or  judges,  and  the  cadilcsquiers,  or  chief  justices  ; the 
imaums,  or  parish  priests,  who  perform  the  service  of  the 


mosques ; the  dervishes,  or  monkj,  of  whom  there  are  four 
various  orders,  or  institutions. 

The  government  is  despotic,  but  the  sultan's  power,  snbieot 
to  the  laws  of  the  Koran,  is  wisely  balanced  by  a religions 
aristocracy.  The  Turkish  navy  amounts  to  thirty  ships  of  the 
line ; and  the  army  to  150,000  ill-disciplined  and  mutinous 
troops.  The  revenue  is  computed  at  seven  millions  sterling, 
partly  derived  from  a capitation  tax  on  unbelievers,  and  partly 
from  a land  tax  and  the  customs. 

The  Turks  are  abstemious  in  diet ; their  chief  furniture  is  the 
carpet  which  covers  the  floor ; their  amusements  partake  of 
indolent  apathy ; but  the  personal  cleanliness  of  both  sexes  is 
highly  laudable. 

The  chief  cities  and  towns  are,  Constantinople,  with  a popu- 
lation of  400,000  souls ; of  whom  200,000  arc  Turks,  100,000 
Greeks,  and  the  remainder  Armenians,  Jews,  and  Franks. 
Adrianople,  140  miles  north-west  of  Constantinople.  Filipopoli, 
a mean  town,  whose  situation  Is  so  low,  that  the  mud  in  its 
streets  is  sometimes  knee  deep,  and  the  foot  passengers  get 
along  only  by  stones,  erected  like  posts,  to  facilitate  the  inter- 
course of  a wretched  city  considerable  in  size.  Sosia  has 
7(f, 000  inhabitants  ; Silistria,  in  Bulgaria,  60,000;  Bucharest, 
in  Walachia,  60,000;  Jaffy,  in  Moldavia,  and  Bender,  in  Bes- 
sarabia, each  12,000  ; Belgrade,  in  Servia,  25,000 ; Banjaluka, 
in  Bosnia,  18,000;  Salonica,  60,000;  Larissa,  25,000;  while 
Alini  (Athens)  is  a miserable  village. 

Turkey  is  famons  for  carpets,  currants,  figs,  saffron,  statuary 
marble,  silk,  and  drugs. 

The  climate  is  delicious,  the  air  pure,  and  the  seasons  regu- 
lar ; and  though  the  soil  be  rich,  agriculture  is  neglected ; and 
the  Turks  excel  in  no  one  useful  art  or  science. 

The  chief  rivers  are  the  Danube,  the  Marita,  or  ancient 
Hebrus,  which  falls  into  the  Aegean  sea;  the  Eakcr;  the 
Morava,  anciently  the  Margos ; and  the  Drin,  which  falls  into 
the  Save.  The  lakes  are  chiefly  found  in  Budaac  and  Wala- 
chia round  Ismail,  and  some  in  Albania.  The  mountains  are 
those  of  Ha^nus,  Acroceraunia,  Pindus,  Olympus,  Ossa, 
Pelius,  and  Mount  Atbos,  resembling  Mount  Serrat  in  Spain, 
and  celebrated  for  its  monasteries  and  cells  of  devout  hermits. 
The  islands  belonging  to  Turkey  in  Europe  are,  Cerigo  and 
Candia  on  the  south  coast  of  the  Morea  ; Milo,  Santerim, 
Stanpalin,  Paros,  Naxia,  Eogia,  Zia,  and  Zine,  on  the  east ; 
Andro,  Negropont,  and  Skyros,  east  of  Livadia.  South  of  the 
island  of  Phros  is  Anti  paros,  whoso  grotto  is  the  admiration  of 
travellers.  The  whole  isle  is  one  huge  rock  of  fine  white 
marble,  and  the  grotto  is  distinguished  from  the  caverns  in 
Derbyshire,  by  the  snowy  whiteness  of  the  calcareous  spar 
which  appears  on  either  hand,  or  suspended  from  the  roof  in 
the  most  elegant  and  picturesque  forms.  The  present  struggle 
in  Greece  for  liberty,  is  so  very  problematical,  that  we  have 
kept  entirely  aloof  from  the  political  aspect  which  this  once 
classic  land  now  wears. 

On  the  west  of  Epirus  are  Corfu,  St.  Maura,  Ithaca,  Cepha- 
lonia,  and  Zantc,  forming  a new  republic,  under  the  protection 
of  Great  Britain. 

EUTOCIUS,  an  eminent  mathematician,  who  lived  at  the 
time  of  the  decline  of  the  sciences  in  Greece,  was  a native  of 
Ascalon,  in  Palestine,  and  a disciple  of  Isodorut,  one  of  the 
celebrated  architects  employed  by  the  emperor  Justinian.  He 
probably  flourished  about  the  commencement  of  the  sixth  cen- 
tury, though  we  have  no  particulars  respecting  bis  life ; but  his 
works  reflect  much  honour  on  bis  memory.  He  wrote  elaborate 
and  perspicuous  " Commentaries  on  the  Books  of  Archimedes 
concerning  the  Sphere  and  Cylinder;*'  and  also  on  the  first 
four  books  of  the  conics  of  “ Apollonius  Pergmus.”  These 
commentaries  have  not  only  elucidated  many  difficult  passages 
in  those  profound  writers,  but  have  tended  to  throw  light  on 
the  history  of  mathematics. 

EVAPORATION,  in  Natnral  Philosophy,  is  the  conversion 
of  water  into  Tapour,  which  becoming  lighter  than  the  atmo- 
sphere, is  carried  considerably  above  the  earth's  surface ; and 
afterwards  by  a partial  condensation  forms  clouds,  and  finally 
descends  in  rain.  Various  hypotheses  have  been  advanced  to 
account  for  tbe  process  of  evaporation,  some  attributing  it  to 
one  cause,  and  some  to  another ; and  it  is  difficult  to  say 
which  has  tbe  greater  claim  to  attention,  as  none  of  them 
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appear  perfectly  satisfactory.  This  being  the  case,  and  as 
our  limits  will  not  admit  of  a long  detail  of  all  tike  theories 
that  hate  been  written  on  this  subject,  our  remarks  shall 
embrace  the  most  interesting  experiments,  observations,  and 
phenomena,  relating  to  evaporation.— That  water  salted  to 
about  the  same  degree  as  salt-water,  and  exposed  to  a heat 
equal  to  that  of  a summer’s  day,  did,  from  a circular  surface 
of  about  eight  inches'  diameter,  evaporate  at  the  rate  of  six 
ounces  in  twenty-four  hours.  Wheuce,  by  calculation,  the 
thickness  of  the  pellicle  or  skin  of  water,  evaporated  in  two 
hours,  was  the  fifty-third  part  of  an  inch ; but,  for  a round 
number,  suppose  it  only  a sixtieth  part;  then,  if  water  as 
warm  as  the  air  in  summer  evaporates  the  thickness  of  one- 
sixticth  part  of  an  inch  in  two  hours,  from  its  whole  surface, 
in  twelve  hours  it  will  evaporate  the  tenth  of  an  inch;  which 
quantity  will  be  found  abundantly  sufficient  to  furnish  all  the 
rains,  springs,  dews,  ice.  U>  this  experiment,  every  ten  square 
inches  of  surface  of  the  water  yield  in  vapour,  daily,  a cubic 
inch  of  water : and  caeh  square  foot,  half  a wine  pint ; every 
space  of  four  feet  square,  a gallon  ; a mile  square,  6814  tuns  ; 
and  a square  degree,  of  69  English  miles,  will  evaporate 
33,000,000  tuns  a day ; and  the  whole  Mediterranean,  com- 
puted to  contain  160  square  degrees,  at  least  5280,000,0tj0  of 
tuns  each  day.  A surface  of  eight  square  inches,  evaporated, 
purely  by  the  natural  warmth  of  the  weather  without  wind  or 
sun  in  the  course  of  a whole  year,  16,292  grains  of  water,  or 
64  cubic  inches ; the  depth  of  water,  therefore,  evaporated  in 
12  months,  amounts  to  8 inches.  Hut  the  annual  evaporation 
Is  actually  from  48  to  3C|  inches.  Water  evidently  evaporates 
more  in  windy  than  in  calm  weather,  as  the  fleecy  vaporous 
air  is  then  more  speedily  dissipated.  And  in  May,  Jane,  July, 
and  August,  the  evaporation  is  greatest.  Many  experiments 
have  been  made  to  determine  the  precise  rate  of  evaporation 
by  different  philosophers,  and  we  learn  that  the  evaporation 
is  confined  entirely  to  the  surface  of  the  water : hence  it  is  in 
all  cases  proportional  to  tho  surface  of  the  water  exposed  to 
the  atmosphere.  Much  more  vapour  of  course  rises  in  mari- 
time countries,  or  those  interspersed  with  lakes,  than  iu  inland 
countries.  Much  more  vapour  rises  during  hot  weather  than 
during  cold:  hence  the  quantity  evaporated  depends  in  some 
measure  upon  temperature.  The  precise  law  has  been  happily 
discovered  by  Dalton,  who  says,  in  general,  the  quantity  eva- 
porated from  a given  surface  of  water  per  minute,  at  any  tem- 
perature, is  to  the  quantity  evaporated  from  the  same  surface 
at  212°,  as  the  force  of  vapour  at  tbe  first  temperature  is  to 
the  force  of  vapour  at  212®.  Hence,  in  order  to  discover  the 
quantity  which  will  be  lost  by  evaporation  from  water  of  a 
given  temperature,  we  have  only  to  ascertain  the  force  of 
vapour  at  that  temperature.  Hence,  we  see  that  the  presence 
of  atmospheric  air  obstructs  the  evaporation  of  water ; but  this 
evaporation  is  overcome  in  proportion  to  the  force  of  the 
vapour.  The  quantity  of  vapour  which  rises  from  water,  even 
when  the  temperature  is  the  same,  varies  according  to  circum- 
stances. It  is  least  of  all  in  calm  weather,  greater  when  a 
breeze  blows,  and  greatest  of  all  with  a strong  wind.  See 
Freezing. 

EVICTION,  in  Astronomy,  the  most  considerable  of  the 
lunar  irregularities,  caused  by  the  action  of  the  sun  upon  the 
moon;  the  lunar  evection  was  discovered  by  Ptolemy,  and  is 
the  first  irregularity  iu  the  motion  of  this  body  with  which  the 
ancient*  were  acquainted.  Its  general  and  constant  effect  is 
to  diminish  the  equation  of  the  centre  in  the  sy  zigies,  and  to 
increase  it  in  the  quadrature,  and  may  be  explained  by  a 
change  supposed  to  take  place  in  the  eccentricity  of  the  lunar 
orbit,  and  at  the  same  time  a motion  in  the  apogee.  This 
inequality  can  be  represented  very  exactly,  by  supposing  it 
proportional  to  the  sine  of  double  the  angular  distance  of  the 
moon  from  the  sun,  miNtt*  the  mean  anomaly  of  the  moon,  and 
the  co-efficient  to  this  proportion  is  now  generally  slated  in 
modern  astronomical  works  at  ltf  2(/  28r,  whence  the  formula 
for  the  evection  is 

(1°  2ty  28*)  x sin.  2 dist.  C 0 — mean  anomaly  > 
from  which  it  is  easy  to  follow  the  successive  variations  of  this 
cquulion,  for  in  order  to  this  it  is  only  requisite  to  consider  the 
different  values  which  its  argument  can  take.  It  is  also  very- 
easy  to  find  the  period  of  evection  from  the  variation  in  the 


value  of  the  angle  on  which  it  depends.  For  this  purpose  it 
will  be  sufficient  to  calculate  the  variations  of  this  angle  in  u 
given  time,  and  thcncc  to  conclude  by  a simple  proportion,  ihc 
number  of  days  necessary  for  it  to  vary  300°.  This  period 
differs  but  little  from  the  periodic  revolution  of  tbe  moon ; r is. 
27  178633  days. 

EVERGREEN,  in  Gardening,  a species  of  perennials  which 
continue  their  verdure  all  the  year. 

EVICTION,  signifies  a recovery  of  lands  or  tenements  by 
law. 

EVIDENCE,  in  Law,  proof  by  testimony  of  witness  on  oath, 
or  by  writings,  or  records  adducod  before  a court,  or  compe- 
tent jurisdiction.  It  is  twofold,  written  or  verbal ; the  former 
by  records,  deeds,  bonds,  or  other  documents ; the  latter  by 
witnesses  examined  viea  voce,  and  called  technically,  parole 
evidence.  It  is  also  cither  absolute  or  presumptive ; and  may 
be  that  which  is  given  in  proof  by  the  parties,  or  which  (he  jury 
know  of  themselves,  for  every  thing  which  makes  a fact  or 
thing  evident  to  them,  is  called  evidence. 

Witnesses  are  summoned  by  writ  of  subpoena  to  attend,  on 
penalty  of  £100  to  the  king,  and  £10  to  the  party,  beside* 
damages  sustained  by  their  non-attendance.  All  witnesses  of 
all  religions,  who  believe  in  a future  state  of  rewards  and 
punishments,  are  received,  bat  not  persons  infamous  in  law  by 
their  crimes,  nor  persons  directly  interested  in  the  matter  at 
issue;  and  no  counsel  or  attorney  shall  be  compelled  to  disclose 
the  secrets  intrusted  to  him  by  his  client,  hut  be  may  givo 
evidence  of  facts  which  he  knew  by  other  means  than  for  the 
purpose  of  tbe  cause.  One  witness  is  sufficient  to  any  fact, 
except  in  high  treason,  when  two  arc  required  ; hut  that  is 
only  in  treasons  of  conspiracy  against  the  state,  and  not  trea- 
son relating  to  the  coin,  Ac.  The  oath  of  the  witness  is  to 
speak  the  truth,  the  wholo  truth,  and  nothing  but  the  truth  ; 
and  all  evidence  is  to  be  given  in  open  court.  The  general 
rules  of  evidence  arc  : — 1.  The  best  evidence  must  be  given 
that  the  nature  of  the  thing  is  capable  of.  2.  No  person  inte- 
rested in  the  question  can  be  a witness ; but  to  this  there  are 
exceptions ; as,  first,  in  criminal  prosecutions ; secondly,  for 
general  usage,  for  convenience  of  trade,  as  a servant  to  prove 
tho  delivery  of  goods,  though  it  tends  to  clear  himself  of  neg- 
lect. 3.  Where  the  witness  acquires  the  interest  by  his  own 
act,  after  the  party  who  calls  him  has  a right  to  his  evidence. 
The  third  rule  is,  that  hearsay  of  a matter  of  fact  is  no  evi- 
dence ; but  of  matter  of  reputation,  such  as  a custom,  it  is  in 
some  sort  evidence.  4.  Where  a general  character  is  the  mat- 
ter in  issue,  particular  facts  may  he  received  in  evidence,  but 
not  where  it  occurs  incidentally.  6.  In  every  issue  the  affirma- 
tive is  to  be  proved.  6.  No  evidence  must  be  given  of  wbal  is 
agreed,  or  not  denied,  upon  tbe  pleadings. 

Of  Pertont  competent  to  give  Evidence. — The  king  cannot  be 
a witness  under  his  sign  manual,  and  a peer  must  be  sworn. 
A judge  and  juror  may  give  evidence.  Members  of  a corpo- 
ration cannot  be  hoard  in  a cause  of  tho  corporation.  In 
actions  Hgainst  churchwardens,  Ac.  for  money  misspent,  Ac. 
parishioner*  may  be  evidence.  Kinsmen  arc  not  to  be  objected 
to.  Husband  and  wife  arc  not  received  a*  witnesses  for  or 
against  each  other ; and  the  bail  cannot  be  a witness  for  his 
principal,  on  account  of  his  direct  interest  in  the  event.  One 
that  has  any  benefit  under  a will,  or  deed,  must  release  it 
before  he  can  prove  it  as  a witness;  any  devise  to  a person 
who  is  witness  to  a will,  or  codicil,  is  void,  and  he  shall  be 
received  as  a witness.  A bare  trnstee,  it  is  said,  may  prove  a 
deed  made  to  himself.  In  actions  for  penalties  on  usury,  the 
borrower,  after  he  has  paid  his  money,  may  he  a witness  to 
prove  it.  lo  actions  against  the  hundred,  a party  is  received 
as  a witness  in  his  own  cause.  Persons  not  of  sound  memory, 
attainted  of  pnrmunirc  or  conspiracy,  convicted  of  felony, 
perjury,  or  other  infamous  crimes,  arc  incompetent  to 
received  as  witnesses  ; but  these  are  restored  to  competency  by 
the  king's  pardon  ; and  the  witness  shall  not  be  asked  any 
question  to  accuse  himself,  hut  it  must  be  proved  by  producing 
the  conviction  ; Imt  upon  conviction  of  perjury,  under  statutc 
6 Eliz.  c.  9,  nothing  but  a reversal  of  judgment  can  restore  a 
man  to  competency. 

Wills  of  land  must  be  attested  and  subscribed  in  the  pre- 
sence of  the  testator  by  three  witnesses.  In  general,  the 
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courts  arr  inclined  to  favour  the  receiving  of  evidence,  and  to 
consider  objections  as  to  interest,  to  go  inure  to  the  credibility 
of  the  witness  than  to  his  competency. 

When  a witness  is  not  liable  to  any  legal  objection,  he  is 
first  examined  by  the  counsel  for  the  party  on  whose  behalf  be 
comes  to  give  evidence,  which  is  railed  his  examination  in 
chief,  who  is  not  to  pul  what  is  called  leading  questions,  viz. 
to  form  them  iuto  such  a way  as  would  instruct  the  witnesses 
in  the  answers  he  is  to  give.  He  is  then  cross-examined  by 
the  other  side,  when  leading  questions  are  necessarily  put ; 
and  then  he  is  re-examined  as  to  what  he  has  been  asked  in 
his  cross-examination.  The  party  examined  must  depose  those 
fucts  only  of  which  he  has  an  immediate  knowledge  and  recol- 
lection ; he  may  refresh  his  memory  with  notes  taken  by  him- 
self at  the  time,  and  if  he  can  then  speuk  positively  as  to  his 
recollection,  it  is  sufficient ; but  if  be  have  no  recollection  fur- 
ther than  finding  the  entry  in  bis  book,  the  book  itself  must  be 
produced.  Deeds,  receipts,  and  writings  requiring  stamps, 
must  be  stamped  before  they  can  be  received  in  evidence. 
Parole  evidence  shall  not  be  admitted  to  annul  or  substantially 
vary  a written  instrument,  nor  to  explain  the  meaning  of  a tes- 
tator in  a will,  though  where  there  arc  two  persons  of  the  same 
name,  and  it  is  doubtful  which  is  the  devisee,  from  an  imperfect 
description,  it  must  be  proved  by  witnesses  which  is  the  devisee. 
By  the  statute  of  frauds,  several  things  must  be  evidenced  by 
writing,  which  previously  might  be  proved  by  parole  only.  The 
general  rule  has  been,  for  the  last  century,  under  the  ablest 
judges,  that  no  man  shall  be  asked  a question,  the  answer  to 
which  might  subject  him  to  criminal  punishment  or  pecuniary 
penaltv.  It  has  been  lately  attempted  by  some  judges  to 
extend  it  further,  to  prevent  any  question  being  asked  which 
may  degrade  a man's  character,  which  it  is  feared  will  deprive 
the  parties  of  all  the  substantial  benefits  of  cross-examination. 

EVOLUTION,  in  War,  the  motion  made  by  a body  of 
troops,  when  obliged  to  change  their  form  and  disposition,  to 
preserve  a post,  or  occupy  another,  to  attack  an  enemy  with 
more  advantage,  or  to  be  in  a better  condition  of  defending 
themselves. 

Evolution,  in  Arithmetic  and  Algebra,  is  the  extraction 
of  roots  ; being  thus  opposed  to  involution,  which  is  the  rising 
of  powers. 

EXCENTRICITY  or  THr.  Orbit  of  a Planet,  in  Astro- 
nomy, is  the  distance  between  the  centre  and  the  focus  of  the 
ellipse  in  which  it  revolves.  The  discovery  of  tho  excentricity 
in  the  orbits  of  the  sun  and  moon  is  attributed  to  Hipparchus, 
who  wrote  a treatise  on  this  subject  150  years  before  our  era. 
The  ecentricity  of  the  orbit  is  computed  from  the  greatest 
equation  of  the  centre,  by  the  following  proposition : As  67° 
17'  44/8,  (the  arc  = rad.)  is  to  half  the  greatest  equation,  so  is 
rad.  = 1 to  the  excnetricity.  See  Astronomy  and  Equation. 

EXCEPTION,  in  Law,  is  a stop  or  stay  to  any  action.  In 
law  proceedings,  it  is  a denial  of  matter  alleged  in  bar  to  an 
action  ; and  in  chancery,  it  is  what  is  alleged  against  the  suffi- 
ciency of  an  answer. 

EXCESS,  in  Arithmetic  and  Geometry,  is  tho  difference 
between  any  two  unequal  numbers  or  quantities. 

EXCHANGE,  in  Arithmetic,  is  the  reduction  of  different 
coins  or  any  denominations  of  money,  whether  there  be  real 
coins  answering  to  them  or  not,  from  one  to  another : or  tho 
method  of  finding  how  many  of  one  species,  or  denomination, 
are  equal  in  value  to  a given  number  of  another;  in  order  to 
which  it  is  necessary  to  know  the  value  of  the  coins  and 
moneys  of  account  of  different  countries,  and  their  proportion 
to  each  other  according  to  the  settled  rate  of  exchange.  The 
several  operations  in  this  case  are  only  different  applications 
of  the  rule  of  three.  The  par  of  exchange  is  always  fixed  and 
certain,  it  being  the  intrinsic  value  of  foreign  money,  compared 
with  sterling;  hut  the  course  of  exchange  rises  and  falls  upon 
various  occasions.  Thus  in  some  parts  of  France,  they  keep 
their  accounts  as  at  Paris,  Lyons,  and  Rouen,  in  livres,  sols, 
and  deniers,  and  exchange  by  the  crown,  “ 4/.  (id.  at  par ; 
and  to  change  French  into  sterling,  we  say.  As  one  crown  is  to 
the  given  rate,  so  is  the  French  sum  to  the  sterling  required; 
or  thus,  to  change  sterling  into  French,  As  the  rate  of  exchange 
is  to  one  crown,  so  is  the  sterling  sum  to  the  French  required. 
To  illustrate  which,  take  these  examples' 

31. 


1.  How  m^ny  crowns  must 
he  paid  ut  Paris,  to  receive 
in  Loudon  £180  exchange  at 
4j.  (id.  per  crown  ! 

d.  cr.  £. 

As  54  : 1 : : 18<t : 

240 

61)43200  800  cr. 
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2.  A merchant  at  Paris  re- 
mits to  his  correspondent  in 
London  800  crowns,  at  4 1.  (*/. 
each,  which  is  the  value  in 
sterling ! 

cr.  tt.  er. 

As  I : 61  : : boO : 

61 


12) 43300 
2 ’0)36010 
£.  1 80 


And  these  examples  will  suffice  for  other  places;  for  where  the 
rate  of  exchange  is  known,  we  can  easily  determine  how  much 
must  be  paid  or  received  iu  any  transaction  with  a foreign 
country. 

Arbitration,  or  Comparison  of  Exchange,  determines  the 
method  of  remitting  to,  or  drawing  upon,  foreign  places,  in 
such  a manner  ns  shall  be  most  advantageous  to  the  merchant, 
and  is  either  simple  or  compound. 

Simple  Arbitration,  respects  three  places  only.  Here,  l»y 
comparing  the  par  of  arbitration  between  a first  and  second 
place,  and  between  the  first  and  a third,  the  rate  between  the 
second  and  third  is  discovered  ; from  whence  a person  can 
judge  how  to  remit  or  draw  to  the  most  advantage,  and  to 
determine  what  that  advantage  is. 

Compound  Arbitration,  respects  the  cases  in  which  the 
exchanges  among  three,  four,  or  more  places  are  concerned. 
A person  who  knows  at  what  rale  he  can  draw  or  remit 
directly,  and  also  has  advice  of  the  course  of  exchange  in 
foreign  parts,  may  trace  out  a path  lor  circulating  his  money, 
through  more  or  fewer  of  such  places,  and  also  in  such  order, 
as  to  make  a benefit  of  his  skill  and  credit ; and  in  this  lies  the 
great  art  of  such  ncgociations. 

Exchange,  in  Law,  is  a mutual  grant  of  equal  interests,  thr- 
one in  consideration  of  the  other.  In  exchange,  the  r-states  of 
both  parties  should  be  equal;  that  is,  if  the  one  has  a fee- 
simple  in  the  one  land,  the  other  should  have  a like  estate  in 
Ihc  other  land  ; and  if  the  one  has  fee-tail  in  the  one  land,  the 
other  ought  to  have  the  like  estate  in  the  other  land:  and  so  of 
other  estates. 


EXCHEQUER,  an  ancient  court  of  record,  established  by 
William  the  Conqueror,  and  intended  principally  to  order  the 
revenues  of  the  crown,  and  to  recover  the  king’s  debts  and 
duties.  The  court  consists  of  two  divisions,  viz.  the  receipt  of 
the  exchequer,  which  manages  the  royal  revenue;  and  tho 
judicial,  which  is  subdivided  into  a court  of  equity,  and  a court 
of  common  law. 

Exchequer  Hills,  bills  or  tickets  issued  by  the  Exchequer, 
payable  out  of  the  produce  of  a particular  tax,  or  generally  out 
of  the  supplies  granted  for  the  year,  and  receivable  in  all  pay- 
ments to  the  exchequer.  The  interest  payable  on  them  has  been 
at  various  rates  according  to  the  current  rate  of  interest  at  tho 
time  they  were  issued  ; those  at  present  (1824)  in  circulation, 
bear  interest  at  the  rate  of  2d.  a day  per  cent.  They  arc  fre- 
quently made  out  for  £130  each,  but  those  issued  of  lato  years 
have  keen  chiefly  for  £I0U0  each,  and  they  have  sometimes 
been  made  for  much  larger  sums ; they  are  numbered  arithme- 
tically, and  registered  accordingly,  fur  the  purpose  of  paying 
them  off  in  regular  course,  the  time  of  which  is  notified  by  public 
advertisement.  The  daily  transactions  between  the  bank  and 
the  exchequer  are  chiefly  carried  on  by  these  bills,  which  are 
deposited  by  the  bank  iu  the  exchequer  to  the  amount  of  tho 
sums  received  bv  them  on  account  of  government ; the  hank 
uoles  and  cash  thus  received  by  the  bank  being  retained  by 
them,  as  the  detail  part  of  the  money-concerns  of  government 
is  all  transacted  at  the  bank.  The  instalments  on  loans  arc 
paid  into  the  receipt  of  the  exchequer  in  exchequer  bills,  which 
are  received  again  by  the  bank  as  cash,  either  for  the  amount 
of  dividends  due,  or  in  repayment  of  advances.  When  iltcso 
bills  sell  at  a considerable  discount,  or  any  other  circumstance 
indicates  that  the  quantity  of  them  in  circulation  is  too  great, 
the  usual  expedient  is  to  ifuud  a part  of  them,  that  is,  to  con- 
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TCTt  them  into  a permanent  debt,  by  offering  the  holders  of  them  1 profits  of  his  lands  ; 4.  against  the  goods  and  the  possession  of 


stock  in  lieu  of  their  bills. 

EXCISE  Duties,  inland  taxes  on  commodities  of  general 
consumption,  but  in  general,  the  articles  subjected  to  it  have 
been  such  as  are  not  absolutely  essential  to  subsistence.  Salt 
appears  to  have  beeu  the  object  of  an  excise  duty  at  a very 
early  period ; in  later  times,  oil,  wine,  tobacco,  and  various 
Other  consumable  articles,  have  been  burdened  with  duties  of 
this  description. 

Excise,  one  of  the  principal  branches  of  the  public  revenue, 
consisting  of  inland  duties,  or  taxes  on  articles  manufactured 
or  consumed,  whereas  the  duties  of  customs  are  paid  on  goods 
brought  into  or  carried  out  of  the  country. 

Excise,  in  Law,  is  an  inland  imposition,  sometimes  paid 
upon  the  consumption  of  the  commodity,  or  frequently  upon 
the  retail  sale,  which  is  the  last  stage  previous  to  the  consump- 
tion. For  more  easily  levying  the  revenue  of  the  excise,  the 
kingdom  of  England  and  Wales  is  divided  into  about  fifty  col- 
lections, some  of  which  are  called  by  the  names  of  particular 
counties,  others  by  the  names  of  great  towns ; where  one  county 
is  divided  into  several  collections,  or  where  a collection  com- 
prehends the  contiguous  parts  of  several  counties,  every  such 
collection  is  subdivided  into  several  districts,  within  which 
there  is  a supervisor ; and  each  district  is  again  subdivided 
into  out-fidcs  and  foot-walks,  within  each  of  which  there  is  a 
gauger  or  surveying  officer.  The  officers  of  excise  are  to  be 
appointed,  and  may  be  dismissed,  replaced,  or  altered,  by  the 
commissioners,  under  their  hands  and  seals;  their  salaries  are 
allowed  and  established  by  the  Treasury.  If  it  be  proved  by 
two  witnesses,  that  any  officer  has  demanded  or  taken  any 
money,  or  other  reward  whatever,  except  of  the  king,  such 
offender  shall  forfeit  his  office.  By  several  statutes,  no  process 
ran  be  sued  out  against  any  officer  of  excise,  for  any  act  done 
in  the  execution  of  his  office,  until  one  month  after  notice  given, 
specifying  the  cause  of  action,  and  the  name  and  abode  of  the 
person  who  is  to  begin,  and  the  attorney  who  is  to  conduct  tho 
action  ; and  within  one  month  after  such  notice,  the  officer  may 
tender  amends,  and  plead  such  tender  in  bar ; and  having  ten- 
dered insufficient  or  no  amends,  he  may,  with  leave  of  the  « 
court,  before  issue  joined,  pay  money  into  court.  Officers  of 
excise  are  empowered  to  search  at  all  times  of  the  day,  enter 
warehouses,  or  places  for  tea,  coffee.  See.  But  private  houses 
can  only  be  searched  upon  oath  of  the  suspicion,  before  a com- 
missioner or  justice  of  the  peace,  who  can,  by  their  warrant, 
authorize  a search.  The  office  of  excise  has  also  several 
excellent  regulations  for  procuring  the  due  attention  and  good 
conduct  of  their  ofliccrs. 

EXCLUSION,  in  Mathematics,  is  a method  of  coming  at  the 
solution  of  numerical  problems,  by  previously  throwing  out  such 
numbers  as  are  of  no  nse  in  solving  the  question. 

EXCOECARIA,  a genus  of  the  triandna  order,  in  thedioecia 
rlass  of  plants  ; and  in  the  natural  method  ranking  under  the 
38th  order,  tricoccar.  There  are  two  species.  The  agallocha. 
or  aloes  wood,  is  a native  of  China  and  some  of  the  India 
islands,  and  is  about  the  same  height  and  form  as  the  olive 
tree,  its  trunk  is  of  three  colours,  and  contains  ns  many  sorts 
of  wood : the  heart  is  that  of  tambac,  or  calombac,  w hich  is 
dearer  in  the  Indies  than  gold. 

EXCOMMUNICATION,  an  ecclesiastical  penalty  or  cen- 
sure, whereby  such  persons  as  are  guilty  of  any  notorious 
crime  or  offence,  arc  separated  from  the  communion  of  the 
cbnrch,  and  deprived  of  all  spiritual  advantages. 

EXCORIATION,  in  Medicine  and  Surgery,  the  galling  or 
rubbing  off  the  cuticle,  or  external  skin. 

EXCRETION,  or  Secretion,  in  Medicine,  a separation  of 
some  fluid,  mixed  with  the  blood,  by  means  of  the  glands. 

EXECUTION,  in  Law.  is  a judicial  writ,  grounded  on  the 
judgment  of  the  court  whence  it  issues ; and  is  supposed  to 
be  granted  by  the  court,  at  the  request  of  the  party  at  whose 
suit  it  is  issued,  to  give  hint  satisfaction  on  the  judgment  which 
he  hath  obtained  ; and  therefore  an  execution  cannot  be  sued 
out  in  one  court,  upon  a judgment  obtained  in  another.  These 
are  of  different  sorts,  according  to  the  nature  of  the  action: 
In  actions  were  money  is  recovered,  as  a deht  or  damages,  they 
are  of  five  sorts ; \.  against  the  body  of  the  defendant;  2.  or 
against  bis  goods  or  chattels  ; 3.  against  his  goods  and  tho 


his  lands  ; 5.  against  all  three,  his  body,  lands,  and  goods. 

Execution  of  Criminals,  must  be  according  to  the  judgment; 
and  the  king  cannot  alter  a judgment  from  hanging  to  behead- 
ing, because  no  execution  can  be  warranted,  unless  it  be  pur- 
suant to  the  judgment.  This  being  the  completion  of  human 
punishment,  in  all  cases,  as  well  capital  as  otherwise,  must  he 
performed  by  the  legal  officer,  the  sheriff  or  his  deputy.  Mur- 
derers are  to  be  executed  the  day  next  but  one  after  convic- 
tion, unless  it  be  Sunday,  and  anatomized  ; for  which  reason 
they  are  generally  tried  on  a Friday, 

EXECUTOR,  a person  appointed  by  the  testator  to  carry 
into  execution  bis  will  and  testament  after  his  decease.  The 
regular  mode  of  appointing  an  executor  is,  by  naming  him 
expressly  in  the  will ; but  any  words  indicating  an  intention 
of  the  testator  to  appoiut  au  executor,  will  be  deemed  a suffi- 
cient appointment. 

EXEGESIS,  a discourse  by  way  of  explanation,  or  comment, 
upon  any  subject. 

EXEMPLIFICATION  op  Letters  Patent,  a transcript  or 
duplicate  of  them,  made  from  the  enrolment  thereof,  and  scaled 
with  the  great  seal. 

EXERCISE,  the  preparatory  practice  of  managing  the  artil- 
lery and  small  arms,  in  order  to  make  the  ship’s  crew  perfectly 
skilled  therein,  so  as  to  direct  its  execution  successfully  in  the 
time  of  battle.  Tho  exercise  of  the  great  guns  of  our  navy 
has  been  as  well  as  ail  others,  very  complicated,  and  abound- 
ing with  superfluities,  but  the  following  concise  method  has 
been  introduced  by  an  officer  of  distinguished  abilities,  with 
much  success.  As  these  instructions  abound  with  several 
technical  terms,  the  reader,  whenever  at  a loss,  may  look  for 
any  of  those  articles,  which  are  all  explained  in  this  work. 

Ex tr cist  of  the  Great  Guns. 

1st.  Silence.  8th.  Fire. 

2d.  Cast  loose  your  guns.  9th.  Sponge  your  guns. 

3d.  Level  jour  guns.  10th.  Load  with  cartridge. 

4th.  Take  out  your  tompioDS.  llth.  Shot  your  guns. 

3th.  Run  out  your  guns.  12th.  Pul  in  your  lompions. 

6tb.  Prime.  13th.  House  your  guus. 

7th.  Point  your  guns.  14tb.  Secure  jour  guns. 

Upon  beating  to  arms  (every  person  having  immediately 
repaired  to  his  quarters)  the  midshipman,  commanding  a num- 
ber of  guns,  is  to  sec  that  they  aro  not  without  every  necessary 
article,  as  (at  every  gun)  a sponge,  powder-horn,  with  its 
priming-wires,  and  a sufficient  Quantity  of  powder,  shot,  crow, 
handspike,  bed,  quoin,  train-tackle.  See.  sending,  without  delay, 
for  a supply  of  any  thing  that  may  be  missing  ; and  for  the 
greater  certainty  of  not  overlooking  any  deficiency,  he  is  to 
give  strict  orders  to  every  captain  under  him  to  make  the  like 
examination  at  his  respective  gun,  and  to  take  care  that  every 
requisite  is  in  a serviceable  condition,  which  he  is  to  report 
accordingly.  And  besides  the  other  advantages  of  this  rcgula- 
. tion,  for  the  still  more  certain  and  speedy  account  of  being 
I taken  upon  these  occasions,  the  midshipman  is  to  give  each 
roan  his  charge  at  quarters,  (as  expressed  in  the  form  of  the 
monthly  report,)  who  is  to  search  for  his  particular  implements, 
and  not  finding  them,  is  immediately  to  acquaint  his  captain, 
that  upon  his  report  to  the  midshipman  they  may  be  replaced. 

The  man  who  takes  care  of  the  powder  is  to  place  himself  on 
the  opposite  aide  of  the  deck  from  tbat  where  we  engage, 
except  when  fighting  both  sides  at  once,  when  be  is  to  be  amid- 
ships. He  is  not  to  suffer  any  other  man  to  take  a cartridge 
from  him,  but  he  who  is  appointed  to  serve  the  gun  with  that 
article,  either  in  time  of  a real  engagement  or  at  an  exercise. 

Lanterns  are  not  to  be  brought  to  quarters  in  the  night,  until 
the  midshipman  gives  his  orders  for  so  doing  to  the  person  he 
i charges  with  that  article.  Every  thing  being  in  its  place,  and 
not  the  least  lumber  in  the  way  of  tbe  guns,  the  exercise  begins 
| with— 

1st.  Silence.  At  this  word  every  one  is  to  observe  a silent 
attention  to  tbe  officers. 

2d.  Cast  loose  your  Gum.  The  mnzzle-lashing  is  to  be  taken 
off  from  the  guns,  and  (being  coiled  up  in  a small  compass)  is 
to  be  made  fast  to  the  eye-bolt  above  the  ports.  The  lashing- 
taiklcs  at  the  same  time  to  be  cast  on,  and  the  middle  of  the 
, breechings  seised  to  the  thimble  of  the  pomilion.  The  sponge 
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to  be  taken  down,  and  with  the  crow,  handspike,  See.  laid  upon 
the  deck  by  the  gun.  When  prepared  Ibr  engaging  an  enemy . 
the  seizing  within  the  clinch  of  the  breeching  is  to  he  cut,  that 
the  gun  may  come  sufficiently  within  board  for  loading,  and 
that  the  force  of  the  recoil  may  he  more  spent  before  it  acts 
upon  the  breeching. 

3d.  Ami  your  Cuus.  The  breech  of  your  metal  is  to  be 
seised  so  as  to  admit  the  foot  of  the  bed's  being  placed  upon 
the  axle-tree  of  the  carriage  with  the  quoin  upon  the  bed,  both 
the  ends  being  even  one  with  the  other.  When  levelled  for 
firing,  the  bed  is  to  be  lashed  to  the  bolt  which  supports  the 
inner  end  of  it.  that  it  may  not  be  thrown  out  of  its  place  by 
the  violence  of  the  gun’s  motion  when  bot  with  frequent 
discharges. 

4th.  Take  out  your  Tompiutu.  The  tompion  is  to  be  taken 
oat  of  the  gun's  mouth,  and  left  hanging  by  its  laniard. 

6th.  Huh  out  your  Cunt.  With  the  tackles  hooked  to  the 
upper  bolts  of  die  carriage,  the  gun  is  to  be  bowsed  out  ns 
close  as  possible,  without  the  assistance  of  crows  or  handspikes, 
taking  care  at  the  same  time  to  keep  the  breeching  clear  of  the 
tracks,  by  hauling  it  through  the  rings  ; it  is  then  to  be  bent 
so  as  to  run  clear  when  the  gun  is  fired.  When  the  gun  is 
run  out,  the  tackle-falls  nre  to  be  laid  alongside  the  carriages 
in  neat  fakes,  that  when  the  gun,  by  rccoiliug,  overhauls  them, 
they  may  not  get  foul,  as  they  would  if  in  a common  coil. 

6th.  Prime.  If  the  cartridge  is  to  be  pierced  with  the  prim- 
ing wire,  and  the  vent  filled  with  powder,  the  pan  also  is  to  be 
filled,  and  the  flat  space,  having  a score  through  it  at  the  end 
of  the  pan,  is  to  be  covered  ; and  this  part  of  the  priming  is  to 
Lc  braised  with  the  round  part  of  the  horn.  The  apron  is  to  be 
laid  over,  and  the  horn  hung  up  out  of  danger  from  the  Hash  of 
the  priming. 

7th.  Point  your  Gum.  At  this  command  the  gun  is,  in  the 
first  place,  to  be  elevated  to  the  height  of  the  object  by  means 
of  tbe  side-sights ; and  then  the  person  pointing  is  to  direct  his 
fire  by  the  upper  sight,  having  a crow  on  one  side,  and  a hand- 
spike on  the  other,  to  heave  the  gun  by  his  direction  till  he 
catches  the  object.  The  men  who  heave  the  gun  for  pointing, 
arc  to  stand  between  the  ship  % aide,  and  their  «;iow*  or  hand- 
spikes, to  escape  the  injary  they  might  otherwise  receive  from 
their  being  struck  against  them,  or  splintered  by  a shot ; and 
the  man  who  attends  the  captain  with  a match  is  to  bring  it  at 
the  word  “ point  your  guns.”  and  kneeling  upon  one  knee 
opposite  the  train-truck  of  the  carriage,  and  at  such  distance 
as  to  be  able  to  touch  the  priming,  is  to  turn  his  head  from  the 
gun,  and  keep  blowing  gently  npon  the  lighted  match  to  keep 
It  clear  from  ashes.  And  as  the  missing  of  an  enemy  in  action, 
by  neglect,  or  want  of  coolness,  is  most  inexcusable,  it  is  par- 
ticularly recommended  to  have  the  people  thoroughly  instructed 
in  pointing  well,  and  taught  to  know  the  ill  consequences  of  not 
hiking  proper  means  to  hit  their  mark  ; wherefore  they  should 
»e  made  to  elevate  their  guns  to  the  utmost  nicety,  and  then  to 

oint  with  the  same  exactness;  and  haring  caught  the  object 
through  the  upper  sight,  at  the  word 

8th.  Fire,  The  match  is  instantly  to  be  put  to  the  bruised 
part  of  the  priming,  and  when  the  gun  is  discharged,  the  vent 
is  to  be  closed,  in  order  to  smother  any  spark  of  fire  that  may 
remain  in  the  chamber  of  the  gun;  and  the  man  who  sponges, 
is  immediately  to  place  himself  by  the  muzzle  of  the  gun  in 
readiness,  when,  at  the  next  word, 

Oth.  Sponge  your  Gun.  The  sponge  is  to  be  rammed  down 
to  the  bottom  of  the  chamber,  and  then  twisted  round,  to 
extinguish  effectually  any  remains  of  fire  ; and  when  drawn 
out,  to  be  struck  against  the  outside  of  the  muzzle,  to  shake  off 
any  sparks  or  scraps  of  the  cartridge  that  may  have  come  out 
with  it ; and  next  its  end  is  to  be  shifted  ready  for  loading ; 
and  while  this  is  doing,  the  man  appointed  to  provide  a car* 
tridge  is  to  go  to  the  hox,  and  by  the  time  the  sponge  is  out  of 
the  gun.  he  is  to  have  it  ready  ; and  at  the  word 

10th.  Load  with  Cartridge , The  cartridge  (with  bottom  end 
first,  seam  downwards,  and  a wad  after  it.)  is  to  be  put  into 
the  gQii,  and  thrust  a little  way  within  the  month,  when  the 
rammer  is  to  be  entered  ; the  cartridge  is  then  to  he  rammed 
down,  and  the  captain  at  the  same  time  is  to  keep  his  priming- 
wire  in  the  vent,  and  seeing  the  cartridge,  is  to  give  the  word 
*'  home,”  when  the  rammer  is  to  be  drawn,  and  not  before. 


While  this  is  doing,  the  man  appointed  to  provide  a shot  is  to 
provide  one  (or  two.  according  to  the  order  at  that  time,)  ready 
at  the  muzzle,  with  a wad  likewise  ; and  when  the  rammer  is 
drawn,  at  tho  word 

Iltb.  S/wt  your  Cun/,  The  shot,  and  wad  upon  it,  arc  to  be 
put  into  the  gun,  and  thrust  a little  way  down,  when  tbe  ram- 
mer is  to  be  entered  as  before.  The  shot  and  wad  are  to  be 
rammed  down  to  the  cartridge,  and  there  have  a couple  of 
forcible  strokes,  when  the  rammer  is  to  be  drawn,  and  laid  out 
of  the  way  of  the  guns  and  tackles,  if  the  exercise  or  action  is 
continued  ; but  if  it  Is  over,  the  sponge  is  to  be  secured  in  the 
place  it  is  at  all  times  kept  in. 

12th.  Put  in  your  Tompiotu.  The  tompions  to  be  pat  into 
the  tnnzzlc  of  tbe  casbion. 

13th.  House  your  Cun*.  Tbe  seizing  is  to  be  put  on  again 
upon  the  clinched  end  of  tba  breeching,  leaving  it  no  slacker 
than  to  admit  of  the  gun's  being  hoisted  with  ease.  The  quoin 
is  to  be  takeu  from  under  the  breech  of  the  gun  and  the  bed, 
still  resting  upon  the  bolt  within  the  carriage,  thrust  under  till 
the  foot  of  it  falls  off  the  axletree,  leaving  it  to  rest  npon  tbe 
end  which  projects  out  from  the  foot.  The  metal  is  to  be  let 
down  upon  this.  The  gnn  is  not  to  be  placed  exactly  square, 
and  the  muzzle  is  to  ho  close  to  the  wood,  in  its  proper  place 
for  passing  the  muzzlc.lashings. 

14th.  Secure  your  Cunt.  The  muzzle-lashings  must  first  be 
made  secure,  and  then  with  one  tackle,  having  all  its  parts 
equally  taught  with  the  breeching,  the  gun  is  to  be  lashed. 
The  other  tackle  is  to  be  bowsed  taught,  and  by  itself  made 
fast,  that  it  may  be  ready  to  cast  off  for  lashing  a second 
breeching.  Care  roast  be  taken  to  hook  the  first  tackle  to  the 
upper  bolt  of  the  carriage,  that  it  may  not  otherwise  obstruct 
the  reeving  of  the  second  breeching,  and  to  give  the  greater 
length  to  the  end  part  of  the  fall.  No  pains  must  be  spared  in 
bowsing  the  lashing  very  taught,  that  the  guns  may  have  the 
least  play  that  is  possible,  as  their  being  loose  may  be  produc- 
tive of  very  dangerous  consequences.  Tho  quoin,  crow,  and 
handspike,  are  to  be  put  uuder  the  gun ; the  powder  horn  hung 
up  in  its  place,  Ac. 

" Being  engaged  at  any  time  when  there  is  a large  swell,  a 
rough  sea,  or  in  squally  weather,  Ac.  as  the  ship  may  be  liable 
to  be  suddenly  much  heeled,  the  port  tackle-fall  is  to  be  kept 
clear,  and  whenever  the  working  of  the  gun  will  admit  of  it, 
the  man  charged  with  that  office  is  to  keep  it  in  his  hand;  at 
the  same  time  the  muzzle  lashing  is  to  be  kept  fast  to  the  ring 
ol  the  port,  and  being  hauled  taught,  is  to  be  fastened  to  the 
eye-bolt  over  the  port  hole,  so  as  to  bo  out  of  the  gun’s  way  in 
firing,  in  order  to  haul  it  in  at  any  time  of  danger.  This  pre* 
caution  is  not  to  be  omitted  when  engaging  to  the  windward, 
any  more  than  when  to  the  leeward,  those  situations  being  very 
subject  to  alter  at  too  short  a warning.  A train  tackle  is  always 
to  be  made  use  of  with  the  Icc  guns,  and  the  man  stationed  to 
attend  it  is  to  be  very  careful  in  preventing  the  gun’s  running 
out  at  an  improper  time. 

Exekcisk  may  also  be  applied  with  propriety  to  the  forming 
a fleet  into  order  of  sailing,  line  of  battle.  Ac.  an  art  which  tho 
French  have  termed  evolutions  or  tactics.  In  this  sense  exer- 
cise may  be  defined  the  execution  of  the  movements  which  the 
different  orders  and  dispositions  of  fleets  occasionally  require, 
and  which  the  several  ships  arc  directed  to  perform  by  means 
of  signals. 

EXHAUSTED  Receiver,  a glass,  or  other  vessel,  out  of 
which  the  air  hath  been  drawn  by  means  of  the  air-pump.  See 
Pneumatics. 

EXHAUSTIONS,  in  Geometry.  Method  of  exhaustions  is 
a way  of  proving  the  equality  of  two  magnitudes,  by  a reduetio 
ad  ahsurdum,  shew  ing,  that  if  one  be  supposed  either  greater 
or  less  than  the  other,  there  will  arise  a contradiction.  Tbe 
I method  of  exhaustions  was  of  frequent  use  among  the  ancient 
mathematicians,  as  Euclid.  Archimedes,  Ac.  It  is  founded  on 
what  the  former  sa>s  in  bis  tenth  book,  n'z.  that  those  quan- 
I titics  whose  difference  is  less  than  any  assignable  quantity,  are 
equal ; for  if  they  were  unequal,  however  small  the  difference 
might  be,  yet  it  might  be  so  multiplied,  as  to  become  greater 
than  eitherof  them,  and  if  not  so,  then  it  is  really  nothing. 

EXHIBIT,  in  Law,  is  where  a writing,  being  produced  in  a 
[ chancery  suit,  tbe  commissioner  certifies  on  the  back  thereof. 


EXP 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


EXP 


5896 


that  the  same  was  shewn  to  the  witness  at  the  time  of  his 
examination,  and  by  hitn  sworn  to. 

EXHIBITION, a l>t*ne faction  settled  for  the  benefit  of  scho- 
lars in  the  universities,  that  are  not  on  the  foundation. 

EXIGENT,  in  Law,  a writ  which  lies  where  the  defendant 
in  a personal  action  cannot  lie  found,  nor  any  effects  of  bis 
within  the  country,  by  which  he  may  be  attached  or  distrained. 

EXOCOETUS.or  the  Flying  Fish,  in  Ichthyology,  a genus 
belonging  to  the  order  of  abdomtnales.  When  pursued  by 
another  fish,  it  raises  itself  from  the  water  by  means  of  these 
fins,  and  flics  in  the  air  to  a considerable  distance,  till  the  fins 
are  dry,  and  then  it  fnlls  down  into  the  water.  In  its  own 
element  it  is  perpetually  harassed  by  the  dorados  and  other 
fish  of  prey.  If  it  endeavours  to  avoid  them,  by  having  recourse 
to  the  air,  it  either  moeta  its  fate  from  the  gulls  or  the  alba- 
tross, or  is  forced  dow  n again  into  the  mouths  of  the  inhabitants 
«f  the  water,  who  below  keep  pace  with  its  aerial  excursions. 
This  fish  is  most  common  between  the  tropics. 

EXOTIC,  an  appellation  for  the  produce  of  foreign  coun- 
tries. Exotic  plants  of  the  hot  climates  are  very  numerous, 
and  require  the  utmost  attention  of  the  gardener. 

EXOTERIC  and  ESOTERIC,  are  terms  denoting  external 
and  internal,  and  were  applied  to  the  double  doctrine  of  the 
ancient  philosophers,  the  former  public  and  open,  and  the 
latter  secret,  or  confined  to  a select  number  of  disciples. 

EXPANSION,  in  Pbyiics,  is  the  enlargement  or  increase  in 
the  bulk  of  bodies,  in  consequence  of  a change  in  their  tempe- 
rature. This  is  one  of  the  most  general  effects  of  heat,  being 
common  to  all  bodies  whatever,  whether  solid  or  fluid.  The 
expansion  of  solid  bodies  is  determined  by  the  Pyrometer, 
and  that  of  fluids  by  the  Thermometer.  Set  these  articles. 

The  expansion  of  fluids  varies  considerably  ; but,  in  general, 
(he  denser  the  fluid,  the  less  the  expansion : thus,  water  ex- 
pands morn  than  mercury,  aud  spirits  of  wine  more  than 
water;  and  commonly  the  greater  the  heat,  the  greater  the 
expansion ; but  this  is  not  universal,  for  there  are  cases  in 
which  expansion  is  produced,  not  by  an  increase,  but  by  a 
diminution  of  temperature.  Water  furnishes  us  with  the  most 
remarkable  instance  of  (his  kind.  Its  maximum  of  density 
corresponds  wiib  42°.6  of  Fahrenheit’s  thermometer,  when 
cooled  down  below  42° .6.  it  undergoes  an  expansion  fot  every 
degree  of  temperature  which  it  loses ; and  at  32°  the  expan- 
sion amounts  to  dn  of  the  whole  expansion  which  water  under- 
goes when  heated  from  42° .6  to  212**.  With  this,  more  recent 
experiments  coincide  very  nearly  ; for  by  cooling  100,000  parts 
in  bulk  of  water  from  42°.6  to  32°,  they  were  converted  to 
100,031  parts.  The  expansion  of  water  is  the  same  for  any 
number  of  degrees  above  or  below  the  maximum  of  density. 
Thus,  if  we  heat  water  ten  degrees  above  42° .5,  it  occupies  pre- 
cisely the  same  bulk  as  it  docs  when  cooled  down  ten  degrees 
below  42°.5.  Therefore  the  density  of  water  at  32°  and  at  53° 
is  precisely  the  same.  Dalton  cooled  water  to  the  tempera- 
ture of  6°  without  freezing,  or  37°,6  below  the  maximum  point 
of  density ; and  during  the  whole  of  that  range,  its  hulk  pre- 
cisely corresponded  with  the  bulk  of  water  the  same  number  of 
degrees  above  42°.5. 

The  prodigious  force  with  which  water  expands  in  the  act  of 
freezing,  is  shewn  by  glass  bottles  filled  with  water,  which  arc 
commonly  broken  in  pieces  when  the  water  freezes.  A brass 
globe  whose  cavity  is  an  inch  in  diameter,  may  be  hurst  by 
filling  it  with  water  and  freezing  it.  and  the  force  necessary  for 
this  effect  is  27,720  this  weight.  The  expansive  force  of  freez- 
ing water  may  be  explained,  by  supposing  it  the  consequence 
of  a tendency  which  watrr,  in  consolidating,  is  observed  to 
have  to  arrange  its  particles  in  one  determinate  manner,  so  as 
to  form  prismatic  crystals,  crossing  each  other  at  angles  of 
00°  and  1205.  The  force  with  which  they  arrange  themselves 
in  this  manner  must  be  enormous,  since  it  enables  small  quan- 
tities of  water  to  overcome  so  great  mechanical  pressures.  This 
observation  is  conspicuously  illustrated  by  observing  the  crys- 
tals of  ice  on  a piece  of  water  exposed  to  the  action  of  the  air 
in  frosty  weather ; or  upon  a pane  of  glass  in  a window  of  a 
room  without  a fire,  at  the  same  season.  Various  methods 
have  been  tried  to  ascertain  the  specific  gravity  of  ice  at  32°  : 
that  which  succeeded  best  w as  to  dilate  spirits  of  wine  with 
water  till  a mass  of  solid  ice  put  into  it  remained  in  any  pnrt 


of  the  liauid  without  either  sinking  or  rising.  The  specific 
gravity  or  such  a liquid  is  0.92.  which  of  course  Is  the  specific 
gravity  of  ice,  supposing  the  specific  gravity  of  water  at  to 
be  1.  This  is  an  expansion  much  greater  than  water  experi- 
ences even  when  heated  to  212°,  its  boiling  point.  We  see 
from  this,  that  water,  when  converted  into  ice,  no  longer  ob- 
serves that  equable  expansion  measured  by  Dalton,  but  under- 
goes a very  rapid  and  considerable  augmentation  of  bulk. 

EXPARTE,  a term  used  in  the  Court  of  Chancery,  when  a 
commission  is  taken  out  and  executed  by  one  side  or  party 
only,  upon  the  other  parties  ueglectingor  refusing  tojoin  therein. 

EXPECTATION,  in  the  Doctrine  of  Chances,  is  the  value 
any  prospect  of  prize  or  property  depending  upon  the  happen- 
ing of  some  uncertain  event,  the  value  of  which  in  all  cases  is 
equal  to  the  whole  sum  multiplied  by  the  probability  that  the 
event  on  which  it  depends  may  happen. 

Expects  non,  in  the  Doctrine  of  Life  Annuities,  denotes  that 
particular  number  of  years  which  a life  of  a given  age  has  an 
equal  chance  of  enjoying,  or  the  time  which  a person  of  a 
given  age  may  justly  expect  to  live.  But  Simpson  has  shewn 
that  this  period  does  not  coincide  with  that  which  writers  on 
annuities  call  the  expectation  of  life,  except  on  a supposition 
of  a uniform  decrease  in  the  probabilities  of  life  ; and  Dr.  Price 
adds,  that  even  on  this  supposition  it  does  not  coincide  with 
what  is  called  the  expectation  of  life,  in  any  case  of  joint  Jives. 
See  Survivorship.  The  expectation  of  life  coincides  with  the 
sums  of  the  present  probabilities,  that  any  single  or  joint  life 
shall  attain  to  the  cod  of  the  first,  second,  third,  ice.  moments 
from  this  time  to  the  end  of  their  possible  existence,  or  in  ease 
of  survivorships,  with  the  sum  of  the  probabilities,  that  there 
shall  be  n survivor  at  the  expiration  of  those  periods.  From 
! which  principles  Ur.  Price  has  shewn  how  Demoivre  deduced 
, bis  rules  for  deteijnining  the  expectation  of  any  given  life. 
'<  Simpson's  Table  of  the  Expectation  of  Life  in  London,  is  as 
i follows : 


Air*. 

Expectation. 

Af*. 

EipocUcUm.  Age. 

Expectation. 

A**. 

Expectation 

1 

270 

21 

28*3 

41 

19*2  1 

61 

120  I 

2 

32  0 

22 

27*7 

42 

18*8 

62 

116 

3 

34  0 

M 

27-2 

43 

18*5 

(S3 

112 

4 

350 

24 

260 

44 

181 

64 

108 

A 

36*0 

25 

261 

45 

17  8 

65 

10*5 

6 

30  0 

2G 

266 

40 

17  4 

66 

10-1 

7 

35-8 

27 

»i 

47 

17  0 

67 

«-8  ; 

8 

356 

28 

24  6 

48 

16  7 

68 

!>* 

1) 

35-2 

29 

241 

49 

16*3 

69 

9 1 ! 

10 

34-8 

30 

23*6 

60 

16U 

70 

8*8 

n 

31.3 

31 

23-1 

61 

15*6 

71 

8’4  1 

12 

33-7 

32 

22-7 

62 

152 

72 

8-1  | 

13 

33- 1 

:« 

223 

53 

14  9 

73 

7-8  | 

14 

326 

31 

219 

64 

14  5 

74 

7 5 

16 

31’9 

36 

21  6 

65 

14**2 

75 

72  | 

l<i 

31*3 

36 

21.1 

50 

13  8 

76 

6-8 

17 

:h>'7 

37 

20*7 

57 

13*4 

77 

6*4 

18 

30  1 

38 

20-3 

58 

13? 

78 

6 0 

19 

29-5 

39 

19  9 

69 

12*7 

79 

65 

20 

28-9 

r 

19-6 

60 

i 

12*4 

80 

5.0 

From  this  table,  the  expectation  of  life,  at  any  age,  is  found 
on  inspection  ; thus,  a person  of  20  years  of  age  has  an  expec- 
tation of  living  289  years,  and  in  the  same  manner  may  be 
found  the  expectation  at  any  other  age. 

EXPECTORANTS,  io  Pharmacy,  medicines  which  promote 
expectoration;  such  are  the  stimulating  gums  and  resins, 
squills.  ice. 

EXPECTORATION,  the  act  of  evacuating  or  bringing  up 
phlegm,  or  other  matters,  out  of  the  trachea  and  lungs,  by 
coughing.  8cc. 

EXPERIMENT,  in  Philosophy,  is  a trial  of  the  effect  or 
result  of  certain  applications  and  motions  of  natural  bodies,  in 
order  to  discover  their  natures,  laws,  relations,  & c. 

EXPERIMENTAL  Philosophy,  is  that  which  deduces  the 
laws  of  nature,  the  properties  aud  powers  of  bodies,  and  their 
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action*  upon  each  other,  from  sensible  experiments  and  obser- 
vations. In  our  inquiries  into  nature,  we  are  to  be  guided  by 
those  rules  and  maxims  which  are  found  genuine,  find  conso- 
nant to  a just  method  of  physical  reasoning ; and  these  rules 
are  by  Sir  Isaac  Newton  reckoned  four,  mr,  1.  More  causes 
of  natural  things  arc  not  to  bo  admitted,  than  are  true,  and 
sufficient  to  explain  the  phenomena ; for  nature  is  simple,  and 
does  nothing  in  vain.  2.  Therefore  of  natnral  effects  of  the 
same  kind,  the  same  causes  are  to  be  assigned,  as  far  as  it  can 
be  done  ; as  of  respiration  in  man  and  beasts,  of  the  descent  of 
stones  in  Europe  and  America,  of  light  in  a culinary  tiro  and  in 
the  sun,  and  of  tbe  reflection  of  light  in  the  earth  and  the  other 
planets.  3.  The  qualities  of  natural  bodies  which  cannot  be 
increased  or  diminished,  and  agree  to  all  bodies  on  which 
experiments  can  be  made,  are  to  be  reckoned  as  tbe  qualities 
of  all  bodies  whatever ; thus,  because  extension,  divisibility, 
hardness,  impenetrability,  mobility,  the  vis  inertia,  and  gravity, 
are  found  iu  all  bodies  under  our  inspection,  we  may  conclude 
that  they  belong  to  all  bodies  whatever,  and  of  which  they  are 
tbe  original  and  universal  properties.  4.  Id  experimental 
philosophy,  propositions  collected  from  the  phenomena  by 
induction,  are  to  be  deemed  (notwithstanding  contrary  hypo- 
theses) either  exactly,  or  very  nearly  true,  till  other  phenomena 
occur,  by  which  they  may  be  rendered  more  accurate,  or  liable 
to  exception.  This  ought  to  he  done,  lest  argument  of  induc- 
tion should  bo  destroyed  by  hypotheses,  and  logical  scries  be 
superseded  by  conjectures. 

EXPERIMENT!.' M Ckucjs,  a leading  or  decisive  experi- 
ment, is  so  termed  on  account  of  its  being  like  a cross,  placed 
in  the  meeting  of  several  roads,  guiding  men  to  tbe  true  know- 
ledge of  what  they  arc  inquiring  after;  or  on  account  of  its 
being  a kind  of  torture,  whereby  tbe  nature  of  the  thing  is  dis- 
covered by  force. 

EXPLOSION,  in  Natural  Philosophy,  a sudden  and  violent 
expansion  of  an  aerial  or  other  clastic  fluid,  by  which  it  iostautly 
throws  off  any  obstacle  in  its  way.  Explosion  differs  from 
expansion  in  this ; that  the  latter  is  a gradual  power,  acting 
uniformly  for  some  time,  whereas  the  former  is  momentary. 
The  expansions  of  solid  substances  do  not  terminate  in  violent 
explosions,  on  account  of  their  slowness,  and  tbe  small  spare 
through  which  the  expanding  substance  moves.  Thuswc  lind, 
that  though  wedges  of  wood,  when  wetted,  will  cleave  solid 
blocks  of  stone,  they  never  throw  them  to  any  distance,  as 
gunpowder  does.  On  the  other  hand,  it  is  seldom  that  the 
expansion  of  any  elastic  fluid  bursts  a solid  substance,  without 
throwing  the  fragments  of  it  to  a considerable  distance.  The 
reasons  of  this  may  he  comprised  in  these  particnlara  : 1.  The 
immense  velocity  with  which  tbe  aerial  fluids  expand,  when 
affected  by  a considerable  degree  of  heat.  2.  Their  celerity  in 
acquiring  heat,  and  being  affected  by  it,  which  is  much  superior 
to  that  of  solid  substances.  Thus  air,  heated  as  mach  as  iron 
when  brought  to  a white  heat,  is  expanded  to  four  times  its 
bulk  : but  the  metal  itself  will  not  he  expanded  the  500th  part 
of  that  space.  In  the  case  of  gunpowder,  the  velocity  with 
which  the  flame  moves  is  calculated  by  Mr.  Robins,  to  be  no 
less  than  7000  feet  in  a second,  or  little  less  than  70  miles  per 
minute.  Hence  the  impulse  of  the  fluid  is  inconceivably  great, 
and  the  obstacles  on  which  it  strikes  arc  carried  off  with  vast 
velocity,  though  much  less  than  that  just  mentioned ; for  a 
cannon-ball,  with  the  greatest  charge  of  powdeT,  does  not 
move  at  a greater  rate  than  2400  feet  per  second,  or  little  more 
than  27  miles  per  minute.  The  velocity  of  tbe  hall  again  is 
promoted  by  the  sudden  propagation  of  tho  heat  through  the 
whole  body  of  the  air,  as  soon  as  it  is  extricated  from  the 
materials  of  which  the  gunpowder  is  made,  so  that  it  is 
enabled  to  strike  all  at  once,  and  thus  greatly  to  augment 
the  movements  of  the  hall.  We  may  conclude,  upon  these 
principles,  that  the  force  of  an  explosion  depends,  1.  on  the 
the  quantity  of  elastic  fluid  to  be  expended  ; 2.  on  the  velocity 
it  acquires  by  a certain  degree  of  heat;  and  3.  on  the  cele- 
rity with  which  the  degree  of  heat  affects  the  whole  of  the 
expansile  fluid.  These  three  take  place  in  the  greatest  perfee- 
tion  where  tbe  electric  fluid  is  concerned,  as  in  lightning,  earth- 
quakes, and  volcanoes.  Set  Steam. 

EXPONENT,  in  Algebra,  a number  placed  over  any  power 
oriovo'ved  quantity,  to  shew  to  what  height  the  root  is  ruised; 


thus  the  number  2 is  tbe  exponent  of  x4,  and  4 the  exponent 
of  x4,  or  xje  x x. 

EXPORTATION,  in  Commerce,  the  art  of  sending  goods 
out  of  oue  country  into  another. 

EX  POST  FACTO,  iu  Law,  something  done  after  another ; 
thus,  a law  is  said  to  be  ex  oast  facto  w hen  it  is  enacted  to 
punish  an  offence  committed  before  the  passing  of  the  law  ; a 
violation  of  the  plainest  principles  of  justice. 

EXPRESSED  OILS,  in  Chemistry,  are  those  which  are 
obtained  from  bodies  only  by  pressing,  to  distinguish  them 
from  animal  and  essential  oils,  which  last  are  for  the  most  part 
obtained  by  distillation. 

EXTENSION,  in  Philosophy,  one  of  the  common  and  essen- 
tial properties  of  body,  or  that  by  which  it  possesses  or  takes 
up  some  part  of  universal  space. 

EXTENT,  in  Law,  signifies  a writ  or  command  to  the 
sheriff,  for  the  valuing  of  lands  or  tenements ; and  sometimes 
the  act  of  the  sheriff,  or  other  commissioner,  upon  this  writ ; 
but  most  commonly  it  denotes  an  estimate  or  valuation  of 
lands,  and  hence  come  our  extended  or  rack  rents. 

EXTERMINATION,  in  general,  the  extirpating  or  destroy- 
ing something.  In  Algebra,  surds,  fractious,  aud  unknown 
quantities,  are  exterminated  by  the  rules  observed  for  reducing 
equations.  • 

EXTRA  Judic.al,  in  Law,  is  when  judgment  is  given  in  a 
cause  or  case  not  depending  in  that  court  where  such  judg- 
ment is  given,  or  wherein  thejudge  has  no  jurisdiction,  or  legal 
authority. 

Extra  Parochial , out  of  any  parish  ; privileged  or  exempted 
from  tbe  duties  of  a parish. 

EXTRACT,in  Pharmacy,  is  a solution  of  the  purer  parts  of 
a mixed  body  inspissated,  by  distillation  or  evaporation,  nearly 
to  the  consistence  of  honqy. 

Extract,  exists  in  almost  all  plants,  and  consists  principally 
of  astringent  matter,  and  extract ; by  the  action  of  water  upon 
it,  the  astringent  matter  is  first  dissolved,  and  may  be  sepa- 
rated from  the  extract.  Extract  is  always  more  or  less 
coloured  ; it  is  soluble  in  alcohol  and  water,  but  not  soluble  in 
ether.  It  unites  with  alumina  when  that  earth  is  boiled  in  a 
solution  or  extract ; and  it  is  precipitated  by  the  salts  of  alu- 
mina, and  by  many  metallic  solutions,  particularly  the  solution 
of  muriate  of  tin.  From  the  products  of  its  distillation,  it  seems 
to  he  composed  principally  of  hydrogen,  oxygen,  carbon,  and 
a little  azote. 

EXTRACTION  op  the  Square  Root.  Extracting  tbe 
square  root  is  to  find  out  such  a number  as.  being  multiplied 
into  itself,  the  product  will  be  equal  to  the  given  number. 
Rule  I.  Point  the  given  number,  beginning  at  the  unit's  place, 
then  to  the  hundreds,  and  so  upon  every  second  figure  through- 
out. 2.  Seek  the  greatest  square  number  in  tbe  first  point 
towards  the  left-hand,  placing  the  square  number  under  the 
first  point,  and  the  root  thereof  in  tbe  quotient ; subtract  the 
square  number  from  the  first  point,  and  to  the  remainder  bring 
down  the  next  point,  and  call  that  the  Resolvend.  3.  Double 
'the  quotient,  and  place  it  for  a divisor  on  the  left-hand  of  the 
resolvend  ; seek  bow  often  the  divisor  is  contained  in  the 
resolvend,  (preserving  always  the  unit’s  place,)  and  put  tbe 
answer  in  tbe  quotient,  and  also  on  the  right-hand  side  of  the 
divisor;  then  multiply  hy  the  figure  last  putin  the  quotient, 
and  subtract  the  product  from  the  resolvend ; bring  down  tho 
next  point  to  tho  remainder,  (if  there  be  any  more  ) and  pro- 
ceed as  before. 

Roots,  1.  2.  3.  4.  5.  6.  7.  8.  9. 

# Squares,  I.  4.  9.  16.  25.  36.  49.  64.  81. 

Example.  What  is  tbe  square  root  of  I 19025? 

119025(345  A ns. 

9 

64)590 

256 

685)3425 

3425 

4 G 
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To  Extract  the  Square  Root  of  simple  Algebraic  Quantities.— 
Extract  the  root  of  the  co-cfficicnt  for  (he  numerical  part,  and 
divide  the  index  of  the  letter,  or  letters,  by  the  exponent  of 
the  proposed  root,  and  it  will  give  the  answer  required.  Thus 
the  square  root  of  War*  — 3x*  = 3*;  and  the  cube  root  of 
ox*  ==  2 x. 

To  find  ike  Root  of  Compound  Quantities,  proceed  as  in  com- 
mon arithmetic,  ranging  the  quantities  according  to  the  dimen- 
sions of  one  of  the  letters,  aud  proceed  as  under : 

Ex.  1.  Extract  the  square  root  of  x4  — 4x»  + 6x*  — 4x  -f  1. 
x*  — 4r*  4-  Gx*  — 4x  4-  1 (x*  — 2*  + 1 = roof 


2x*  — 2x)  — 4x>  -f  6x* 

— 4x*  4-  4** 

2x*  — 4x  -f-  1)  tlx*  - 4r  + 1 
2x»  — 4a  + 1 

2.  Extract  the  square  root  of  4s4  + 12s,x+  13a*x*  + 6«**+ x4 
4a*  + 12n*x  + 13s***  + Cox*  4*  **  (2«*  + 3«x  + sfl 

4 a*  

4a1  -f-  3 or)  12a»x  4-  31d*x* 

• 12<r*x  4-  9 «*x» 

4 a*  4"  6«ix  4-  x*)4  d’x*  4-  flax*  + x* 

4 a*x*  4-  6«aJ  4~  ** 

To  find  the  Roots  of  Powers  in  general. — Find  the  root  of  the 
first  term,  and  place  it  in  the  quotient;  subtract  its  powe;r 
from  that  term;  then  bring  down  the  second  terra  of  the  divi- 
dend. Involve  the  root,  last  found,  to  the  next  lowest  power, 
and  multiply  it  by  the  index  of  the  given  power  for  a divisor ; 
divide  the  dividend  by  this  divisor,  and  the  quotient  will  be 
the  next  term  of  the  root.  Involve  now  the  whole  root,  and 
subtract  and  divide  as  before ; and  so  on  till  the  whole  is 
finished. 

Ex.  1.  Required  the  square  root  of«i4 — 2«,x  + 3«'x*—  2dx*+  x*. 
a*  — 2«*  x 4-  3 a*  *• — 2 a x*  + x4  («*  — « x -f-  *• 


2d*)—  2d'x 

a*  — 2 a*  x 4-  a * x*  = (a1  — a x)» 

2«*)  2 a*x* 

«4  — 2a*x  4-  3 a*  x1  • — 2 a x*  4-  x*  = («»  — a x + x*)* 

Ex.  2.  Extract  the  cube  root  ofa«  -f  Gx4  — 40  x*  + 96x  = 04. 
x*  + fa*  — 40  x*  4-  96  x — G4  (x*  4-  2 x — 4 
x« 


3x*)  6x* 

24  4-  gx*  4-  12 x*  4-  = (**  4*  2x)» 

Sr4) — 12  x4 

x4  + tlx4  — 40 x*  4-  Wx  — 64=(*»  + 2x-  4)» 


Extraction  of  the  Cube  Root.  To  extract  the  cube  root  is 
to  find  out  a number,  which  being  multiplied  into  itself,  and 
then  into  that  product,  producetb  the  given  number.  Rule  1. 
Point  every  third  figure  of  the  cube  given,  beginning  at  the 
unit’s  place  : seek  the  greatest  cube  to  the  first  point,  and  sub- 
tract it  therefrom ; put  the  root  in  the  quotient,  and  bring 
down  the  figures  in  the  next  point  to  the  remainder  for  a 
rcsolvend.  2.  Find  a divisor , by  multiplying  the  square  of  the 
quotient  by  3.  See  bow  often  it  is  contained  in  the  rcsolvend, 
rejecting  the  units  and  tens,  and  put  the  answer  in  the  quo- 
tient. 3.  To  find  the  subtrahend.  1.  Cube  the  last  figure  in 
the  quotient.  2.  Multiply  all  the  figures  in  the  quotient  by  3, 
except  the  last,  and  that  product  by  the  square  of  the  last.  3. 
Multiply  the  divisor  by  the  last  figure  : Add  these  products  to- 
gethcr/and  they  will  give  the  subtrahend  : which  subtract  from 
the  rcsolvend ; to  the  remainder  bring  down  the  next  point, 
und  proceed  as  before. 

Roots.  1.  2.  3.  6.  6.  7.  8.  9. 

Cubes.  1.  8.  27.  12k  21C.  313.  612.  729. 


Example.  What  is  the  cube  root  of  99262847 ! 

99252847  (463 
Divisor,  64  = cube  of  4. 

Square  of  4 x 3 = 48)36262  rcsolvend. 

216  = cube  of  6. 

432  = 4 x 3 X by  square  of  6 
288  = divisor  x by  6 

Divisor,  33336  subtraheud. 

Square  of  46  x 3 = 6348)  1916847  rcsolvend. 

27  = cube  of  3. 

1242  = 46  x 3 X by  square  of  3. 
10044  — divisor  x by  3. 


1916847  subtrahend. 


A more  Concise  Method  of  Extracting  the  Cube  Root  . Rule  1. 
Point  every  third  figure  of  the  cube  given,  beginning  at  the 
unit’s  place,  then  find  the  highest  cube  to  the  first  point,  and 
subtract  it  therefrom,  put  the  root  in  the  quotient,  bring  down 
the  figures  in  thoncxl  point  to  the  remainder  for  a resolvent). 

2.  Square  the  quotient,  and  triple  the  square  for  a divisor. 
As  4 X 4 X 3 = 48.  Find  bow  often  it  is  contained  in  the 
resolvcnd,  rejecting  units  and  tens,  and  pot  the  answer  in  the 
quotient.— 3.  Square  the  last  figure  in  the  quotient,  and  put  it 
on  the  right-hand  of  the  divisor.  As  6x6  — 3®  put  to  the 
divisor  4 8 = 4836.-4.  Triple  the  last  figure  in  the  quotient, 
and  multiply  by  the  former,  put  it  under  the  other,  units  under 
the  tens,  add  them  together,  and  multiply  the  sum  by  the  last 
figure  in  the  quotient,  subtract  that  product  from  the  rcsolvend, 
bring  down  the  next  point,  and  proceed  as  before. 


Example.  What  is  the  cab©  loot  of  99252847 ! 


The  square  of  4 X 3 = 48  divisor. 
The  square  of  6 put  to  48  = 4836 

6X  3 x 4 72x 

6566  x 6 


99262847(463 

64 

35252 
3336 
191 6847 


The  square  of  46  = 2116  x 3 = 6348  divisor. 
The  square  of  3 = 9 put  to  6348  — 634809 
3 X 3 X 46  = 414 


638949  X 3 = 1916847 


Hence  the  cube  root  of  99262847  — 463 
for  463  X 403  X 463  = 99262847 


Another,  and  a very  simple  method  of  extracting  the  cube 
root,  is  as  follows  : Point  off  the  given  number  in  periods  of 
three  figures,  beginning  at  the  unit's  place.  Find  the  root  of 
the  last  period,  *.  e.  the  period  on  the  left-hand  side  of  the 
number;  subtract  this  root,  as  in  the  following  example,  where 
64  is  taken  from  99;  to  the  remaioder  35  bring  down  the  next 
period  262,  and  seek  a divisor  by  multiplying  the  square  of 
the  quotient  4(i.r.  16)  by  300,  and  the  product  4800  will  be 
the  new  divisor,  which  is  contained  in  36262  six  times;  set 
this  6 in  the  quotient.  Bring  down  the  two  periods  99  and  262 
into  one  sum  99262 ; now  cube  the  quotient  46,  and  place  its 
product  97338  under  the  dividend ; subtract  the  cube  from  this 
dividend,  and  to  the  remainder  1916,  bring  down  the  next 
period  in  the  dividend,  eix.  847 ; square  the  quotient  46,  mul- 
tiply this  square  by  300  for  a divisor,  find  how  often  it  is  con- 
tained in  1916847,  r»*.  three  times  ; set  this  3 in  the  quotient. 
Bring  down  the  whole  dividend  90,252,847,  cube  the  ouotient 
463,  and  subtract  its  product  as  before,  and  so  on  till  the  divi- 
dend is  exhausted ; — 
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Thus : 


99,252|847(4fi3 

64 


4s  X 


300  = 4800  35252(6 
28800 


99252 
46*  = 97336 


46j*  X 300  ~ 634800  1916847(3 
1904400 


99252847 
463 1>  — 99252847 


EXTRACTOR,  in  Midwifery,  an  instrument,  or  forceps,  for 
extricating  children  by  the  head. 

EXTRADOS,  the  outside  of  an  arch  of  a bridge,  vault,  Ac. 
See  Bridor. 

EXTRAVASATION,  In  contusions,  and  other  accidents  of 
the  cranium,  is  when  one  or  more  of  the  blood-vessels  distri- 
buted on  the  dura  mater,  are  broken,  whereby  there  is  such  a 
discharge  of  blood  as  oppresses  the  brain,  frequently  bringing 
on  violent  pains,  and  at  length  death  itself,  unless  the  patient 
is  timely  relieved. 

EXTREME  and  Mean  Proportional.  See  Proportional. 

EXTREMES,  Conjunct  and  Disjunct,  in  Spherical  Trigo- 
nometry, are,  the  former,  the  two  circular  parts  that  lie  next 
the  middle  part,  and  the  latter,  the  two  that  lie  remote  from  the 
middle  part.  These  were  the  terms  applied  by  Napier  in  his 
universal  theorem,  commonly  called  Napier's  Circular  Parts. 

EXUVIAE,  among  naturalists,  denotes  the  caxt-olT  parts  or 
coverings  of  animals,  as  the  skins  of  serpents,  caterpillars,  and 
other  insects. 

EYE.  the  organ  of  sight,  consisting  of  several  parts,  so 
adapted  to  each  other  as  to  answer  the  purpose  of  distioct 
vision  when  placed  in  a proper  situation  with  regard  to  light 
and  shade.  The  eye,  though  properly  a subject  of  anatomy,  is 
s?  connected  with  the  doctrine  of  vision,  that  its  structure  must 
first  be  understood  before  any  advances  can  be  made  in  that 
theory,  and  as  such  it  becomes  a matter  of  philosophical 
inquiry  and  must  not  therefore  be  wholly  omitted  in  the  pre- 
sent work,  although  our  limits  will  only  admit  of  a brief  illus- 
tration of  its  construction  and  principal  mode  of  operation. 
The  annexed  figure  represents 
a section  of  the  human  eye, 
made  by  a plane,  which  is  per- 
pendicular to  the  coats  which 
contain  its  several  humours, 
nod  also  to  the  nose.  Its  form 
is  nearly  spherical,  and  would 
be  exactly  so,  were  not  the 
forepart  a little  more  convex 
than  the  remainder ; the  parts 
B F B,  BAB,  are.  in  reality,  segments  of  a greater  and  less 
sphere.  The  humours  of  the  eye  are  contained  in  a firm  coat 
B F,  BA.  called  the  trier  at  tea  ; the  more  convex  or  protube- 
rant part  of  which,  BAB,  is  transparent,  and,  from  its  con- 
sistency and  horny  appearance,  it  is  called  the  cornea.  This 
coat  is  represented  by  the  space  contained  between  the  two 
exterior  circles  B F,  BA.  Contiguous  to  the  sclerotica  is  a 
second  coat,  of  a softer  substance,  called  the  choroeides ; this 
coat  is  represented  by  the  next  white  space,  and  extends  along 
the  back  part  of  the  sclerotica  to  the  cornea.  From  the  junc- 
tion of  the  cboroeides  and  cornea,  arises  the  urea,  Ba,  Ha,  a 
flat  opaque  membrane,  in  the  forepart  of  which,  and  nearly  in 
its  centre,  is  a circular  aperture  called  the  pupil.  The  pupil  is 
capable  of  being  enlarged  or  contracted  with  great  readiness  ; 
by  which  means,  a greater  or  less  number  of  rays  may  be 
admitted  into  tbe  eye,  as  the  circumstances  of  vision  require. 
In  weak  light,  too  few  rays  might  render  objects  indistinct ; 
and  in  a strong  light,  too  many  might  injure  the  organ.  Whilst 
the  pupil  is  thus  enlarged  or  contracted,  its  figure  remains 
unaltered.  This  remarkablo  effect  is  thought  to  be  produced 
by  means  of  smsll  fibres  which  arise  from  the  outer  circumfo' 
rcnce  of  the  uvea,  and  tends  towards  its  centre ; this  circum- 


ference is  also  supposed  to  be  muscular,  and  by  its  caual 
action  upon  the  fibres,  on  each  side,  the  form  of  tbe  pupil  is 
preserved,  whilst  its  diameter  is  enlarged  or  contracted. 

At  the  back  part  of  the  eye,  a little  nearer  to  the  nose  than 
the  point  which  is  opposite  to  the  pupil,  enters  the  optic  nerve 
V,  which  spreads  itself  over  tbe  whole  of  the  choroeides  like  a 
fine  net,  and  from  this  circumstance  is  called  the  retina.  It  is 
immersed  in  a dark  mucus,  which  adheres  to  the  choroeides. 
These  three  coats,  tbe  sclerotica,  the  choroeides,  and  the  retina, 
enter  the  socket  of  the  eye  at  the  same  place.  The  sclerotica 
is  a continuation  of  tbe  dura  mater,  a thick  membrane  which 
lies  immediately  under  the  scull.  The  cboroeides  is  a con- 
tinuation of  the  pia  mater , a fine  thin  membrane  which  adheres 
closely  to  the  brain.  The  retina  proceeds  from  the  brain. 

Within  the  eje,  a little  behind  the  pupil,  is  a soft  transpa- 
rent substance,  E I)  E,  nearly  of  the  form  of  a double  convex 
lens,  tbe  anterior  surface  of  which  is  less  curved  than  tbe  pos- 
terior, and  rounded  off  at  the  edges,  E,  E,  as  the  figure  repre- 
sents. This  hamour,  which  is  nearly  of  tho  consistency  of  a 
hard  jelly,  decreasing  gradually  in  density  from  tbe  centre  to 
tbe  circumference,  is  called  the  crystalline  humour.  It  is  kept 
in  its  place  by  a muscle  called  the  liyamentum  ci/iare,  which 
takes  its  rise  from  the  junction  of  the  choroeides  and  cornea, 
and  is  a little  convex  towards  the  uvea.  Tbe  cavity  of  the  eye, 
between  the  cornea  and  crystalline  humour,  is  filled  with  trans- 
parent fluid  like  water,  called  the  aqueous  humour.  The  cavity 
between  tbe  crystalline  humour  and  tbe  back  part  of  tbe  eye, 
is  also  filled  with  a transparent  fluid,  rather  more  viscous  than 
the  former,  called  the  vitreous  humour. 

It  is  not  easy  to  ascertain,  with  great  accuracy,  the  refract- 
ing powers  of  the  several  humours;  the  refracting  powers  of 
the  aqueous  and  vitreous  humours  are  nearly  equal  to  that  of 
w ater  ; the  refracting  power  of  tbe  crystalline  humour  is  some- 
what greater.  The  surfaces  of  the  several  humours  of  the  eye 
arc  so  situated  as  to  have  one  line  perpendicular  to  them  all. 
This  line,  A D F,  is  called  the  axis  of  the  eye,  or  optic  axis. 

The  focal  centre  of  the  eye,  is  that  point  in  the  axis  at  which 
the  image  upon  tbe  retina  and  the  object  subtend  equal  angles. 
This  point  is  not  far  distant  from  the  posterior  surface  of  the 
crystalline  lens,  though  its  situation  is  probably  subject  to  a 
small  change,  as  the  figure  of  the  eye,  or  the  distance  of  the 
object,  is  changed. 

From  the  consideration  of  the  structure  of  tbe  eye,  we  may 
easily  now  understand  how  the  notices  of  external  objects  are 
conveyed  to  tho  brain.  Let  PQR,  in  the  annexed  figure,  be 
an  object,  towards  which  the 
axis  of  the  eye  is  directed  ; 
then  the  rays  which  diverge  from 
any  point  Q,  and  fall  upon  the 
convex  surface  of  tbe  aqueous 
humour,  have  a degree  of  con- 
vergency  given  them  ; they  are 
then  refracted  by  a double  convex  lens,  denser  lhan  the  am- 
bient mediums,  which  increases  the  convergency ; and  if  the 
extreme  rays  Q H,  Q I,  have  a proper  degree  of  divergency 
before  incidence,  the  pencil  will  be  again  collected  upon  the 
retina,  at  q,  and  there  form  an  image  of  Q.  In  the  same  man- 
ner, the  rays  which  diverge  from  any  other  points,  P,  R.  in  the 
object,  will  be  collected  at  the  corresponding  points,  p . r,  of  the 
retina,  and  a complete  image,  p,q.r,  of  the  object  PQR,  will 
be  formed  there.  Tbe  impression  thus  made,  is  ronveyed  to 
| the  hrain  by  the  optic  nerve,  which  originates  there,  and  is 
; evidently  calculated  to  answer  this  purpose. 

Here  it  will  be  observed,  that  since  the  axis  of  the  several 
pencils  cross  each  other  at  O,  the  focal  centre  of  the  eye,  the 
image  upon  the  retina  is  inverted  with  respect  to  the  object, 
and  yet  it  furnishes  the  mind  with  the  idea  of  its  being  erect. 
This  is  a difficulty  that  has  produced  considerable  discussion 
amongst  philosophers,  and  tbe  most  satisfactory  explanation 
which  can  probably  be  given  is,  that  experience  alone  teaches  us 
what  situation  of  an  external  object  corresponds  to  a particular 
impression  upon  the  retina.  Some  opticians,  however,  are 
unwilling  to  concede  this  point,  and  contend  that  the  object  is 
reflected  from  the  retina  to  another  substance  on  which  they 
are  painted,  and  thus  give  to  tbe  eye  exactly  the  construction 
of  a Gregorian  telescope. 


EYE 


DICTIONARY  OP  MECHANICAL  8CIBNCE 


EYE 


300 


The  following  measure  of  tbe  crystalline  and  cornea,  were 
taken  by  I)r.  Gordon  and  Dr.  Brewster,  from  the  eye  of  a 
female  above  60  year*  of  age,  a few  hours  after  death. 


Diameter  of  the  crystalline,  0*378 

Diameter  of  the  cornea 0’400 

Thickness  of  the  crystalline 0*172 

Thickness  of  the  cornea, 0*042 

Measures  of  the  refractive  powers  of  the  humours  of  the 
line  eye 

J ledts  of  lUfttcttM. 

Refractive  power  of  water,. 1 '3368 

Ditto,  of  aqueous  humour,. l*33Gfi 

Ditto,  of  vitreous  humour 1*3304 

Ditto,  of  outer  coat  of  crystalline 1*3767 

Ditto,  of  middle  coat  of  ditto, 1*3786 

Ditto,  of  central  part  of  ditto,  1*3000 

Ditto,  of  the  whole  crystalline,. 1*3839 


The  range  of  the  eye,  or  the  field  of  vision,  may  be  taken  at 
110  degrees. 

Eye,  in  Architecture,  is  used  to  signify  any  round  window- 
made  in  a pediment,  an  attic,  the  reins  of  a vault,  or  the  like. 

Eye.  of  a Dome,  an  aperture  at  the  top  of  a dome,  as  that  of  j 
the  Pantheon  at  Rome,  or  of  St.  Pauls  at  London : it  is  usually  I 
covered  with  a lantern. 


' Eye,  in  Agriculture  and  Gardening,  signifies  a little  bad,  or 
shoot,  inserted  into  a tree  bv  way  of  graft. 

Eye  of  « Tree,  a small  pointed  knot  to  which  the  leaves  stick, 
and  from  which  the*  shoots  or  sprigs  proceed. 

Eye  of  a Mock  Strop,  is  that  part  by  which  it  is  fastened  or 
suspended  to  any  particular  place  upon  the  sails,  masts,  or 
rigging ; the  rye  is  sometimes  formed  by  making  two  eye- 
splices  on  the  ends  of  the  strop,  and  then  fastening  them  toge- 
ther with  a small  line,  so  as  to  bind  round  a mast,  yard,  or 
boom,  as  is  deemed  necessary. 

Eye  of  a Stay,  that  part  of  a stay  which  is  formed  into  a sort 
of  collar  to  go  round  the  must-head. 

Flemish  Eye,  is  a phrase  particularly  applied  to  the  eye  of  a 
stay,  which  is  cither  formed  at  the  making  of  the  rope,  or  by 
dividing  the  yarns  into  two  equal  parts,  knotting  each  pair 
separately,  and  pointing  the  whole  over. 

Em- Dolt,  a long  bar  of  iron,  with  an  eye  in  one  end  of  it. 
formed  to  be  driven  into  the  decks,  sides,  Ac.  for  tbe  purpose 
of  fastening  ropes,  or  hooking  tackles  to. 

Eyes  of  a Ship,  a name  frequently  given  to  those  parts  which 
lie  near  the  hawse  holes,  particularly  in  tbe  lower  apartments 
within  the  vessel. 

EYELET  Holes,  round  holes  worked  in  a sail,  to  admit  a 
small  rope  through,  chiefly  tbe  robins  (or  rope-bands),  and  the 
points  or  reef- line. 


F. 

PAG 


P A C 

J1  9 the  sixth  letter  of  the  Alphabet.  Asa  nnmeral  it  denotes  I 
40,  and  with  a dash  over  it  thus  p 40,000.  In  Music  it  stands  I 
for  the  bass-clef,  and  frequently  for  forte,  naff  docs  for  forte 
forte.  F,  in  Medicine,  stands  for  fiat,  let  it  be  done. 

FA,  in  Music,  one  of  the  syllables  invented  by  Guido  Are- 
tine,  to  mark  the  fourth  note  of  the  modem  scale  which  rises 
thus,  ut,  re,  mi,  fa.  Musicians  distinguish  two  fa's.  nr.  the 
flat,  marked  thus  fa  ; the  sharp,  marked  thus  ft  ; and  live 
natural,  marked  thus  ; and  called  biqnadro.  Fa  fnto,  a 
feigned  F,  or  a feint  opon  that  note. 

FABLE,  a tale  or  feigned  narration,  designed  either  to 
instruct  or  amuse,  disguised  under  the  allegory  of  an  action. 

Faulb  is  also  used  for  the  plot  of  an  epic  or  dramatic  poem  : 
and  is,  according  to  Aristotle,  the  principal  part,  and  the  soul 
of  a poem. 

FACE  or  a Stone,  in  Masonry,  that  superficies  of  it  which 
lies  in  the  front  of  the  work.  Tire  workmen  generally  chuse  to 
make  one  of  those  sides  the  face,  which,  when  in  the  quarry, 
lay  perpendicularly  to  the  horizon,  and  consequenlly'the  break- 
ing. not  the  cleaving  way  of  the  stone. 

FACET,  os  Facet  Tit,  among  jewellers,  the  name  of  the  little 
faces  or  planes  in  brilliant  and  rose  diamonds. 

FACTITIOUS,  any  tiling  made  by  art,  in  opposition  to  what 
is  the  produce  of  nature.  Thus,  factitious  cinnabar  is  opposed 
to  native  cinnabar, 

FACTOR,  in  Arithmetic,  a name  given  to  the  multiplier  and 
multiplicand,  because  they  constitute  the  product. 

Factor,  in  Commerce,  an  agent  employed  by  a merchant  or 
merchants,  to  sell  goods,  or  bur  goods,  at  some  remote  or 
foreign  ptaoc,  and  to  negotiate  hills.  Ac.  opon  a certain  fixed 
allowance  or  commission.  The  supercargo  and  factor  differ  in  j 
this ; the  supercargo  takes  care  of  goods  which  he  accompanies 
to  some  destined  place,  and  then  returns  to  his  emplovers: 
The  factor  resides  abroad,  and  executes  business  for  different 
merchants.  But  their  duties,  and  the  circumstances  for  which 
they  are  accountable,  arc  the  same.  They  procure  tbe  best 
intelligence  of  the  markets ; execute  their  business  with  all 
the  despatch  possible  ; arc  punctual  in  their  correspondence  ; 
act  under  absolute  or  limited  power;  but  it  is  incumbent  on 
the  employer,  if  he  challenge  his  factor's  proceedings,  to  prove 
that  be  could  himself  have  done  better.  And  a factor  is  never 
warranted  to  deal  or  trust  with  any  persons,  unless  allowed 


hy  his  employers,  and  with  persons  of  good  credit  In  case  of 
hankrnptcies,  a factor  can  lay  attachments,  and  advise  his 
employers  thereof.  Goods  seized  through  his  negligence,  be 
must  pay  for.  If  a factor  become  insolvent  his  employers,  not 
bis  creditors,  recover  the  prices  of  all  goods  sold  by  him  for  (he 
said  employers.  There  are  various  other  duties  too  tedious 
to  mention,  which  belong  to  the  office  of  factor,  and  which  can 
only  he  known  from  practice. 

FACTORAGE,  called  also  Commission . is  the  allowance  given 
hy  merchants  to  the  factors  whom  they  employ.  In  Britain  it 
is  about  2|  per  cent;  in  Italy  2) ; in  Spain,  France,  Holland, 
Dantzic,  Portugal,  2 per  cent. ; in  Turkey,  3 per  cent;  in 
North  America  5 per  cent,  on  sales,  and  5 per  cent  on  returns. 
In  the  West  Indies  8 per  cent  on  sales  and  storage,  Ac. 

FACTUM,  is  the  product  arising  from  the  multiplication  of 
several  factors  ; thus  35  is  the  factnm  of  3 times  7. 

FACULTY,  a privilege  granted  to  a person  doing  what,  by 
law,  he  ought  not  to  do.  For  granting  these  privileges,  there 
is  a court  under  the  archbishop  of  Canterbury,  called  the  court 
of  the  faculties. 

Faculty,  in  the  Schools,  a term  applied  to  the  different  mem- 
bers of  an  university,  according  to  the  arts  and  sciences  taught 
there  ; os  1.  Arts.  2.  Theology.  3.  Physic.  And  4.  Civil  Law. 

Faculty  of  Advocates,  a term  applied  to  the  college*  or 
society  of  advocates  in  Scotlanfl,  who  plead  in  all  nctions 
before  the  Court  of  Session.  They  meet  in  the  beginning  of 
every  year,  and  choose  Ihc  annual  officers  of  the  society,  rig. 
dean,  treasurer,  clerks,  private  and  public  examinators,  and  a 
curator  of  the  library. 

Faculty  is  also  used  to  denote  the  powers  of  the  human 
mind,  vis.  understanding,  will,  memory,  and  imagination. 

FORCES,  in  Chemistry,  the  gross  matter,  or  sediment,  that 
settles  at  the  bottom  after  distillation,  fermentation,  Ac. 

FAGARA,  Iromcood , a genus  of  tbe  monogynia  order,  in  the 
tetandria  class  of  plants,  and  in  the  natural  method  ranking 
under  the  43d  order,  da mose.  There  are  lOspecies,  all  natives 
of  America,  rising  with  woody  stems  more  than  20  feet  high. 

FAGNANO.  Jules  Charles,  a distinguished  Italian  mathe- 
matician, horn  about  the  year  1(590.  early  in  the  eighteenth 
century  published  several  memoirs,  in  the  Italian  journals,  on 
the  transcendental  analysis ; there  are  also  many  pieces  of  the 
same  author  in  the  Lcipsic  Acts,  which  were  afterwards  pub- 


Digitized  b; 


FAL 


DICTIONARY  OP  HRCHAKICAL  8CIRNCIC. 


F A 


301 


Halted  by  himself,  with  some  other  papers,  under  the  title  of 
44  Mathematical  Productions  Pesaro,  4to.  1730. 

FAGUS,  the  lieteh  Tree,  a genus  of  the  polyandria  order  in 
the  inonoceia  class  of  plants;  »nd  in  the  natural  method  rank- 
ltkjc  under  the  30th  order,  araentaceie.  There  are  live  species. 
The  most  remarkable  are;  1.  The  sylvatica,  or  beech  tree, 
which  rises  GO  or  70  feet  high,  and  has  a proportionable  thick- 
ness. 2.  The  eastanca,  or  chestnut  tree,  has  a large  upright 
trunk  growing  40  or  AO  feet  high.  3.  The  putnihi,  dwarf  chest- 
nut tree,  or  chinkapin,  rises  eight  or  ten  feet  high. 

FAIR,  a greater  kind  of  Market  granted  to  a town,  by 
privilege,  for  the  more  speedy  and  commodious  baying  and 
selling,  or  providing  such  things  as  the  place  stands  in  need  of. 
It  is  incident  to  a fair,  that  persons  should  be  free  from  being 
arrested  in  it  for  any  debt,  except  that  which  has  been  con- 
tracted in  the  same  ; or,  at  least,  promised  to  be  paid  there. 
These  fairs  are  usually  held  twice  a year,  in  some  places  only 
mice  a year ; and  by  statute,  they  shall  nut  be  held  longer  than 
they  ought  by  the  lords  thereof,  on  puin  of  their  being  seized 
into  the  king's  bands,  &c.  Also  proclamation  is  to  be  made, 
how  long  they  arc  to  continue ; and  no  person  shall  sell  any 
goods  after  the  fair  is  ended,  on  forfeiture  of  double  the  value, 
onc-fourth  to  the  prosecutor,  and  the  rest  to  the  king.  There 
is  a toll  usually  paid  at  fairs,  for  the  privilege  of  erecting  stalls 
from  which  to  sell  goods,  as  well  as  booths,  either  for  enter- 
taiment  or  pastime. 

Fair,  a general  terra  for  the  disposition  of  the  wind  when  it 
is  favourable  to  a ship's  course,  in  opposition  to  what  is  con- 
trary or  foul.  This  term,  when  applied  to  the  wind,  is  much 
more  comprehensive  than  Large,  since  the  former  seems  to 
include  about  eighteen  points  of  the  compass,  or  at  least  six- 
teen, whereas  Large  is  confined  to  the  beam  or  quarter,  that  is, 
to  a wiod  which  crosses  the  keel  at  right  angles,  or  obliquely 
from  the  stern,  but  never  to  ouc  right  astern.  See  the  articles 
Large  and  Scant. 

Fair  Curve,  in  delineating  ships,  is  a winding  lire,  whose 
shape  is  varied  according  to  the  part  of  the  ship  it  is  intended 
to  describe.  This  curve  is  not  answerable  to  any  of  the  figures 
of  conic  sections,  although  it  occasionally  partakes  of  them  all. 

Fair  IF«y.  the  channel  of  a narrow  bay,  river,  or  harbour,  in 
which  ships  usually  pass  in  their  way  up  and  down  ; so  that  if 
any  vessels  arc  anchored  therein,  they  arc  said  to  lie  in  the 
fair  way. 

FAIRY  Circle,  or  Ring,  a phenomenon  frequent  in  the 
fields,  kc.  supposed  by  the  vulgar  to  be  traced  by  the  fairies  in 
their  dances : there  are  two  kinds,  one  of  about  seven  yards  in 
diameter,  containing  a round  bare  path  a fool  broad,  with  green 
grass  in  the  middle  of  it.  The  other  is  of  different  bigness,  encom- 
passed with  a circumference  of  grass,  greener  and  fresher  than 
that  in  the  middle.  Some  attribute  them  to  lightning;  and  others 
to  a kind  of  fungus  which  breaks  and  pulverizes  the  soil. 

FAKE,  one  of  the  circles  or  windings  of  a cable  or  hawser, 
as  it  lies  disposed  in  a coil.  Tbo  fakes  arc  greater  or  smaller, 
in  proportion  to  the  extent  or  space  which  a cable  is  allowed 
to  occupy  where  it  lies. 

FALCADE.  in  the  Manege,  the  motion  of  a horse  when  he 
throws  himself  upon  his  haunches  several  tiroes  in  very  quick 
curvets,  whirh  is  done  in  forming  a stop  and  half  stop. 

FALCATED,  horned,  as  the  moon  in  the  1st  and  3d  quarter. 

FALCO.  a genus  of  birds  belonging  to  the  order  of  acci- 
pilrcs.  The  eagle,  kite,  and  hawk,  form  this  genus  ; of  which 
there  arc  32  species.  1.  The  leucocephalus.  bald,  or  white- 
headed  eagle,  is  ash-coloured,  with  head  and  tail  white.  2. 
The  ossifragns.  sea-eagle,  or  osprey,  with  yellow  wax,  and 
half-fralhcrcd  legs,  is  about  the  size  of  a peacock  ; the  feathers 
arc  white  at  the  base,  iron-coloured  in  the  middle,  and  hlaek 
at  the  points ; and  the  legs  are  yellow.  3.  The  chary  sac  tos, 
or  golden  eagle,  weighs  about  twelve  pounds,  and  is  in  length 
about  three  feet,  the  wings  when  extended  measuring  about 
seven  feet  four  inches.  The  sight  and  sense  of  smelling  are 
very  acute:  the  bead  and  neck  arc  clothed  with  sharp-pointed 
feathers,  of  a deep  brown  colour,  bordered  with  tawny  ; the 
hind  part  of  the  head  in  particular  is  of  a bright  rusty  colour. 
4.  The  cyaneus,  or  ben-harrier,  with  white  wax,  yellow  legs,  a 
whitisb-hlue  body,  and  a white  ring  round  the  eyes  and  throat. 
6.  The  albicilla,  or  cinereous  eagle,  is  inferior  in  size  to  the 
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golden  eagle ; the  head  and  neck  are  of  a pale  ash-colour,  the 
body  aod  wings  cinereous,  coloured  with  brown ; the  quill 
feathers  very  dark  ; the  tail  white  ; the  tegs  feathered  but  little 
below  the  knees,  and  of  a very  bright  yellow.  6.  The  ntacula- 
tus,  or  crying  eagle,  is  in  colour  of  a ferruginous  brown  ; the 
coverts  of  the  wings  and  scapulars  are  varied  with  white  spots  ; 
the  primaries  dusky,  tbo  ends  of  the  greater  white;  tho  breast 
and  belly  of  a deeper  colour  than  the  rest  of  the  plumage, 
streaked  with  dull  yellow  ; the  tail  is  dark  brown,  tipt  with 
dirty  while : the  legs  arc  feathered  to  tho  feet,  which  are  yellow. 
The  length  of  the  bird  is  two  feet.  7.  The  milvos,  or  kite,  is  a 
native  of  F.uropc,  Asia,  and  Africa.  This  species  generally 
breeds  in  large  forests  or  woody  mountainous  countries.  Its 
nest  is  composed  of  sticks,  lined  w ith  rags,  bits  of  llannrl,  rope, 
and  paper.  Its  motion  in  the  air  distinguishes  it  from  all  other 
birds,  being  scarcely  perceptible.  Sometimes  it  will  remain 
quite  motionless  for  a considerable  space  : at  others,  glide 
i through  the  sky  without  the  least  apparent  action  of  its  wings. 

I They  inhabit  the  north  of  Europe,  as  high  as  Jalsberg,  in  the 
south  of  Norway.  8.  The  gentilis,  or  gcntil  falcon,  inhabits 
the  north  of  Scotland,  and  was  in  high  esteem  in  the  days  of 
falconry.  9.  The  suhbuteo.  or  hobby,  was  used  in  falconry ; 
particularly  in  what  was  called  daring  of  larks.  10.  The  butco, 
or  buzzard,  the  most  common  of  the  hawk  kind  in  England, 
breeds  in  woods,  and  usually  builds  on  an  old  crow's  nest, 
which  it  enlarges,  and  lines  with  wool  and  other  soft  materials. 
1 1.  The  tinnunciilus.  or  kestrel,  breeds  in  the  hollows  of  trees, 
in  the  holes  of  high  rocks,  towers,  and  mined  buildings.  12. 
Helirctus,  the  fishing-hawk  of  Catesby,  called  the  osprey,  mea- 
sures, from  one  end  of  the  wing  to  the  other,  five  feet  and  a half, 
is  a species  of  vast  quickness  of  sight ; ami  w ill  see  a fish  near 
the  surface  from  a great  distance,  descend  with  rapidity,  and 
carry  the  prey  with  an  exulting  scream  high  into  the  air.  The 
bald  eagle  hears  the  note,  and  instantly  attacks  the  hawk,  who 
drops  the  fish,  which  the  foVmer  catches  before  it  can  reach  the 
ground  or  water.  Resides  these,  there  arc  some  other  species 
distinguished  by  ornithologists,  but  w hich  it  is  unnecessary  to 
particularize  here. 

FALCONRY,  the  exercise  of  taking  wild  fowl  by  means  of 
hawks.  The  falcons  or  hawks  that  were  in  use  in  these  king- 
doms are  now  found  to  breed  in  Wales,  and  in  North  Britain 
and  its  isles.  The  peregrine  falcon  inhabits  the  rocks  of  Caer- 
narvonshire. The  same  species,  with  the  gyr-falcon,  the  gentil, 
and  the  gos-hawk,  arc  found  in  Scotland,  and  the  lanncr  in 
Ireland.  This  diversion,  though  very  ancient,  and  in  such  high 
request,  that  many  of  the  gentry  and  nobility  hold  their  estates 
of  the  crown  on  eondition  of  supplying  the  king  with  hawks,  is 
now  disnsed. 

FALLING  Star,  in  Meteorology,  a phenomenon  that  is  fre- 
quently seen,  and  which  has  been  usually  supposed  to  depend 
on  tbo  electric  fluid.  Sir  Humphrey  Davy,  in  a lecture  deli- 
vered at  the  Royal  Institution,  gave  many  reasons  against  this 
opinion:  he  conceives  that  they  arc  rather  to  be  attributed  to 
falling  stones.  It  is  observable,  that  when  their  appearance  is 
frequent,  they  have  all  the  same  direction ; and  it  has  been 
remarked,  that  they  are  the  forerunners  of  a westerly  wind  in 
our  country. 

FALLOPIAN  Tubes,  in  Anatomy,  are  two  ducts  arising  in 
the  womb,  one  on  each  side  of  the  fundus,  and  thence  extended 
to  the  ovaries*,  these  have  their  name  from  their  resemblance 
to  a trumpet,  and  that  of  Gabriel  Fallopius,  a physician  of 
Italy,  in  the  16th  century,  who  is  reported  to  have  first  ascer- 
tained the  use  and  office  of  these  tubes. 

FALLOW  Land,  is  ground  that  has  hren  left  untilled  for  a 
time,  in  order  that  it  may  recover  Itself  from  an  exhausted 
state ; but  to  render  a barren  soil  fertile,  it  ooght  to  he  fre- 
quently turned  up  to  the  air.  and  to  have  mixed  with  it 
manures  of  animal  dungs,  decayed  vegetables,  lime,  marl, 
sweepings  of  streets,  See.  In  turning  over  the  soil,  the 
chief  implements  of  the  gardener  are  the  spade,  the  hoe,  and 
the  mattock  ; and  those  of  the  farmer,  arc  the  plough.  the  bar- 
row,  the  roller,  the  scythe,  and  the  sickle.  And  as  a succes- 
sion of  the  same  crops  tends  to  impoverish  the  soil,  a rotation 
of  different  crops  is  neeoxsary.  Potatoes,  grain,  and  white 
crops,  arc  exhausting;  but  after  them,  the  soil  is  ameliorated 
by  tares,  turnips,  and  green  or  plant  crops.  On  stiff  soil*. 
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clover,  beans,  wheat,  cabbages,  and  oats,  may  be  cultivated  in 
succession;  and  on  light  soils,  potatoes,  turnips,  pease,  oats, 
and  barley,  may  succeed  each  other.  The  general  rule  is,  one 
crop  for  man,  and  one  lor  beast.  This  plan  of  varying  the 
crops  is  a new  discovery.  Formerly,  land  lay  long  in  fallow ; 
that  is  to  say,  was  not  worked  every  third  or  fourth  year;  but 
now  it  is  usual,  by  varying  the  crops,  to  get  two,  three,  or  four, 
crops  in  a year  from  the  same  soil,  without  its  being  exhausted; 
and  fallowing  is,  consequently,  found  to  be  unnecessary. 

FALSETTO,  that  species  of  voice  in  a man,  the  compass  of 
which  lies  above  his  natural  one.  and  is  produced  by  constraint. 

FALSE  Imprisonment,  in  Law.  To  constitute  the  injury  of 
false  imprisonment,  two  points  arc  necessary  : the  detention  of 
tbc  person,  and  the  unlawfulness  of  such  detention.  Every 
confinement  of  the  person  is  imprisonment,  whether  in  a com- 
mon prison,  or  a private  house,  or  even  by  forcibly  detaining 
one  in  tin;  streets  or  highways, 

FARINA  Foecunpans.  in  Botanical  language,  the  dust  on 
tbc  apices  or  anthers  of  flowers,  which  being  received  into  the 
pistil,  or  scod-vcsscl  of  plants,  fecundates  the  rudiments  of  the 
seeds  in  the  ovary,  which  would  otherwise  come  to  nothing. 

FARM,  a Messuage,  or  district  containing  house  or  land, 
with  other  conveniences,  hired  or  taken  by  lease,  either  in 
writing  or  parole,  under  a certain  yearly  rent.  Funns  vary  in 
sire,  from  fifty  to  one  thousand  acres.  Arable  farms  are  gene- 
rally smaller  than  those  employed  in  pu«ture,  nr  gracing. 
These,  from  two  to  four  hundred  acres,  are  the  most  beneficial 
to  the  occupiers  and  the  public.  Fanners  are  called  atable 
i-n-mcrt.  wjicu  they  are  chiefly  employed  tn  raising  corn  ; and 
'p  icture  or  pro*  farmer*,  when  they  are  engaged  in  rearing  and 
fattening  sheep,  and  other  live  stock.  Farms  are  cither  laid 
out  according  to  the  taste  of  the  owners  or  occupiers,  in  all  tbc 
simplicity  of  pastoral  poetry ; nr  in  such  an  assortment  of  tillage, 
arablo  land,  woods,  coppices,  Ac.  as  couvcy  a distinct  notion 
of  the  pure  Areadisn  demesne  ; or  as  n simple  farm  laid  out 
with  a sullic  ient  adaptation  of  wood  and  watrr,  ol  arable  and 
pasture  land,  outhouses,  cottages,  and  other  improvement* 
suggested  by  extensive  or  contracted  enclosures,  us  may 
exhibit  the  good  English  farm.  But  to  form  an  idea  of  an 
ornamented  farm,  Woohurn  farm,  uear  Weybridge,  in  Surrey, 
which  brings  every  rural  circumstance  and  appendage  within 
the  verge  of  n garden,  ought  to  he  seen. 

FARRIERY,  the  art  of  shoeing  horses  and  curing  their 
diseases;  though  the  word  reterinariue,  horse  doctor,  would  be 
more  applicable!  to  the  veterinary  art.  See  House. 

FARTHING,  the  fourth  part  of  a penny;  originally  the 
fourth  thing,  or  the  fourth  tit  the  integer  one  penny. 

FA RQuH AR.Georor, an  ingeniou  s poet  and  dramatic  writer, 
the  son  of  an  Irish  clergy  man,  was  born  at  Londonderry  in  1678. 

FASCI.lv  in  Astronomy,  certain  parts  on  Jupiter's  body 
resembling  belts  or  swaths.  They  are  more  lucid  than  the  rest 
of  that  planet,  and  are  terminated  by  parallel  lines,  sometimes 
broader,  and  sometimes  narrower. 

FASCINES-  in  Fortification,  faggots  of  small  wood  of  ahout 
a foot  diameter,  and  six  feel  long,  bound  in  the  middle,  and  at 
both  ends. 

FASCIOLA,  in  Zoology,  the  Fluke  or  Gourd  IFomi ; a genus 
of  insects  of  the  order  of  vermes  intestina,  of  which  there  are 
several  species,  us  the  hepatica,  or  liver  fluke,  which  bears 
some  resemblance  fo  the  seed  of  the  common  gourd,  and  is 
found  in  fresh  waters,  ditches,  at  the  roots  of  stones,  sometimes 
in  the  intestines,  and  often  in  the  substance  of  the  other  viscera 
in  quadrupeds. 

FASHION  Pieces,  the  aftmost  or  hindmost  timbers  of  a 
ship,  which  terminate  the  breadth,  and  form  the  shape  of  the 
stern;  they  arc  united  to  the  stern  post,  and  to  the  extremity 
of  the  wing  transom  by  n rabbet,  and  a number  of  strong  nails 
Ol  spikes  driven  from  without. 

FASTI,  in  Roman  Antiquity,  the  calendar  wherein  were 
expressed  the  several  days  of  the  year,  with  their  leasts,  games, 
and  other  ceremonies. 

FAT,  animal  oil,  in  its  concrete  substance,  deposited  in 
different  parts  of  animal  bodies.  Many  causes  contribute  to 
dissolve  the  fat  in  animals,  as  inlempcraturc  of  the  body, 
labour  of  mind,  violent  exercise,  scanty  diet.  See. ; and  rest, 
ease,  sleep,  plentiful  food,  generate  fat.  Larks  and  ortolans 


will  fatten  in  24  hours.  To  obtain  fat  pure.  It  must  be  cut  in 
pieces,  and  cleaned  from  the  interposed  membranes  and  ves- 
sels ; then  denned  from  its  gelatinous  matter  by  water  ; after- 
wards melted  with  a little  water,  and  kept  in  a fluid  state  till 
the  wuter  has  entirely  evaporated,  which  is  known  by  the  dis- 
continuance of  the  boiling,  for  the  water  alone  causes  it  to 
appear  hoiling;  it  is  then  put  into  clean  vessels  for  use  in 
pharmacy,  the  arts,  kr. 

Fat,  likewise  denotes  an  uncertain  measure  of  capacity. 
Thus  a fat  of  isinglass  contains  from  IIJ  cwt.  to  4 cwt. ; a fat 
of  unbound  hooks,  four  bales;  of  wire,  from  20  to  2,‘i  cwt. ; 
and  of  yarn,  from  220  to  221  bundles. 

FATA  MORGANA,  a singular  aerial  phenomenon,  seen  in 
the  straits  of  Messina.  When  the  rising  snn  shines  from  that 
point  whence  its  incident  ray  forms  an  angle  of  about  forty-live 
degrees  on  the  sea  of  Reggio,  and  the  bright  surface  of  the 
water  in  the  bay  is  not  disturbed  either  by  the  wind  or  current, 
when  the  tide  is  at  Its  height,  and  the  waters  pressed  up  by 
currents  to  a great  elevation  in  the  middle  of  the  channel ; the 
spectator  being  placed  on  an  eminence  with  bis  back  to  the 
sun,  and  his  face  tn  tbc  sea,  the  mountains  of  Messina  rising 
like  a wall  behind  it,  and  forming  the  back  ground  of  the  pic- 
ture ; on  a sudden  there  appears  in  the  water,  as  in  a catop- 
tric theatre,  various  multiplied  objects;  that  is  to  say,  num- 
berless scries  of  pilastres,  arches,  castles,  well  delineated 
regular  columns,  lofty  towers,  superb  palaces,  with  balconies 
and  windows,  extended  alleys  of  trees,  delightful  plains,  with 
herds  and  flocks,  armies  of  men  on  foot,  on  horseback,  and 
many  other  strange  images,  iu  their  natural  colours,  and  pro- 
per actions,  passing  rapidly  in  succession  along  ihc  surface  of 
the  sea,  during  the  whole  of  the  short  period  of  time  while  the 
above-mentioned  causes  remain.  All  these  objects,  which  are 
exhibited  in  the  Fata  Morgana,  arc  proved  by  the  accurate 
observations  of  the  coast  and  town  of  Reggio,  by  P.  Minasi,  tn 
be  derived  from  objects  ou  shore.  If,  in  addition  to  Ute  cir- 
cumstances wc  before  described,  the  atmosphere  he  highly  im- 
pregnated with  vapour,  and  dense  exhalations,  not  previouslv 
; dispersed  by  the  action  of  the  wind  and  waves,  or  rarefied  by 
the  sun,  it  then  happens,  that  in  this  vapour,  as  in  a curtain 
extended  along  the  channel  to  the  height  of  above  forty  palms, 
and  nearly  down  to  the  sea,  the  observer  will  behold  tbc  scene 
of  the  same  objects  not  only  reflected  frnm  the  surface  of  the 
sea,  but  likewise  in  the  air,  though  not  so  distinctly  or  well 
defined  ns  the  former  objects  from  the  sea.  Lastly,  if  the  air 
be  slightly  hacy  and  opaque,  and  at  the  same  time  dewy  and 
adapted  to  form  the  iris,  then  the  above-mentioned  objects 
will  appear  only  at  the  surface  of  the  sea,  as  in  the  first  case, 
but  all  vividly  coloured  or  fringed  with  red,  green,  blue,  and 
other  prismBlic  colours.  As  the  day  advances,  the  fairy  scene 
gradually  disappears.  But  the  most  singular  instance  of 
atmospherical  refraction  wc  ever  heard  of,  was  that  described 
in  the  Philosophical  Transactions,  as  having  taken  place  at 
Hastings.  The  coast  of  Picardy,  which  is  between  forty  and 
fifty  miles  distant  from  that  of  Sussex,  appeared  suddenly 
close  to  the  English  shore.  The  sailors  and  fishermen  crowded 
down  to  the  beach,  scarcely  believing  their  own  eyes  ; hut  at 
length  they  began  to  rccognice  several  of  the  French  dlls,  and 
pointed  out  places  they  had  been  accustomed  to  visit.  From 
the  summit  of  the  eastern  cliff  or  hill,  a most  beautiful  scene 
presented  itself,  for  at  one  glance  the  spectators  could  see 
Dungcuess,  Dover  dills,  and  the  French  const,  all  along  from 
Calais  to  St.  Vallcroy  ; and,  as  some  affirmed,  as  far  to  the 
westward  even  as  Dieppe.  By  the  telescope,  the  French  fish- 
ing boats  were  plainly  seen  at  anchor;  and  the  different 
colours  of  the  land  on  the  heights,  with  (he  buildings,  were 
perfectly  discernible.  This  refractive  power  of  the  atmosphere 
was  probably  produced  by  a diminution  of  the  density  of  its 
lower  stratum,  in  consequence  of  the  increase  of  heal  commu- 
nicated to  it  by  the  ravs  of  the  sun.  powerfully  reflected  from 
the  surface  of  the  earth.  The  delusion  in  the  desert,  between 
Alexandria  and  Cairo,  mentioned  by  M.  Monge.  which  repre- 
sented villages  surrounded  by  water,  when  they  were,  in  faet. 
in  the  midst  of  burning  sands,  is  attributed  to  the  same  cause. 

FATHOM,  a measure  of  six  feet,  used  to  regulate  the  length 
of  the  cables,  rigging,  fitc.  and  to  divide  the  lead  (or  sounding) 
lines,  bic. 
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FEALTY,  in  Law,  an  oath  taken  on  the  admittance  of  a 
tenant  to  be  true  to  the  lord  of  whom  he  holds  his  land  ; but 
it  chief! v appertains  to  copyhold  estates  held  in  fee  and  for 
life  ; and  the  fealty  of  a subject  to  his  prince. 

FEATHER,  in  Physiology,  a general  name  for  the  covering 
of  birds.  Feathers  make  a considerable  article  of  commerce, 
particularly  those  of  the  ostrich,  heron,  swan,  peacock,  goose, 
&c.,  for  plumes,  ornaments,  beds,  pens,  ficc.  Geese  are  plucked 
in  some  parts  of  Great  Britain  five  times  in  the  year,  and  in 
cold  seasons  many  of  them  die  by  this  barbarous  custom. 
Those  feathers  that  are  brought  from  Somersetshire,  are 
esteemed  the  best,  and  those  from  Ireland  the  worst.  The 
best  method  of  curing  feathers  is  to  lay  them  in  a room,  i 
exposed  to  the  sun ; and  when  dried,  to  put  them  in  bags, 
and  beat  them  well  with  poles  to  get  off  the  dirt.  Feathers, 
when  chemically  analyzed,  seem  to  possess  nearly  the  same 
properties  with  hair.  The  quill  is  composed  chiefly  of  coagu- 
lated albumen,  withont  any  traces  of  gelatine. 

FEATHER-MILL,  in  the  salt-works,  the  partition  in  the 
middle  of  the  furnace,  which  it  divides  into  two  chambers. 

FEBRUARY  is  derived  from  Februa , an  old  Latin  word, 
for  from  the  very  foundation  of  the  city,  we  meet  with  Februa 
for  purification ; and  Februare,  to  purge  or  purify.  In  this 
month  the  Romans  held  a feast  in  behalf  of  the  manes  of  the 
deceased ; and  Macrobius  tells  us,  that  in  this  month  also 
sacrifices  were  performed,  and  the  last  offices  were  paid  to  the 
defunct 

The  Haute  keeper's  Kalendar  for  this  month  presents  in  season, 
Fish,  cod,  soles,  sturgeons,  plaice,  flounders,  skate,  turbot, 
thornback,  whitings,  smelts,  lobsters,  crabs,  oysters,  prawns, 
tench,  carp,  perch,  cels,  lampreys,  and  crawfish. — Meat : Beef, 
mutton,  veal,  lamb,  and  pork. — Poultry:  Turkeys,  capons, 
pullets,  fowls,  chickens,  pigeons,  pheasants,  partridges,  wood- 
cocks, snipes,  hares,  and  rabbits.— Vegetables:  Cabbages,  savoys, 
colew orts,  sprouts,  broccoli,  cardoons,  beets,  parsley,  chervil, 
endive,  sorrel,  celery,  chardbeets,  lettuces,  cresses,  mustard, 
rape,  radishes,  turnips,  tarragons,  mint,  burnct,  tansy,  thyme, 
savory,  marjoram,  radishes,  cucumbers,  asparagus,  kidney 
beans,  carrots,  turnips,  parsnips,  potatoes,  onions,  leeks,  sha- 
lots,  garlic,  rocambole,  salsafic,  ski  r ret,  scorxonera,  and  arti- 
chokes.— Fruit : Fears,  apples,  grapes,  itc. 

In  the  kingdoms  of  nature  during  this  month,  we  find  that 
bees  begin  to  come  out  of  their  hives,  sheep  drop  their  lambs, 
geese  begin  to  lay,  rooks,  partridges,  &c.  begin  to  pair,  build 
their  nests,  and  lay. 

In  the  kitchen  Carden  now  sow  radishes,  spinage,  lettuce, 
pease  and  beans,  early  Dutch  turnips  and  onions  for  a full  crop. 
Propagate  by  offsets,  mint,  balm,  sorrel,  tansy,  fennel,  and  tar- 
ragon. Transplant  onions,  carrots,  turnips,  beet,  celery,  and 
endive.  Dig  and  trrncli  in  moderate  weather,  and  perform  ail 
operations  only  in  dry  weather. 

In  the  hardy  Fruit  Department,  plant  all  sorts  of  fruit-trees 
when  the  weather  is  line,  and  strawberries.  Protect  roots  of 
new-planted  ticcs,  and  tops  of  nectarine,  peach,  plum,  and 
apricot  trees  coming  into  blossom.  Prune  these ; also  fruit 
vines,  gooseberries,  currants,  and  raspberries.  Examine  your 
fruit  room,  and  remove  all  tainted  fruit. 

In  the  culinary  Hot  house  Department,  cucumbers,  melons, 
salads,  and  potatoes,  are  forced — as  are  also  kidney  and  French 
beans,  and  cauliflowers  ; the  heat  of  all  hotbeds  is  to  be  kept 
up  by  linings.  Attend  to  the  proper  temperature  of  the 
pinery  ; and  commence  forcing  peaches,  cherries,  and  vines. 

In  the  open  ground  Flower  Garden,  sow  a few  hardy  annuals, 
mignonette,  and  ten-weeks  stock.  Propagate  hardy  plants 
from  the  root  and  herb.  September  and  March  are  the  best 
seasons  for  this  work.  Prepare  vacant  ground  for  trees  and 
plants,  &c. 

In  the  Hot-house  Floteer  Garden  Department,  force  bulbs,  pre- 
pare for  annuals,  border  flowers,  and  Dutch  roots, — and  give 
air  whenever  the  thermometer  rises  to  70°. 

In  the  Pleasure  Ground  and  Nursery  Departments,  plant  deci- 
duous trees  and  shrubs  ; prune,  dig,  sweep  and  roll  gravel 
walks;  lay  quince,  walnut,  and  mulberry  trees.  Plant  orna- 
mental shrubs  and  forest  trees;  and  fell  timber. 

FEE.  in  Law,  a complete  feudal  property  ; which,  if  absolute. 
is  calied  a fee-simple ; but  if  limited,  a fee-tail.  A tenant  in  fee- 


simple,  is  he  that  hath  lands,  tenements,  or  hereditaments,  to 
hold  to  him  and  his  heirs  for  ever,  generally,  absolutely,  or 
simply ; without  mentioning  what  heirs,  but  referring  that  to 
his  own  pleasure,  or  to  the  disposition  of  the  law.  This 
inheritance  of  lands  may  be  carved  out  into  divers  estates ; 
as,  if  one  grants  a lease  for  21  years,  or  for  one  or  two  lives, 
the  fee-simple  remains  vested  in  him  and  his  heirs ; and  after 
the  determination  of  those  years  or  lives,  tbc  land  reverts  to 
the  grunler  or  his  heirs,  who  shall  hold  it  again  in  fee-simple. 
Limited  fees  are  usually  clogged  with  conditions  or  qualifi- 
cations of  any  sort. 

Ff.k  Qualified,  is  such  a freehold  estate  as  has  a qualification 
subjoined  to  it,  and  must  determine  whenever  the  qualification 
is  at  an  end. 

Fee  Farm,  is  when  the  lord,  upon  the  creation  of  the  le- 
nantcy,  reserves  to  himself  either  the  rent  for  which  it  was 
before  let.  or  a fourth  part  of  that  farm  rent. 

FEELERS,  in  Natural  History,  a name  used  by  some  for 
the  Horns  of  insects. 

FEELING,  one  of  the  five  external  senses;  the  object  of 
which  is  every  body  that  has  consistency  or  solidity  enough  to 
move  the  surface  of  our  skin.  It  is  necessary  to  perfect  feel- 
ing, that  the  nerves  should  form  small  eminences,  because 
they  are  more  easily  moved  by  the  impression  of  bodies  than 
an  uniform  surface.  By  means  of  this  structure,  wc  are 
enabled  to  distinguish  not  only  the  size  and  figure  of  bodies, 
their  hardness  and  softness,  but  also  their  heat  and  cold. 

FELIS,  Cat,  in  Zoology,  a genus  of  the  mammalia  class, 
belonging  to  the  order  of  ferrc.  1.  Fclis  Ico,  the  lion,  an 
inhabitant  of  Asia  and  the  interior  of  Africa.  2.  Fclis  tigris. 
tiger,  is  a native  of  the  wanner  parts  of  Asia,  and  the  Indian 
islands.  .’1.  Fclis  pardus,  panther,  principally  found  in  Africa, 
and  is  to  that  country  what  the  tiger  is  to  Asia,  with  this 
alleviating  circumstance,  that  it  is  supposed  to  prefer  the 
destruction  of  other  animals  to  that  of  man.  Fclis  Icopardus. 
the  leopard,  is  a native  of  Senegal  and  Guinea,  as  well  as  of 
many  other  parts  of  Africa;  it  also  occurs  in  several  parts  of 
Asia.  In  its  manners  it  rrscmbles  the  panther.  5.  Felis 
jubata,  the  hunting  leopard,  a native  of  India,  where  it  is  said 
to  be  tamed,  and  used  for  the  chase  of  antelopes  and  other 
animals.  If  it  misses  its  prey,  it  returns  at  the  call  of  its 
master.  6.  Felis  nncia,  the  ounce,  scarcely  inferior  in  size  to 
the  leopard,  is  a native  of  several  parts  of  Africa  and  Asia.  7. 
Felis  onca,  the  Brazilian  tiger,  is  a native  of  South  America, 
and  is  a very  fierce  and  destructive  animal.  8.  Felis  partialis, 
ocelot,  is  a ferocious  animal,  and  inhabits  the  hotter  parts  of 
South  America.  9.  Felis  putna.  The  puma  is  the  largest  of 
the  American  beasts  of  prey,  and  a native  of  many  parts  of 
America,  from  Canada  to  Brazil.  10.  Felis  discolor,  the  black 
tiger,  is  also  a native  of  America,  and  is  considered  as  a very 
destructive  animal.  1).  Felis  ligrina,  tnargay.  a native  of 
South  America,  is  about  the  size  of  a eat.  12.  Felis  capensis. 
the  Cape  cat,  inhabits  the  neighbourhood  of  the  Cape  of  Good 
Hope,  and  in  its  manners  resembles  the  common  cat.  13.  Felis 
mauul.  This  species  inhabits  the  middle  part  of  northern  Asia. 
It  i*  of  the  size  of  a fox,  and  is  of  a strong  and  robust  make. 
14.  Felis  catus ; the  cat,  in  a state  of  wildness,  and  from  which 
are  supposed  to  have  proceeded  all  the  varieties  of  tbc  domestic 
cat ; it  is  a nativo  of  the  north  of  Europe  and  Asia.  The  man- 
ners of  the  wild  cat  resemble  those  of  the  lynx,  living  in  woods, 
and  preying  on  young  hares,  birds,  and  a variety  of  other  ani- 
mals, which  it  seizes  by  surprise.  No  animal  exhibits  a greater 
degree  of  maternal  tenderness  than  the  cat.  She  even  possesses 
a propensity  to  nurse  with  tenderness  the  young  of  a different 
individual.  The  fur  of  the  cat  yields  electric  sparks  when 
rubbed : and  if  a clean  and  dry  domestic  cat  is  placed,  in 
frosty  weather,  on  a stool  with  glass  feet,  or  insulated  by  any 
other  means,  and  rubbed  for  a certain  space  in  contact  with 
tbc  wire  of  a coated  phial,  it  will  be  effectually  charged  by  this 
method.  16.  Fclis  scrval.  This  is  a native  of  India  and  Tibet, 
and  is  a very  rapacious  animal.  10.  Fclis  ckaus.  is  an  inha- 
bitant of  the  western  side  of  the  Caspian  sea.  and  tbc  Fenian 
provinces  of  Ghilan  and  Masendcrau.  17.  Fclis  rul'a,  bay 
lynx.  This  species  is  ubout  twice  the  site  of  a large  cat,  and 
is  a native  of  North  America.  18.  Fclis  caracal,  or  Persian 
lynx,  is  a native  of  Asia  and  Africa;  it  is  used  not  only  in  liw* 
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chase  of  the  smaller  quadrupeds,  but  of  the  larger  kinds  of 
birds,  such  as  herons,  cranes,  pelicans,  Ac.  l!>.  Fclis  lynx, 
the  common  Ijm.  is  found  in  all  the  colder  regions  of  Europe, 
Asia,  and  America,  residing  in  thick  woods,  and  preying  on 
hares,  deer,  birds,  nud  other  animals. 

FELLING  or  Timber.  Its  proper  season  is  determined  by 
various  causes,  as  maturity  of  growth,  defects  in  the  trees,  and 
new  arrangements.  Every  tree  that  wears  the  picture  of 
decay,  ought  to  be  felled,  let  the  price  and  demand  be  what 
they  may.  Hut  when  the  demand  is  brisk,  and  the  price  high, 
such  as  are  near  perfection  may  he  cut  down.  In  all  trees 
there  are  three  stages,  youth,  manhood,  and  age.  The  begin- 
ning of  inanhmMi  is  the  fittest  period  for  removing  trees.  All 
plantations,  when  arrived  at  maturity,  ought  to  be  rut  down 
and  replanted.  W inter  is  the  proper  season  for  felling  trees 
not  to  he  disbarked;  hut  summer  for  the  resinous  tribes.  In 
spring  and  autumn,  the  wood  is  fullest  of  sap ; in  winter  and 
summer  least  so,  and  is  the  time  fittest  for  being  levelled  with 
the  earth. 

FELLOES,  six  pieces  of  wood,  which,  with  the  addition  of 
a nave  and  twelve  spokes,  make  the  wheel  of  a gun-carriage. 

FELLOWSHIP,  the  name  of  a rale  in  Arithmetic,  useful  in 
balancing  accounts  between  traders,  merchants,  Ac. ; as  also 
in  the  division  nf  common  land,  prize-money,  and  other  cases 
of  a similar  kind.  Fellowship  is  of  two  kinds,  single  and 
double  ; or  fellowship  without  time,  and  fellowship  with  time. 

Single  Fellowship,  is  when  all  the  monies  have  been  em- 
ployed for  the  same  time,  and  therefore  the  shares  are  directly 
us  the  stock  of  each  partner.  The  rule  in  this  case  is  as  fol- 
lows : As  the  whole  stork  : the  whole  gain  or  loss  : : each 
man's  particular  stock  : his  particular  share  nf  the  gain  or  loss. 
Example.  A bankrupt  is  indebted  to  A £UW0,  to  B £‘2000,  to 
C £3000;  whereas  his  whole  effects  sold  hut  for  £1*200:  re- 
quired each  man’s  share.  Here  the  whole  debt  is  £6000,  therefore 
r 1000  : £*200,  A’s  share. 

As  6000  : 1200  : : 2 2000  : £400.  B's  share. 

(.3000  : £fi00,  C’s  share. 

Double  Fp.LLowrhip,  is  when  equal  or  different  stocks  are 
employed  for  different  periods  of  time.  The  rule  in  this  case  is 
as  follows:  Multiply  each  person’s  stock  by  the  time  it  has 
heen  engaged;  then  say,  As  the  sum  of  the  products  : the 
whole  gain  or  Joss  : : each  particular  product  : the  corre- 
sponding share  of  the  gain  or  loss. — Example.  A had  in  trade 
£60  for  four  mouths,  and  B £00  for  five  months;  with  which 
they  gained  £‘24;  required  each  person's  particular  share. 

60  x 4 ^ *200 
00  x 6 = 300 


w . «4  . . t 200  : £ 0.  12*.  A’s  gain. 

^ " ' ' t 300  : £14.  Sr.  B's  gain. 

See  Bonny  castle’s  “ Arithmetic,’'  and  most  other  authors  on 
this  subject. 

FELONY,  in  Law,  means  every  species  of  crime  which 
occasions  at  common  law  the  forfeiture  of  lands  or  goods;  as 
wilful  murder,  forgery,  house-breaking,  house-burning,  horse 
and  sheep-stealing,  rape,  highway-robbery,  cutting  and  maim- 
ing, piracy,  coining,  and  treason  against  the  king,  arc  punish- 
able with  death.  Numerous  other  offences  are  also  punishable 
with  death  ; but  the  sentence  is  generally  commuted  into  trans- 
portation for  life:  smaller  offences  Involve  transportation  for 
fourteen  or  seven  years ; and  petty  ones  are  punished  by  im- 
prisonment, whipping,  pillory,  burning  in  the  hand,  or  by  fines. 
The  idea  of  felony  is,  indeed,  so  generally  connected  with  that 
of  capital  punishment  that  we  find  it  difficult  to  separate  them  ; 
and  to  this  usage  the  interpretations  of  the  law  do  now  con- 
form. And,  therefore,  if  a statute  makes  any  new  offence  felony, 
the  law  implies  that  it  shall  be  punished  with  death,  by  hang- 
ing. as  well  as  with  forfeiture;  nnlcss  the  offender  prays  the 
benefit  of  clergy,  which  all  felons  arc  entitled  once  to  have, 
unless  the  same  is  expressly  taken  away  by  statntc.  And  the 
beneft  of  clergy  means  a privilege  formerly  allowed,  by  virtue 
of  which  a man  convicted  of  felony,  or  manslaughter,  was  put 
to  read  in  a Latin  Book,  of  a Gothic  black  character  (or  old 
English),  and  if  the  Ordinary  of  Newgate  said  Legit  utClerinu, 

e.  “ He  reads  like  a clerk"— or  parson— the  felon  was  only 


| burned  in  the  hand,  and  set  free,  ot  erwise  be  suffered  death 
for  his  crime. 

j FELSPAR,  is  n hard  kind  of  stone  which  varies  much  in 
colour,  being  flesh  red,  bluish  gray,  yellowish  white,  milk 
white,  or  brownish  yellow.  It  is  found  in  mass,  disseminated 
or  crystallized  in  four,  six,  and  ten-sided  prisms;  will  strike 
' fire  with  steel,  and  is  sometimes  opaque  am)  coloured,  some- 
times transparent  and  whitish.  The  name  is  derived  from  the 
German  language,  and  signifies  spar  of  the  fields.  It  is  a very 
common  substance,  and  constitutes  a principal  part  of  many  of 
the  highest  mountains  of  the  world.  When  exposed  to  wea- 
ther, it  gradually  acquires  an  earthy  appearance,  and  at  length 
passes  into  porcelain  clay.  Felspar  is  of  great  use  in  the 
manufacture  of  the  finer  earthenwares.  Of  the  two  substances 
which  chiefly  compose  the  porcelain  of  China,  one  called 
petunzf  is  a whitish  laminar  kind  of  felspar,  and  the  other, 
called  kaolin,  very  nearly  resembles  the  common  species  in  its 
decomposed  state.  This  mineral  is  used  in  the  celebrated 
porcelain  manufactured  at  Seves,  near  Paris,  for  the  purpose 
of  giving  to  it  a white  and  transparent  appearance.  Previously 
to  being  used,  it  is  pulverized,  made  into  a paste,  and  suffered 
to  dry.  It  is  sometimes  applied  to  the  surface  of  ornamental 
vases  in  the  form  of  enamel. 

Labrador  Felspar,  is  a very  beautiful  stone  of  smoky  gray 
colour,  intermingled  with  veins  and  shades  of  blue,  green,  and 
golden  yellow,  exhibiting  a brilliant  play  of  colours,  according 
to  the  position  with  respect  to  the  light  in  which  the  stone  is 
held.  The  original  discovery  of  this  singular  mineral  was  by 
the  Moravian  missionaries,  on  the  island  of  St.  Paul,  near  the 
coast  of  Labrador;  hut  it  has  since  been  found  in  various 
parts  of  Norwnv  and  Siberia.  In  the  late  Lcverian  museum 
there  was  exhibited  a remarkably  fine  mass  of  Labrador  fel- 
spar, the  surface  of  which  was  polished,  and  exhibited  some 
of  the  most  splendid  and  beautiful  colours  that  could  he 
imagined.  It  was  considered  to  have  been  the  most  capital 
specimen  that  was  ever  brought  to  England.  This  mineral,  on 
account  of  its  hardness,  its  brilliancy,  and  its  capability  of 
receiving  a high  polish,  is  in  considerable  estimation  among 
lapidaries  for  different  kinds  of  ornamental  work,  particularly 
for  the  tops  and  bottoms  of  snuff-boxes,  for  brooches,  anil 
necklaces. 

FELTING,  the  method  of  working  up  hair  or  woo!  into  a 
species  of  cloth,  independently  of  cither  spinning  or  weaving. 
See  II  AT-M  AKlS'G. 

FELUCCA,  a little  vessel  with  oars,  freqocnt  in  the  Medi- 
terranean. 

FEMINEUS,  Flos,  a female  flower.  By  this  name  Linnaeus 
denominates  a flower  which  is  furnished  with  the  pistillum. 
Female  flowers  may  be  produced  apart  from  the  male,  either 
on  the  same  root,  or  on  distinct  plants.  The  birch  and  mnl- 
herry  are  examples  of  the  first  case  ; willow  and  poplar  of  the 
second. 

j FEMME  Covert,  in  Law,  a married  woman;  as  femme  toSe 
J is  an  unmarried  woman,  whose  debts  contracted  before  mar- 
riage. become  those  of  her  husband  after  it. 

FEN,  a place  overflowed  with  water,  or  abounding  with 
hogs,  as  the  bogt  in  Ireland,  the  fens  in  Lincolnshire,  Kent, 
and  Cambridgeshire.  These  fens  abound  in  dark,  teal, 
mallards,  pike,  eels,  Ac.;  and  a herbage  that  is  very  nourishing 
to  sheep  and  cattle. 

FENCE,  in  Gardening  and  Husbandry,  a hedge,  wall,  or 
ditch.  Ac.,  or  other  enclosure  made  round  gardens,  fields, 
woods,  Ac.  Fences  round  parks  are  generally  of  paling,  which, 
if  well  made  of  winter-fallen  oak,  will  last  40  years.  But  a 
principal  thing  to  be  observed,  is,  not  to  have  such  fences  tno 
heavy,  as  their  own  weight  will  cause  them  to  decay.  The 
posts  should  not  be  more  than  1)  feet  asunder,  the  rails  tri- 
angular. the  pales  cleft,  | inch  one  edge  and  | the  other ; and 
every  alternate  pale  0 inches  above  the  intermediate  one. 

FENCING,  an  accomplishment  both  agreeable  and  nseful 
agreeable,  as  it  is  a noble  and  innocent  amusement ; useful,  as 
it  forms  the  body,  and  furnishes  its  practitioners  with  a moat 
manly  method  of  self-defence,  whether  in  support  of  their 
honour,  nr  to  protect  life,  when  attacked  by  those  turbulent 
and  dangerous  bullies,  whose  chastisement  is  of  service  to 
society  in  general. 
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FEODi\L,  Feud,  or  Fee  System,  called  also  “Ihe  Feudal 
System.”  which  existed  in  Europe,  in  time  back,  was  this:  — 
When  the  northern  nations,  the  Goths.  Vandals,  &c.  overran 
the  Roman  empire  in  tho  5th  century  of  otv  ssrn,  they  brought 
the  feudal  system  along  with  them  and  established  it  wher- 
ever they  settled.  According  to  this  system,  the  victorious 
general  allotted  considerable  tracts  of  land  to  his  principal 
officers;  while  they,  in  like  manner,  divided  their  possessions 
among  the  inferior  officers,  and  such  of  the  common  soldiers  as 
were  bravest  in  battle.  This  stipend  of  land  they  called  a fief, 
feod , or  feud ; and  the  condition  of  tenure  was,  that  the  tenants 
in  fief  should  serve  the  owner  of  the  fee-simple,  or  lessor,  or 
lord,  at  home  and  abroad  in  all  wars  and  military  expeditions. 
To  this  they  bound  themselves  by  an  oath  of  fealty,  so  that  a 
reciprocal  tie  linked  the  highest  chief  with  the  humblest  of  his 
followers,  who  conld  not  only  enjoy  hut  dispose  of  their  terri- 
tory as  they  pleased,  the  possessor  being,  by  Ids  occupancy, 
bound  for  military  service,  as  was  his  predecessor.  When 
William  the  Conqueror  was  crowned  king  of  England,  he 
secured  his  victory  by  loading  the  Saxons  with  the  heaviest 
chains  of  the  feudal  laws,  and  imposed  upon  all  the  proprietors 
of  land,  various  hardships  unknown  before  in  England.  These 
were  the  subjects  of  complaint  and  opposition  for  many  ages 
after  the  conquest.  With  the  Norman  lanyuage,  which  was 
adopted  in  the  courts  of  justice,  were  introduced  the  Norman 
Ismss.  The  ancient  trial  by  jury  w as  superseded  by  the  uncer- 
tain and  unjust  decision  by  single  combat,  a practice  which  w as 
established  by  law,  and  conducted  with  regular  ceremonies 
and  forms  of  devotion.  The  extinction  of  all  fires  at  the 
melancholy  sound  of  the  curfew  or  evening  hell,  was  a striking 
emblem  of  the  extinction  of  liberty.  The  nation  groaned  under 
every  distress  that  a politic  and  obdurate  conqueror  could 
inflict  ; and  their  chains  were  so  firmly  riveted,  as  to  require 
a degree  of  energy  and  unanimity  to  break  them,  which  the 
oppressed  Saxons  had  not  sufficient  resolution  to  exert.  The 
Conqueror  not  only  broke  the  line  of  hereditary  succession  to 
the  crown  of  England,  but  reduced  the  people  to  the  most 
abject  slavery.  The  confiscation  of  the  estates  of  the  Saxon 
nobles  indicated  both  bis  policy  and  rapacity.  He  caused  a 
survey  to  be  made  of  all  the  lands  in  the  kingdom,  with  a 
distinct  account  of  their  extent  and  value,  and  the  names  of 
the  proprietors.  This  curious  record,  called  Doomsday  Rook, 
/Jo mu*  Dei  Liber,  is  preserved  in  the  Exchequer,  and  lias  been 
printed.  These  lands  were  divided  into  00,215  military  fiefs  ; 
some  were  reserved  by  the  Conqueror  for  himself;  and  the  rest 
were  bestowed  upon  his  Norman  followers,  to  be  held  under 
the  obligation  of  each  vassal  taking  up  arms,  and  appearing  in 
the  field,  whenever  the  king  raised  his  standard  of  war. 

FEOFFMENT,  in  Law,  the  gift  of  any  corporeal  heredita- 
ment to  another.  He  that  so  gives  or  enfeoffs,  is  called  the 
feoffor,  and  the  person  cnfcofTed,  or  put  in  possession,  is  deno- 
minated the  feoffee. 

FER.'E.  in  Zoology,  an  order  of  quadrupeds,  the  distinguish- 
ing characters  of  which  arc.  that  all  the  animals  belonging  to 
it  have  fore-teeth  conic,  usually  six  in  each  jaw  ; tusks  longer; 
grinders  with  conical  protections ; feet  with  claws ; claws 
subulate ; food  carcasses,  and  preying  on  other  animals. 

Fea<*  Naturae,  are  animals  of  a wild  nature,  in  which  a 
man  has  only  a qualified  and  limited  property,  which  some- 
times subsists,  and  at  other  times  does  not. 

FER  DE  FOURCHKTTK,  in  Heraldry,  a cross  having  at 
each  end  a forked  iron,  like  that  formerly  used  by  soldiers  to 
rest  their  muskets  on.  And  Fer  de  Moulin,  is  a bearing  sup- 
posed to  represent  the  iron  ink,  or  ink  of  a mill,  which  sustains 
the  moving  millstone. 

FERGUSON,  James,  an  eminent  experimental  philosopher 
and  mechanic,  was  born  of  very  poor  parents,  in  UamfTshire,  in 
Scotland,  in  1710;  in  which  humble  situation  he  very  early 
gave  great  proofs  of  an  original  and  enterprising  genius,  which 
be  afterwards  displayed  much  to  his  own  credit  and  emolu- 
ment; having  accumulated  at  his  death,  which  happened  in 
1770,  a sum  of  £8000.  Mr.  Ferguson  was  fellow  of  the  Royal 
Society,  and  author  of  some  works  on  astronomy  and  me- 
chanics. 

FERMAT,  Peter,  a celebrated  French  mathematician,  was 
born  in  1590,  and  became,  by  his  talents  and  acquirements, 
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counsellor  of  the  parliament  of  Toulouse.  Fermat  was  inti- 
mately acquainted  with  all  the  first-rate  mathematicians  of  his 
age,  either  personally  or  by  correspondence. 

FERMENTATION,  an  intestine  motion,  excited  by  tho 
assistance  of  proper  heat  and  fluidity  between  the  integrant 
and  constituent  parts  of  farinaceous,  saccharine,  and  a few 
other  substances,  from  which  new  combinations  of  their  »e- 
spective  principles  result.  The  various  kinds  of  fermentation 
are— 1.  The  Vinous;  2.  The  Acetous;  3.  The  Panary  ; 4.  The 
Putrid. 

1.  The  Vinous  Fermentation . — When  a solution  of  saccharine 
matter,  or  saccharine  matter  and  starch,  or  sweet  juice*  of 
fruits,  suffer  this  change,  the  result  is  beer  or  wine,  and  the 
process  is  called  a vinous  fermentation. 

2.  Acetous  /'mnratflfioii. — When  wine,  or  any  fermented  or 
vinous  liquor,  is  exposed  to  a heat,  from  75°  to  80°  Fahrenheit, 
and  access  Of  air  is  permitted,  the  fluid  become*  torpid,  a new 
change  of  principles  takes  place  ; it  loses  it*  taste  and  smell, 
becomes  sour,  and  is  converted  into  vinegar. 

3.  Panary  Fermentation.— This  is  the  fermentation  produced 
by  the  action  of  yeast  or  flour  and  water  in  the  making  of 
bread. 

4.  Putrid  Fermentation. — This  is  the  last  change  or  final 
decomposition  of  vegetables.  Without  moisture,  heat,  and  a 
due  access  of  air,  this  decomposition  doe*  not  take  place.  In 
this  stato  of  fermentation,  ammonia  is  thrown  out,  accom- 
panied by  a very  offensive  smell.  Vegetables  which  contain 
albuminous  matter  and  gluten,  are  most  liable  to  putrefaction 
or  fermentation. 

FERRAGO.  simply  rust,  called  in  Chemistry  oxide  of  iron  ; 
from  ferrum,  iron. 

FERRETTO,  in  Glass  Making,  a substance  used  in  colour- 
ing glass.  and  obtained  from  a simple  calcination  of  copper  and 
powdered  brimstone,  or  copper  and  white  vitriol.  See  Glass 
Making. 

FERRUGINOUS,  any  thing  partaking  of  iron,  or  that  con- 
tain* particles  of  that  metal. 

FERRY,  a liberty  by  prescription,  or  by  the  king's  grant,  to 
have  a boat  for  passage  on  a frith  or  river,  for  carrying  passen- 
gers, horses,  or  any  goods,  over  the  same  for  a reasonable  toll 
or  tax. 

FERTILITY,  as  of  soils,  &c.  denominates  their  being  fruit- 
ful, prolific.  4cc.  In  all  animals,  every  thing  that  promote* 
health  conduces  to  fertility  ; and  perfect  fecundity  must  result 
from  good  blood,  good  spirits,  high  health,  and  perfect  animal 
functions.  All  the  medicines,  nostrums,  and  specifics,  different 
from  these,  are  arrant  quackery.  Such  is  the  doctrine  of  phy- 
siologists ; yet  we  sec  most  fertile  the  wives  of  the  labouring 
poor — of  mechanics,  who  earn  perhaps  only  ldshiltings  a week, 
on  which  a family  of  seven  persons  has  to  be  supported.  This 
is  incontrovertible.  It  is  obvious  then,  that  high  living  is  not 
necessary  to  the  fecundity  of  our  specie*,  though  it  is  also  a 
fact  that  there  are  living,  at  this  time  (1825),  mothers  of  ten, 
nay,  sixteen  children,  who  have  all  their  lives  lived  in  the  lap 
of  luxury.  A*  respects  the  fertility  of  the  mother  earth,  soils 
may  be  improved  by  pulverisation,  which  allows  the  rain  to 
penetrate  the  soil,  and  gives  scope  to  the  roots  of  vegeta- 
bles, according  to  their  abundance.  It  besides  increases  tlm 
capillary  attraction,  which  is  always  greater  in  proportion  as 
the  particles  of  earth  are  finely  divided.  Air,  light,  and  heat, 
arc  also  communicated  to  under  strata,  by  turning  up  and  lay- 
ing open  the  soil ; and  plants  and  vegetables  cannot  flourish  in 
all  their  perfection  without  those  great  elements  of  animating 
nature.  Ploughing,  digging,  harrowing,  raking,  dunging,  scat- 
tering of  ashes,  and  alkali  residues,  arc  the  great  agent*  in 
mixing,  enriching,  warming,  and  nourishing  soils,  so  as  to  give 
them  all  that  fertility  of  which  they  are  capable  ; and  where 
these  important  matters  arc  well  regulated,  fertility  will  ordi- 
narily take  place,  and  the  desire  of  the  owners  or  occupiers  of 
file  land  will  ensue. 

FESSE,  in  Heraldry,  one  of  the  nine  honourable  ordinaries. 
Feste.  point  is  the  exact  centre  of  the  escutcheon ; ftsse  n ays 
denotes  any  thing  borne  after  the  manner  of  a fesse,  i.  e.  in  a 
rank  across  the  middle  of  the  shield ; and  fesse  per  feste  implies 
a parting  across  the  middle  of  the  shield  from  side  to  side, 
through  the  fesse  point. 
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FESTOON, in  Architecture, 

Sir.  an  ornament  in  form  of  a 
garland  of  flowers,  fruits,  and 
leaves,  intermixed  or  twisted 
together,  and  generally  more 
bulky  in  the  middle  than  to- 
wards the  ends,  which  hang 
down  perpendicularly,  as  in 
the  annexed  figure, 

FEU  Duty,  in  Scots  Law,  the  annual  duty  which  a vassal, 
l>y  the  tenor  of  his  right,  becomes  hound  to  pay  his  superior  ; 
hence  the  tenure  of  few  holding. 

FEVER,  a disease  in  which  the  body  is  violently  heated,  the 
pulse  quickened,  and  the  patient  attacked  alternately  with  heat 
and  cold.  Fevers  ure  either  intermittent,  continued,  remittent, 
scarlet,  Ac.  and  usually  attended  with  headache,  thirst,  gid- 
diness, and  sometimes  difficulty  of  breathing.  Their  treatment 
is  as  various  as  their  names,  and  the  systems  of  practitioners. 
But  wc  cannot  enter  upon  this  topic,  which  is  of  too  much 
consequence  to  be  handled  in  a few  pages. 

FIBRE,  in  Anatomy,  a simple  body,  being  tine  and  slender 
like  a thread,  and  serving  to  form  other  parts.  Hence  fibrin 
is  that  substance  which  constitutes  the  fibrous  part  of  the  mus- 
cles of  animals. 

FIBRIN,  is  a peculiar  organic  compound  found  in  vege- 
tables and  in  animals.  There  arc  few  vegetables  from  which 
this  substance  is  obtained  distinctly  characterized,  bat  it  is 
found  abundantly  in  all  animals.  Chyle,  the  blood,  and  the 
muscular  flesh,  produce  it.  If  the  blood  from  the  veins  be 
beaten  with  rods,  long  reddish  filaments  of  fibrin  will  adhere 
to  them,  and  if  washed  in  cold  water,  they  will  become  colour- 
less, and  the  matter  of  fibrin  will  be  found  to  be  solid,  white, 
insipid,  without  colour  and  smell.  When  moist,  it  is,  in  some 
degree,  elastic ; when  dried,  it  is  yellow,  hard,  and  brittle.  By 
distillation  it  yields  carbonate  of  ammonia,  some  acetate, 
brown  oil,  ami  gaseous  products.  There  remains  in  the  retort 
a charcoal,  which,  after  combustion,  leaves  phosphate  of  lime, 
phosphate  of  magnesia,  with  carbonate  of  limo  and  soda. 

FIBROLETE,  a mineral,  first  observed  by  Bournon,  in  the 
matrix  of  the  imperfect  corundum.  It  is  composed  of  66.25 
alumina,  ,16.00  silica,  3,76  a trace  of  iron,1  and  loss. 

FICUS,  a genus  of  tltc  tricecia  order,  in  the  polygamia  class 
of  plants,  and  in  the  natural  method  ranking  under  the  63d 
tuder,  scabiiriae.  Thei  r arc  50  species,  of  w hich  the  banian- 
tree  is  the  most  remarkable.  See  R avian-tree. 

FI  I)  I),  on  board  ship,  is  an  iron  or  wooden  pin,  to  splice  and 
fasten  ropes  together. 

FIELD,  in  Heraldry,  the  whole  surface  of  the  shield,  or  the 
continent,  so  called  because  it  rontainrth  those  achievements 
anciently  acquired  in  the  field  of  battle.  It  is  now  the  ground 
on  which  the  colours,  bearings,  metals,  furs,  charges,  Ac.  are 
represented. 

Field  Booh,  in  Surveying,  the  angles,  stations,  distances, 
Ac.  are  set  down.  Set  Surveying  of  Land, 

Field  Pieeet.  small  cannons  from  3 to  12  pounders,  carried 
along  with  an  army  ; and  the  Field  Staff.  carried  by  the  gun- 
ners, is  about  the  length  of  a halbert,  w ith  a spear  at  one  end, 
having  on  each  side  cars  screwed  on,  like  the  cock  of  a match- 
lock, into  which  the  bomadiers  screw  lighted  matches  when 
they  arc  tipun  command  ; and  then  the  field  stalls  are  said  to 
be  armed. 

Filld  WVIi,  in  Fortification,  arc  those  thrown  up  by  an 
army  in  besieging  a fortress,  or  by  tbe  besieaed  to  defend  the 
place  ; as  the  fortifications  of  camps,  highways,  Ac. 

FIERI  FACIAS,  a judicial  writ  that  lies  at  all  limes  within 
the  year  aud  day  for  him  who  has  recovered  in  an  Bction  of 
debt  or  damages,  to  the  sheriff,  to  command  him  to  levy  the 
debt  or  damages  of  his  goods  against  whom  the  recovery 
was  had. 

FIFE,  a wind  instrument  of  the  martial  kind,  consisting  of  a 
short  narrow  tube  with  holes  disposed  along  the  side,  for  the 
regulation  of  its  tones. 

FIFTH,  in  Music,  a distance  comprising  four  diatonic  inter- 
vals, i.  e.  three  tone*  and  a half.  Fifth  Sharp,  is  an  interval 
consisting  of  eight  semitones. 

FIFTEENTH/  an  ancient  tribute  or  tax  laid  upon  cities, 


boroughs,  Ac.,  through  all  England,  and  so  termed,  because  it 
amounted  to  a fifteenth  part  of  what  each  city  or  town  had  been 
valued  at;  or  it  was  a fifteenth  of  every  man's  personal  estate, 
according  to  a reasonable  valuation.  In  doomsday -book,  there 
are  certain  rates  mentioned  for  levying  this  tribute  yearly;  but 
since,  any  such  tax  cannot  be  levied  but  by  parliament. 

FIGURE,  in  Grammar,  is  a deviation  from  tbe  natural  rales 
of  etymology,  syntax,  and  prosody,  either  for  brevity,  ele- 
gance, or  harmony. 

Figure,  in  Rhetoric,  is  a manner  of  speaking  different  from 
the  ordinary  and  plain  mode,  and  more  cwphaticul,  expressing 
a passion,  or  containing  a beauty. 

Figure  of  a Body,  in  Geometry  and  Mensuration,  denotes 
generally  its  form  or  shape  ; whence  as  all  bodies  are  of  some 
form  or  figure,  figurability  is  reckoned  amongst  the  essential 
properties  of  body  or  mailer.  A body  without  figure  would  be 
without  limits,  aod  must  therefore  be  infinite. 

Figure,  in  Painting  and  Designing,  denotes  the  lines  and 
colours  which  form  the  representation  of  any  animal,  but  more 
particularly  of  a human  person.  Set  Drawing. 

Figures,  in  Arithmetic,  arc  the  nine  digits,  1,2,3, 4,  Ac. 

FILACER,  or  Filazer,  an  officer  of  the  court  of  common 
pleas,  so  called,  because  he  files  those  writs  whereupon  he 
makes  out  process.  There  arc  fourteen  of  them  in  their  several 
divisions  and  counties,  and  they  make  out  all  writs,  aud  pro- 
cesses upon  original  writs,  issuing  out  of  chancery. 

FILAMENT,  in  Anatomy  and  Natural  History,  Ac.  is  the 
same  as  fibre,  and  is  applied  to  those  fine  threads  that  compose 
the  flesh,  nerves,  skin,  plants,  roots.  Ac.  of  all  vegetating 
organised  bodies.  Hcncc  the  thread,  cloth,  Ae.  from  flax, 
nettles,  hop  stalks.  Ac, 

Filaments,  Vegetable,  form  a substance  of  great  use  in 
the  arts  and  manufactures  ; furnishing  thread,  cloth,  cordage, 
Ac.,  as  the  filamentous  parts  of  hemp  and  flax  arc  employed 
among  ns. 

FILARIA,  a genus  of  insects  of  the  order  infeslina.  There 
arc  several  species,  infesting  different  animals  and  insects. 
The  medinrnsis  is  the  most  remarkable  species;  it  inhabits  tbe 
Indies,  and  is  frequent  in  the  morning  dew,  whence  it  enters 
the  feet  of  the  slaves,  and  creates  the  most  troublesome  i tell- 
ings. accompanied  with  inflammation  nod  fever. 

FILE,  among  Mechanics,  a furrowed  loot  used  to  polish  or 
prepare  metals,  Ac.  and  usually  cut  in  steel. 

Mr.  Nicholson  has  obtained  a patent  for  machinery  for  the 
manufacture  of  files ; which  consists,  I.  Of  a carriage,  in  which 
the  file  is  fixed,  and  moved  for  the  purpose  of  receiving  the 
strokes  of  a cutter  or  chisel.  2.  The  anvil  by  which  the  file  is 
supported  beneath  the  part  which  receives  the  stroke.  3.  The 
regulating  gear,  by  which  the  distance  between  the  strokes  is 
governed  : and  4.  The  apparatus  for  giving  the  stroke  or  cut. 
Those  four  parts  arc  supported  by  a frame  of  wood  or  metal, 
according  to  the  nature  of  Use  work  to  be  performed.  By  this 
machinery,  a blind  roan  can  cut  a file  with  more  exactness  than 
the  most  skilful  workman  in  the  ordinary  way. 

FILES,  Machines  for  Cutting  of.  There  have  been 
various  contrivances  for  this  purpose,  but  among  the  best  wo 
are  acquainted  with,  is  one  described  in  the  Transactions  of  tbe 
American  Philosophical  Society.  AAA  A,  (as  in  the  following 
figure,)  is  a bench  made  of  well -seasoned  oak,  the  face  of  which 


is  planed  very  smooth.  BBBBB.  the  feet  of  the  bench, 
which  should  be  substantial.  GCCC.  the  carriage  on  which 
the  files  arc  laid,  which  moves  along  the  face  of  the  bench 
A A A A.  parallel  to  its  sides,  and  carries  the  files  gradually 
under  the  edge  of  the  cutter  or  chisel  H H,  while  the  teeth  are 
cut:  this  carriage  is  made  to  mote  by  a contrivance  somewhat 
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similar  to  that  which  carries  the  log  against  the  saw  of  a saw-  | 
mill,  as  will  be  more  particularly  described.  D D D,  are  three 
iron  rods  inserted  in  the  ends  of  the  carriage  CCCC,  and 
passing  through  holes  in  the  studs  EKE,  which  are  screwed 
firmly  against  the  ends  of  the  bench  A A A A.  for  directing  the 
course  ot  the  carriage  CCCC.  parallel  to  the  sides  of  the  said 
bench.  F F,  two  upright  pillars,  mortised  firmly  into  the 
bench  AAA  A.  nearly  equidistant  from  each  end  of  it.  near 
tire  edge,  and  directly  opposite  to  each  other.  G,  the  lever  or 
arm  which  carries  the  cutler  H H,  (fixed  by  the  screw  I.)  and 
works  on  the  centres  of  two  screws  K K.  which  are  fixed  into 
the  two  pillars  F F,  in  a direction  right  across  the  bench 
A A A A.  By  tightening  or  loosening  these  screws,  the  arm 
which  carries  the  chisel  may  Iks  made  to  work  more  or  less 
steadily,  L is  the  regulating  screw,  hy  means  of  which  the 
files  may  be  made  coarser  or  finer;  this  screw  works  in  a stud, 
M,  which  is  screwed  firmly  upon  tho  top  of  the  stud  F:  the 
lower  end  of  tire  screw  L bears  against  the  upper  part  of  the 
arm  C,  and  limits  the  height  to  which  it  ran  rise.  N is  a steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  F,  and 
the  other  end  presses  against  the  pillar  O,  which  is  fixed  upon 
the  arm  G;  by  its  pressure  it  forces  the  said  arm  upwards, 
until  it  meets  with  the  regulating  screw.  L.  P is  an  arm 
with  a claw  at  one  end  marked  6.  the  other  end  is  fixed  by  a 
joint  into  the  end  of  the  stud  or  pillar  O ; and  by  the  motion  of 
the  arm  G.  is  made  to  move  the  ratch-wbcel  Q.  This  ratch- 
wheel  is  fixed  upon  an  axis,  which  carries  a small  trundle- 
head  or  pinion  R,  on  the  opposite  end  ; this  takes  into  a piece 
S S,  which  is  indented  with  teeth,  and  screwed  firmly  agaiust 
one  side  of  the  carriage  CCCC:  hy  means  of  this  piece 
motion  is  communicated  to  the  carriage.  T is  a clamp  for 
fastening  one  end  of  the  file  Z Z,  in  the  place  or  bed  on  which 
it  is  to  be  cut.  V is  another  clamp  or  dog,  at  the  opposite  end, 
which  works  by  a joint  W,  firmly  fixed  into  the  carriage 
CCCC,  Y is  a bridge,  likewise  screwed  into  the  carriage, 
through  which  the  screw  X passes,  and  presses  with  its  lower 
end  against  the  upper  side  of  the  clamp  V ; under  which 
damp  the  other  end  of  the  file  ZZ,  is  placed,  and  held  firmly 
in  its  situation  while  it  is  cutting,  by  the  pressure  of  tbe  said 
clamp  V.  77  7 7 is  a bed  of  lead,  which  is  let  into  a cavity 
formed  in  the  body  of  tbe  carriage,  something  broader  and 
longer  than  the  largest  fixed  files  ; the  upper  face  of  this  bed  of 
lead  is  formed  variously,  so  as  to  fit  the  different  kind  of  files 
which  may  be  required.  At  the  figures  22,  arc  two  catches 
which  take  into  the  teeth  of  the  rutch-whcel  Q,  to  prevent  a 
recoil  of  its  motion.  3 3 is  a bridge  to  support  one  end  4,  of 
the  axis  of  the  ratch- wheel  Q.  5,  a stud  to  support  the  other 
end  of  the  axis  of  that  wheel. 

When  tbe  file  or  files  are  laid  in  their  place,  the  machine 
must  be  regulated  to  cut  them  of  the  due  degree  of  fineness,  by 
means  of  the  regulating  screw  L;  which,  hy  screwing  further 
through  tho  arm  M.  will  make  the  files  finer,  and  rice  vena,  by 
unscrewing  it  a little,  will  make  them  coarser ; for  the  arm  G 
will  by  that  menus  have  liberty  to  rise  the  higher,  which  will 
occasion  tbe  arm  P,  with  the  claw,  to  move  further  along  the 
periphery  of  the  rateb-wheel,  and  consequently  communicate  a 
more  extensive  motion  to  the  carriage  CCCC,  and  make  the 
files  coarser.  When  the  machine  is  thus  adjusted,  by  striking 
with  a hammer  on  tbe  head  of  the  cutter  or  chisel  H H,  all  the 
movements  arc  set  to  work,  and  by  repeating  tho  stroke  with 
the  hammer,  the  files  on  one  side  will  eventually  be  cut  They 
must  then  be  turned,  and  tbe  operation  repeated  for  catting  the 
other  side.  This  machine  may  be  made  to  work  by  water  as 
well  as  by  hand,  to  cut  large  or  small,  coarse  or  fine  ; or  indeed 
any  number  at  the  same  time.  The  materials  and  dimensions 
of  this  machine  most  he  left  to  the  judgment  of  the  mechanic, 
but  the  whole  must  be  capable  of  bearing  a considerable 
portion  of  violence  and  thumping. 

FILL  AGREE  Work,  a kind  of  enrichment  on  gold  or  silver, 
wrought  delicately  like  threads  or  grains,  or  both  intermixed. 
The  gold  and  silver Jillagree  of  Sumatra  is  the  most  esteemed  of 
the  world,  yet  is  it  made  with  tho  coarsest  tools, — a piece  of 
bamboo  cane  serving  as  a blow-pipe,  a couple  of  old  nails  as 
n pair  of  compasses : an  old  iron  hoop  serves  many  purposes. 
The  price  of  the  workmanship  depends  on  the  difficulty  or  un- 
caminonncss  of  the  pattern,  but,  in  general,  it  is  only  ono-third 


of  the  value  of  the  metal,  except  in  matters  of  funcy,  when  it 
amounts  to  as  much  as  the  gold. 

FILLET,  in  Architecture,  a little  square  member  used  in 
divers  places,  but  generally  as  a sort  of  corona  over  a greater 
moulding.  In  Heraldry,  a bordure  or  orle,  one-third  part  the 
breadth  of  the  common  bordure.  It  runs  quite  round,  near  tho 
edge,  as  a lacc  over  a cloak.  It  sometimes  appears  like  a 
scarf  across  the  shield. 

Fillets,  in  tho  Manege,  the  loins  of  a horse  which  begin  at 
the  place  where  the  hinder  part  of  tbo  saddle  rests. 

FILTER,  or  Filtrk,  in  Chemistry,  a strainer  through  whici 
any  fluid  is  passed,  to  separate  the  gross  particles,  and  rende* 
it  limpid. 

FILTERING  Basons,  &c.,  are  either  natural  or  artificial, 
for  the  purpose  of  purifying  water.  Natural  filters  aro  found 
in  rocks,  mountains,  beds  of  sand,  gravel,  kc.  Artificial  filter- 
ing basons  consist  of  equal  parts  of  pipe-clay  and  coarse  sand. 
They  should  be  three-quarters  of  an  inch  thick. 

FILTRATION,  in  Chemistry,  is  sifting  through  the  pores 
of  paper,  flannel,  or  fine  linen  or  sand,  pounded  glass,  or 
porous  stones,  and  the  like  ; but  it  is  used  only  for  separating 
fluids  from  solids,  or  particles  tliut  may  happen  to  bo  suspended 
in  them,  and  not  chemically  combined  with  the  fluids. 

FIN,  in  Natural  History,  a well  known  part  of  fishes,  con- 
sisting of  a membrane  supported  by  rays,  or  little  bony  or  car- 
tilaginous ossicles, 

FINANCE,  the  economy  of  the  public  revenue  and  expendi- 
ture of  nations.  The  English  system  of  finance  rests  on  tbe 
produce  of  tho  various  taxes,  the  aggregate  amount  of  which, 
after  deducting  the  expenses  of  collecting,  together  with  a few 
small  articles  which  cannot  properly  bo  called  taxes,  forms  the 
whole  of  the  public  income. 

FINE,  in  Law,  has  different  significations.  It  sometimes 
denotes  a formal  conveyance  of  lands  or  tenements,  or  of  any 
inheritable  thing,  in  order  to  cut  off  all  controversies:  some- 
times it  means  a sum  of  money  paid  for  entering  into  the  pos- 
session of  lands  or  tenements  let  by  lease.  Again,  it  signifies 
a pecuniary  mulct  for  an  offence  conducted  against  the  king,  or 
the  lord  of  the  manor. 

FINERS  of  gold  and  silver,  are  those  who  separate  these 
metals  from  coarser  ores. 

FIRE,  that  invisible  fluid  by  which  bodies  arc  expanded, 
and  bccomo  hot,  is  best  known  from  its  effects ; and  fo  these, 
and  not  to  the  disputes  that  have  agitated  philosophers  con- 
cerning this  subject,  must  we  look  for  all  the  knowledge  to  he 
gained  respecting  this  chief  agent  in  nature,  on  which  animal 
and  vegetable  existence  have  so  close  and  inscrutable  a depen- 
dence, and  without  which  it  does  not  appear  that  nature  could 
exist  a single  moment.  Whenever  you  perceive  a number  of 
qualities  always  existing  together,  you  arc  warranted  to  con- 
clude, that  there  is  some  substanco  which  produces  those 
qualities.  Fire  drives  out  other  bodies  from  any  given  space ; 
it  has  a constant  tendency  to  diffuse  itself  uniformly,  so  as  to 
maintain  an  equilibrium : it  dilates  some  substances  ; it  must 
have  penetrated  them;  it  expels  other  bodies,  and  takes  their 
place ; therefore  we  conclude,  it  must  itself  be  a body — a real 
and  material  substance. 

Air  is  a substance,  and  not  a quality.  People  who  are  unac- 
quainted with  the  principles  of  natural  philosophy,  vould  not 
suppose  that  the  air  by  which  we  are  sorrounded  is  a material 
substance,  like  water,  or  any  other  visible  matter.  Being 
perfectly  invisible,  and  affording  no  resistance  to  the  touch,  it 
must  seem  to  them  extraordinary  to  consider  it  as  a solid  and 
material  substance ; and  yet  a few  simple  experiments  will 
convince  any  one  that  it  is  really  matter,  and  possesses  weight, 
and  the  power  of  resisting  other  bodies  that  press  against  it. 
And  it  differs  from  all  other  fluids  in  the  four  following  particu- 
lars : — 

1 It  can  be  compressed  into  a much  less  space  than 
what  it  naturally  possesses.  2.  It  canoot  be  congealed,  or 
fixed,  as  any  other  fluids  may.  3.  It  is  of  n different  density 
in  every  part  upward  from  the  earth's  surface,  decreasing  in 
its  weight,  bulk  for  hulk,  tbe  higher  it  rises.  4.  It  is  of  an 
elastic,  or  springy  nature,  and  the  force  of  its  spring  is  equal 
to  its  weight. 

Fire,  in  common  with  air,  is  subject  to  these  laws.  Light  is 
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an  emanation  of  fire-  the  decomposition  of  tbe  rays  of  light 
proves  its  materiality  ; what  is  light  on  the  surface  of  a burn- 
ing glass,  is  firo  at  its  focus  ; whatever,  therefore,  proves  the 
materiality  of  light,  is  applicable  to  lire. 

We  conclude,  therefore,  that  fire  is  a real  and  material  sub- 
stance; and  by  the  word  fire  we  mean  that  very  subtile  fluid 
which  all  men  call  fire  ; beat  is  an  *j feet  of  fire,  or  a proof  of 
its  presence ; absolute  heat  and  fire  are  words  of  the  same 
import ; relative  heat  is  an  epithet  applied  to  the  measured 
effects  of  fire.  Fire  penetrates  all  bodies,  even  the  hardest ; 
and  one  of  its  most  constant  characters  is  a continual  ten- 
dency to  equilibrium,  or  to  flow  from  a warmer  to  a colder 
substance. 

Heat,  considered  as  a sensation,  or,  In  other  words,  sensible 
heat,  is  only  the  effect  produced  upon  onr  organs  by  the  motion 
of  calorie , disengaged  from  Ibe  surrounding  bodies.  In  gene- 
ral we  receive  Impressions  only  in  consequence  of  motion,  and 
it  might  be  established  as  an  axiom,  that  mlAouf  motion  there  is 
no  sensation.  This  general  principle  applies  very  accurately  to 
the  sensations  of  heat  and  cold.  When  we  touch  u cold  body, 
the  ealoric,  which  always  tends  to  become  in  equilibrio  in  all 
bodies,  passes  from  our  band  into  the  body  we  touch,  which 
gives  us  the  feeling  or  sensation  of  cold.  The  contrary  happens 
when  we  touch  a warm  body ; the  caloric  then,  in  passing  from 
the  body  into  our  hand,  produces  the  sensation  of  heat.  If  the 
hand  and  the  body  touched,  be  of  the  same  temperature,  or 
very  nearly  so,  we  receive  no  impression  either  of  heat  or  cold, 
because  there  is  no  motion  or  passage  of  caloric.  See  Caloric, 
Evaporation,  Heat,  Pyrometer. 

Fire  Arrou a steel  or  iron  dart  used  by  privateers  and 
pirates,  to  set  fire  to  tbo  sails  of  tbe  enemy  in  battle. 

Fire,  Hafir  of.  tn  Meteorology,  a kind  of  luminous  bodies, 
generally  appearing  at  a great  height  above  tbe  earth,  with  a 
splendour  surpassing  that  of  the  moon  ; and  sometimes  equal- 
ing her  apparent  size.  They  generally  proceed  in  this  hemi- 
sphere from  north  to  south  with  vast  velocity,  frequently 
breaking  into  several  smaller  ones,  sometimes  vanishing  with 
a report,  sometimes  not. 

Fire  Ball,  in  the  art  of  War,  a composition  of  meal-powder, 
sulphur,  saltpetre,  pitch,  kc.,  about  the  bigness  of  a hand- 
grenade,  coated  over  with  flax,  and  primed  with  a slow 
composition  of  a fusee.  This  is  to  be  thrown  into  the  enemy's 
works  in  the  night-time,  to  discover  where  they  are : or  to  fire 
houses,  galleries,  or  blinds  of  the  besiegers  ; but  they  are  then 
armed  with  spikes,  or  hooks  of  iron,  that  they  may  not  roll 
off,  but  stick  or  hang  where  they  are  designed  to  have  any 
effect. 

Fire  Barrels,  used  In  fire-ships,  and  ought  to  be  of  a cylin- 
drical form,  as  best  adapted  to  contain  the  reeds  with  which 
they  are  filled,  and  more  convenient  for  stowing  them  between 
the  troughs  in  the  fire-room.  Their  inside  diameters  should 
not  he  less  than  21  inches,  and  30  inches  are  sufficient  for  their 
length.  The  bottom  parts  arc  first  well  stowed  with  short 
double-dipped  reeds  placed  upright,  and  the  remaining 
vacancy  is  filled  with  fire-brand  composition,  well  mixed  and 
melted,  and  then  poured  over  them.  The  composition  used 
for  this  purpose  is  a mass  of  sulphur,  pitch,  tar,  and  tallow. 
There  arc  five  holes  of  3-4  inch  in  diameter,  and  three  inches 
deep,  formed  in  the  top  of  the  composition  while  it  is  yet 
warm;  one  being  in  the  centre,  and  the  other  four  at  equal 
distances  round  the  sides  of  the  barrel.  When  the  composition 
is  cold  and  hard,  the  barrel  is  primed  by  filling  those  holes 
with  fuze  composition,  which  is  firmly  driven  into  them  so  as 
to  leave  a little  vacancy  at  the  top  to  admit  a strand  of  quick- 
match  twice  doubled.  The  centre  hole  contains  two  strands 
at  their  whole  length,  and  every  strand  must  be  driven  home 
with  mealed  powder.  The  loose  ends  of  the  quick-malcb  being 
then  laid  within  the  barrel,  the  wbulc  is  covered  with  a dipped 
curtain,  fastened  on  with  a boop  that  slips  over  the  head  of 
the  barrel  to  which  it  is  nailed.  Tbe  barrels  should  be  made 
very  strong,  not  only  to  support  the  weight  of  tbe  composition 
before  firing,  when  they  are  moved  or  carried  from  place  to  place, 
but  to  keep  them  together  whilst  burning:  for  if  the  staves  are 
too  light  and  thin,  so  as  to  burn  very  soon,  the  remaining  compo- 
sition will  nimble  out  and  he  dissipated,  and  the  intention  of 
the  barrels  to  carry  the  llaiuc  aloft,  will  accordingly  be  frus- 


trated, The  curtain  is  a piece  of  canvass,  nearly  a yatd  in 
breadth  and  length,  thickened  with  melted  composition,  aud 
covered  with  saw-dust  on  both  sides. 

Fire  in  Chimneys,  method  of  Extinguishing.  It  is  well  known, 
that  the  inner  parts  of  chimneys  easily  take  (Ire;  the  soot  that 
kindles  thereto,  emits  a greater  flame,  according  as  the  funnel 
is  more  elevated,  because  the  current  of  air  feeds  the  fire.  If 
this  current  could  therefore  be  suppressed,  the  fire  woold  soon 
be  extinguished.  The  sorest  and  readiest  method  is,  to  Bpply 
a wet  blanket  to  the  throat  of  the  chimney,  or  over  the  whole 
front  of  the  fire-place.  If  there  happens  to  be  a chimney-board, 
or  a register,  apply  the  same  immediately;  and  having,  by  that 
means,  stopped  the  draught  of  air  from  below,  the  burning  soot 
will  be  put  out  as  completely  as  a candle  is  put  out  by  an 
extinguisher,  which  acts  exactly  upon  the  same  principle. 

Fire  Cocks.  The  churchwardens  in  London,  and  within 
the  bills  of  murlality,  are  to  fix  fire  cocks  at  proper  distances 
in  streets,  and  keep  a large  engine  and  hand-engine  for 
extinguishing  fire,  under  a penalty  of  £10.  stat.  0.  Ann.  c.  31. 

Fire  Engine,  is  the  name  commonly  given  to  a machine,  by 
which  water  is  thrown  upon  fires  in  order  to  extinguish  them. 
Various  machines  have,  at  different  times,  been  contrived  for 
this  purpose;  but  the  most  essential  particulars  in  a few  of 
them  we  can  only  here  describe.  The  usual  construction  of 
the  fire-engine,  after  the  improvements  were  made  in  it  by 
Xewsbam,  was  nearly  that  which  is  exhibited  in  the  annexed 
figure,  and  which  represents  a 
vertical  section  of  the  engine, 
which  is  in  fact  but  two  forcing 
pumps  communicating  with  a 
large  air  vessel.  Tbe  motion 
of  the  water  is  effected  by  tbe 
pressure  of  the  atmosphere, 
the  force  of  men  acting  upon 
the  extremities  H',  H",  of  a 
lever,  and  thence  giving  mo- 
tion to  the  pistons  S and  R, 
and  by  the  elasticity  of  con- 
densed air,  in  tbe  following 
manner:— When  the  piston  H 
is  raised,  a vacuum  would  be 
made  in  tbe  barrel  T U,  if  the 
t from  the  inferior  canal  E M, 
(through  the  valve  H,)  which  rises  through  the  tube  E F,  im- 
mersed in  the  water  of  a vessel  by  the  pressure  of  the  atmo- 
sphere on  its  surface.  The  water  of  the  barrel  T U,  by  the 
succeeding  depression  of  the  piston  R,  shuts  the  valve  H.  and 
is  forced,  through  the  superior  canal  O N.  to  enter  by  the  valve 
I,  into  the  air-vessel  abed;  and  tbe  like  being  done  alternately 
by  the  other  barrel  W X,  aud  its  piston  S.  the  air-vessel  is,  by 
these  means,  continually  filling  with  water,  which  compresses 
the  air  on  the  surface  of  the  water  in  that  vessel,  and  propor- 
tionally augments  its  spring  ; which  at  length  is  so  far  increased 
as  to  re-act  with  great  force  on  the  surface  Y Z of  tbo  sub- 
jacent water,  and  compel  it  to  ascend' through  the  small  tube 
ef  to  tbe  stop-cock  pp,  where  upon  turning  the  cook  p the  water 
is  suffered  to  pass  through  a pipe  A fixed  to  a ball  and  socket ; 
from  the  orifice  of  which  it  issues  with  a great  velocity,  in  a 
continued  stream,  to  a considerable  height  or  distance ; and 
it  is  usually  kept  from  diverging  too  soon  in  its  progress  by 
means  of  a long  series  of  flexible  leather  pipes,  properly 
joined  together,  and  known  among  the  firemen  by  tbe  name  of 
the  hose. 

New-sham  contrived  his  engines  in  such  a manner,  that  part 
of  the  men  who  work  them  exert  their  force  by  treading,  w hich 
is  more  effectual  than  any  other  way  that  men  can  work  at 
such  engines ; the  whole  weight  of  the  body  being  sufficiently 
thrown  on  the  forces  of  the  pumps  ; and  even  part  of  a man’s 
strength  may  be  added  to  the  weight  by  means  of  horizontal 
pieces,  to  which  he  can  apply  his  hands  when  he  is  treading; 
whereas,  by  applying  the  hands  to  move  levers  or  turn  winches, 
the  power  must  act  very  unequally.  This  is  the  reason  why 
with  the  same  number  of  men  he  has  generally  thrown  water 
further,  higher,  and  in  greater  quantities,  with  tbe  same  sized 
engines,  than  other  engineers  who  have  tried  their  engines 
against  bis.  Yet  the  combination  of  human  weight  and 
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strength  here  recommended  haft  rarely  been  practised  in  an; 
subsequent  fire-engines,  or  indeed  in  any  machines  whatever, 
except  the  ingenious  waiting  crane  of  Hardic. 

The  chief  artifice  in  the  engine  according  to  the  const motion 
just  described,  is  the  contrivance  to  produce  aceatmwa/  stream, 
which  is  done  by  the  compression  and  proportional  elasticity 
of  air  in  the  barrel  a bed,  called  the  air-vessel.  For  the  air, 
being  an  elastic  fluid,  will  be  susceptible  of  compression  in  any 
degree  by  the  water  forced  in  through  the  valves  at  !,K;  and 
since  the  force  of  the  air's  spring  will  always  be  inversely  as 
tire  space  it  possesses,  it  follows  that  when  the  air-vessel  is  half 
full  of  water,  the  air  will  be  compressed  into  half  the  space  it 
possessed  at  first,  and  therefore  Its  spring  will  be  twice  as 
great  as  at  first.  But  this  spring  at  first  was  equal  to  the 
pressure  of  the  atmosphere  on  the  same  surface ; for  if  it  were 
not,  it  could  not  have  sustained  or  resisted  the  pressure  of  the 
atmosphere  which  stood  over  it,  and  consequently  could  not 
have  filled  the  vessel  before  tbe  water  was  driven  in,  which  yet 
we  find  it  did,  and  maintained  an  equilibrium  with  the  common 
air.  The  vessel  then  being  half  filled  with  water,  or  tbe  air 
compressed  into  half  the  first  space,  its  spring  will  in  this  case 
be  equal  to  twice  the  pressure  of  the  atmosphere  ; and  there- 
fore when  the  stop-coot  at  p is  turned,  the  air  within,  pressing 
on  the  subjacent  water  with  twice  the  force  it  meets  with  from 
the  external  air  in  the  pipe  t f,  will  cause  the  water  to  spout 
out  of  tbe  engine  to  tbe  height  of  32  or  33  feet,  if  tbe  friction  Is 
not  too  great. 

When  the  air-vessel  is  two-thirds  full  of  water,  the  air  takes 
up  one-third  part,  whence  its  spring  will  be  three  times  as  great 
as  that  of  the  common  air,  and  it  w ill  project  the  water  with 
twice  the  common  atmospheric  pressure,  consequently  it  will 
rise  to  the  height  of  62  or  64  feet.  When  the  air-vessel  is  three- 
fourths  full  of  water,  the  air  will  be  compressed  ioto  its  one- 
fourth  part,  and  so  will  protrude  the  water  with  three  limes  the 
atmospheric  pressure,  and  carry  it  to  the  height  of  96  or  99 
feet. — Dr.  Gregory  » Meek. 

Various  alterations  and  improvement*  have  been  made  from 
time  to  time  in  the  construction  of  fire-engine*,  by  Bramah, 
Dickenson,  Simpkio,  Rowntree,  and  Phillips,  who  have  secured 
their  inventions  from  infringement  by  patents.  Of  Fnrst's 
engine  for  extinguishing  fires,  the  following  is  a short  descrip- 
tion : — From  a platform  rises  an  upright  pate  or  mast,  of  such 
height  as  may  be  judged  necessary  ; a gaft  slides  upon  it  in  an 
ascending  direction,  and  along  both  Is  conveyed  the  leather 
hose  from  tbe  engine.  The  branch  or  nose-pipe  of  the  engine 
projects  at  the  extremity  of  the  gaft;  towards  which  an  iron 
frame  is  fixed,  whence  two  chains  are  suspended ; and  from 
these  hang  ropes,  which  serve  to  give  an  honsontal  direction  to 
the  branch ; while  other  ropes,  that  run  through  proper  pulleys, 
and  arc  thus  conveyed  down  the  mast,  serve  likewise  to  com- 
municate a vertical  motion  to  it.  By  these  means,  the  branch 
or  nose-pipe  of  the  engine  is  conducted  into  the  window  of  any 
room  where  the  fire  more  immediately  rages  ; and  the  effect  of 
the  water  discharged  is  applied  in  the  most  efficacious  manner 
to  tbe  extinguishing  of  tbe  flames. 

A cheap  and  simple  fire-engine  is  that  invented  in  America 
by  Ben.  Dearborn,  of  which  the  following  are  the  particulars  ; 
A B and  CD,  in  the  figure,  are  the  edges  of  two  planks,  con- 
fined by  4 bolts; 
ab  ami  edf  are 
two  cylindrical 
barrels,  in  each 
of  which  a pi»- 
icb,  wiili  a valve, 
is  fastened  to 
the  spear  i,  and 
is  moved  up 
and  down  alter- 
nately by  the 
motion,  of  tbe 
arms  EE.  Be- 
neath each  bar- 
rel a hole  is 
made  through 

the  plank  A B,  which  is  covered  wit!  a valvr.  The  arms  E E 
are  suspended  on  tbe  common  centre  / ; there  are  also  anus 
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parallel  to  these  on  the  opposite  side  ; gg  arc  the  ends  of 
handles  which  are  fastened  across  the  end*  of  the  arms.  At  h 
a boll  goes  across  from  arm  to  arm,  to  which  the  piece  » h i t 
affixed,  and  on  which  it  plays:  the  lower  end  of  this  piece  is 
fastenrd  to  the  lop  of  the  spear  e.  G //  is  a standard  for  the 
purpose  of  supporting  the  anna,  to  which  there  is  a correspon- 
dent one  on  the  opposite  side  ; both  are  notched  into  the  edges 
of  the  planks,  where  they  are  secured  by  a bolt,  which  passes 
through  them  at  /,  and  has  a out  or  forc-lock  on  tbe  opposite 
side.  HI,  HI,  are  square  braces,  answering  the  purpose  o' 
ducts,  through  which  the  water  ascend*  from  the  barrels, 
passing  through  tbe  plank  at  m.  K L,  K L,  are  irons  iu  the 
form  of  a staple.  In  order  to  confine  tbe  braces:  the  lower 
ends  of  these  irons  meet,  and  are  secured  by  a bolt  passing 
through  them,  and  MN  no,  which  is  a piece  that  goes  up 
through  a mortise  in  the  centre  of  tbe  planks.  This  piece  is 
square  Trout  the  lower  end,  till  it  reaches  the  top  of  tbe  braces, 
whence  they  become  cylindrical  to  the  top,  tbe  upper  end 
being  perforated  sufficiently  low  down,  in  order  to  communicate 
with  the  braces.  O P is  an  iron  ring  that  surrounds  tbe  tube , 
and  has  two  shanks  which  ascend  through  tbe  head,  which 
screws  on  tbe  top  at  py ; rfltf  I ferule  nailed  round  the  tube. 

Tbe  annexed  figure  is  the  same  en- 
gine ; the  arms  and  standards  being 
taken  off,  in  order  to  delim-aie  more 
clearly  the  mode  of  securing  the 
braces;  an  object  which  is  com- 
pletely effected  by  a wedge  driven 
into  the  mortise  a ; beneath  the  up- 
per plank  b is  a hole  for  admitting 
a passage  to  the  bolt,  which  secures 
the  standards.  In  this  figure  a side 
view  of  the  head  is  given,  with  the 
pipe  in  a perpendicular  direction. 
The  machine  is  confined  within  a 
box,  set  on  wheels,  as  in  the  com- 
mon fire-engines.  The  whole  is 
made  of  wood,  excepting  the  spears 
of  tbe  pumps,  and  a few  bolts,  *tc. 
The  advantages  of  this  machine  arc,  that  it  can  be  made  in  any 
place  where  common  pumps  are  manufactured ; that  the 
interior  work  will  not  exceed  one-fourth  of  the  price  of  those 
which  are  constructed  on  the  usual  plan ; and  that  they  are 
incomparably  more  easy  to  work  than  the  common  ones;  cir- 
cumstances which  strongly  recommend  the  American  fire- 
engine  to  the  attention  of  tbe  public.— Gregory’ t Meehan. 

Fir v.-Ktcape,  a machine  for  removing  persons  from  the 
upper  stories  of  houses  on  fire,  consists  of  a pole,  a rope,  and 
a basket  The  pole  is  of  fir,  or  a common  scaffold  pole,  of  any 
convenient  length,  from  36  to  46  feet  The  diameter  at  bottom, 
or  greatest  end,  about  five  inches ; and  at  the  top,  or  smallest 
end,  about  three  inches.  At  three  feet  from  the  top  is  a mor- 
tise through  the  pole,  and  a pulley  fixed  to  it  of  nearly  the 
same  diameter  with  the  pole  in  that  part-  The  rope  is  about 
three-quarters  of  an  inch  diameter,  and  twice  the  length  of  (be 
pole,  with  a spring-book  at  one  end,  to  pass  through  the  ring 
m the  handle  of  the  basket  when  used : it  is  pnt  through  the 
mortise  over  the  pulley,  and  then  drawn  tight  on  each  side  to 
near  the  bottom  of  the  pole,  and  made  fast  there  till  wanted. 
The  basket  should  be  of  strong  wicker-work,  three  feet  and  a 
half  long,  two  feet  and  a half  wide,  rounded  off  at  the  corners, 
and  four  feet  deep,  rounding  every  way  at  the  bottom.  To  the 
top  of  the  basket  is  fixed  a strong  iron  curve  or  handle,  with 
an  eye  or  rin^  in  the  middle ; and  to  one  side  of  the  basket, 
near  the  top,  is  fixed  a small  cord,  or  guide-rope,  of  about  the 
length  of  the  pole.  When  the  pole  is  raised,  and  set  against  a 
house  over  the  window  from  which  any  pemons  are  to  escape, 
the  manner  of  using  it  is  so  plain  and  obvious,  that  it  need  not 
be  described.  The  most  convenient  distance  from  tbe  house 
for  the  foot  of  the  pole  to  stand,  where  practicable,  is  about  12 
or  14  feet.  If  two  strong  iron  straps,  about  three  feet  long, 
riveted  to  a bar  cross,  and  spreading  about  14  inches  at  the 
foot,  were  fixed  at  the  bottom  of  the  pole,  this  would  prevent 
in  turning  round  or  slipping  on  the  pavement:  and  if  a strong 
iron  hoop,  or  ferule,  riveted  (or  welded)  to  a semicircular  piece 
or  iron  spreading  about  12  inches,  and  pointed  at  tbe  euds, 
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wcrt!  fixed  on  nt  the  top  of  the  pole,  it  would  prrvcnl  its  l 
sliding  against  the  wall.  When  these  two  Ust-mcnlinnril  irons 
are  fixed  on,  they  give  the  pole  all  the  stradiuess  oF  a ladder;  | 
and  because  it  is  not  easy,  except  lo  persons  who  have  been 
used  to  it,  to  raise  and  set  upright  a pole  of  40  feet  nr  more  in 
icoglh,  it  will  be  convenient  to  have  two  small  poles  or  spars 
of  about  two  inches  diameter,  fixed  to  the  sides  of  the  great 
pole  at  about  two  or  three  feet  above  the  middle  of  it,  by  iron 
eyes  riveted  lo  two  plates,  so  as  to  turn  every  waj  ; the  lower 
end  of  these  spars  lo  reach  w itbin  a foot  of  the  bottom  of  the 
great  pole,  and  to  have  ferules  and  short  spikes  to  prevent 
(•tiding  on  tho  pavement,  when  used  occasionally  to  support 
the  great  pole  like  a tripod.  There  should  be  two  strong  ash 
trundles  let  through  the  pole,  one  at  four  feet  and  one  at  five 
feet  from  the  bottom,  to  stand  out  about  eight  inches  on  each 
side,  and  to  serve  as  handles,  or  to  twUt  the  rope  round  in 
lowering  a very  heavy  weight.  If  a block  and  pulley  were 
fixed  at  about  the  middle  of  the  rope,  above  the  other  pulley, 
and  the  other  part  of  the  rope  made  to  run  double,  it  would 
diminish  any  weight  in  the  basket  nearly  one-half,  and  be  very 
useful  in  drawing  any  person  up  to  the  assistance  of  those  in 
the  chambers,  or  for  removing  any  effects  out  of  a chamber, 
which  it  might  be  dangerous  to  attempt  by  the  stairs. 

It  has  been  proved,  by  repeated  trials,  that  such  a pole  ns 
we  have  been  speaking  of  can  be  raised  from  the  ground,  and 
two  or  three  persons  taken  out  of  the  upper  windows  of  a 
house,  and  set  down  safely  in  the  street,  in  the  space  of  35 
seconds,  or  a little  more  than  half  a minnte.  Sick  and  infirm 
persons,  women,  children,  and  many  others,  who  cannot  make 
use  of  a ladder,  may  be  safely  and  easily  brought  down  from 
any  of  the  windows  of  the  house  on  fire  by  this  machine,  and 
by  putting  a short  pole  through  the  bandies  of  the  basket,  may 
be  removed  to  any  distance  without  being  taken  out  of  the 
basket.  The  pole  must  always  have  the  rope  ready  fixed  to  it, 
and  may  be  conveniently  laid  up  upon  two  or  three  iron  hooks 
under  any  shade  or  gateway,  and  the  basket  should  be  kept  at 
the  watch-house  When  the  pole  is  laid  up,  the  two  spars 
should  always  be  turned  towards  the  head  of  it.  The  basket 
should  be  made  of  peeled  rods,  and  the  pole  and  spars  painted 
of  a light  stone-colour,  to  render  it  more  visible  when  used  in 
the  night. 

The  fire-escape,  exhibited  in  figure  A has  the  advantages  of 
expedition  and  security.  It  consists  of  a long  canvass  cradle, 
attached  to 
species  of  I 
der  work, 

■nlik«  the  shn 
of  a ship,  i 
yet  so 
ns  to  occupy 
a small  spac 
the  buffcttc 
lh«  «ri«low,  w 

it  can  be  ps 
cd  up  in  a c 
of  wood,  wl 
may  rep  res 
any  piece 
furniture.  ' 

whole  is  very  securely  fixed  inside  of  the  window-sill,  and  on 
an  alarm  of  fire  being  given,  the  lowering  end  may  be  thrown 
out  into  the  street,  where  it  will  soon  be  laid  hold  of  by  some 
persons,  and  brought  into  the  slide  or  declivity  shewn  in  the 
figure.  A child  may  then  be  dropped  into  the  cradle  or 
channel,  and  will  slide  into  the  arms  of  a person  below,  with- 
out any  injury,  or  risk  of  any.  This  article  is  manufactured 
by  H.  Rogers,  10,  king-street.  West  Smithfield. 

/><r vis’s  Fine  Escape.  This  fire-escape  is  calculated  for  the 
use  of  a parish,  ami  Is  admirably  adapted  to  the  very  important 
end  the  inventor  of  it  proposed  to  accomplish,  it  principally 
consists  of  three  Udders,  A,  B,  C,  as  in  the  following  figure, 
applied  to  each  other  by  four  clasp-irons  on  the  top  of  each  of 
the  two  lowermost,  which  are  so  contrived,  that  each  ladder 
may  slide  into  the  one  beneath  it.  On  the  top  of  the  lower- 
most Udder  A,  two  pulle>s  are  fixed  on  the  inside,  over  which 
two  ropes  a a pass,  and  are  situated  between  the  low  er  one  A, 


and  the  middle  one  B.  The  ropes  arc  ir.ado  fast  to  tbe  bottom 
of  the  middle  one,  on  each  side,  in  a proper  direction  with  tho 
pulle  t a on  the  top.  The  uppermost  ladder  C,  is  attached  lo 
the  middle  one  in  the  same  manner,  and  on  the  top  of  it  carries 
two  horn  pieces  D,  made  of  iron,  and  turned  oil  at  each  end, 

similar  to  2 horns, 
which  aro  four  feet 
wide ; their  ends 
arc  sharp,  to  pitch 
on  each  side  of  a 
window,  and  with 
their  points  to  hold 
the  ladders  steady. 
The  three  ladders, 
when  shut  down, 
arc  about  15  feet  in 
height.  They  are 
placed  perpendi- 
cularly in  the  mid- 
dle of  a framed  car- 
riage E F,  of !)  feet 
C inches  long,  and 
6 feet  6 inches  wide, 
mounted  upon  four 
wheels,  F.  On  each 
side  of  the  carriage 
n windlass  is  af- 
fixed ; that  marked 
0,  on  the  right  side 
of  the  carriage,  is 
fur  the  four  ropes, 
a «,  and  6 b,  fixed 
two  to  each  ladder 
A B.  By  turning 
this  windlass,  the 
ladders  may  be 
wound  out  from  their  standing  height  of  fifteen  feet,  to  forty. 
Over  this  windlass  is  a screw,  turned  by  the  winch  d,  by  turning 
which  (lie  ladders  may  be  inclined  against  the  house,  with  all 
imaginable  ease.  On  the  top  of  the  upper  ladder  €,  on  (be 
outside,  are  two  pulleys,  over  which  two  chains  are  conducted 
to  the  windlass  H,  on  the  left  side,  for  the  purpose  of  carrying 
up  a box  I.  Two  boxes  of  this  description  travel  with  the  fire- 
escape,  so  that  in  the  event  of  one  Wing  filled  with  small 
valuables,  it  maybe  unhooked,  and  the  other, K, put  on, which 
will  save  time.  The  whole  of  this  apparatus  may  be  drawn  by 
one  horse,  or  six  tnen,  and  when  arrived  at  the  scene  of  danger, 
may  he  adjusted  in  two  minutes.  If  every  parish  were  provided 
with  it,  and  kept  it  where  it  might  be  brought  out  without 
delay,  there  cannot  be  a doubt,  that  many  of  the  serious  acci- 
dents occasioned  by  fires  would  be  prevented.  The  key  of 
access  to  the  machine  should  be  kept  at  some  well-known 
place,  and  the  machine  should  be  broaghtout  at  the  first  alarm 
of  fire,  as  it  offers  Hie  ready  means  of  either  ascent  or  descent, 
and  possesses  great  superiority  over  any  common  or  parish 
ladder,  which  is  useless,  or  next  to  useless,  unless  it  acciden- 
tally happens  to  be  of  the  right  height, 

A method  equal  to  the  foregoing,  as  far  as  facility  of  escape 
is  concerned,  may  be  adopted  by  framing  two  sides  of  a ladder 
similar  to  a fishing  rod  ; tbe  whole  consisting  of  an  indefinite 
number  of  pieces  of  light  tough  wood,  to  fitted  as  to  screw  (he 
end  of  one  into  the  soeket  of  the  other.  The  opper  end  pieces 
having  hooks  6xcd  on  them,  will  enable  the  inmates  to  fix  the 
ladder  in  the  sill  of  a window,  and  tbe  lower  end  may  be  kept 
steady  by  persons  below,  and  free  from  tbe  danger.  But  after 
all  the  methods  that  might  be  given,  the  misfortune  is,  that  in 
the  greater  number  of  such  calamities,  escape  has  seldom  been 
effected  by  such  artificial  means. 

Fire-/7im,  a species  of  flies  common  In  America,  of  whi eh 
thcie  are  two  species.  The  largest  is  more  than  an  inch  in 
lengih,  it  has  twu  feelers,  two  wings,  and  six  legs.  Under  its 
belly  is  a circular  patch,  which,  in  the  dark,  shines  like  a can- 
die  ; and  on  each  side  of  tbe  head,  ocar  the  eyes,  is  a promi- 
nent, globular,  luminous  body,  in  size  about  one-third  larger 
than  a mustard  seed.  Each  of  these  bodies  is  like  a living 
star,  emitting  a bright,  and  not  small  light , since  two  or  three 
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of  these  animals,  pot  into  a glass  vessel,  afford  a light  sufii-  duccd.  On  each  side  of  the  bulk-head  behind,  is  ent  a hole  of 
cieol  to  read  by  without  difficulty,  if  placed  close  to  the  book,  sufficient  size  to  admit  a trough  of  the  same  dimensions  as  the 
When  the  fly  is  dead,  these  bodies  will  still  afford  considerable  others.  A leading  trough,  whose  foremost  end  communicates 
light,  though  less  vivid  than  before  ; and  if  bruised,  and  rubbed  with  another  trough  within  the  fire-room,  is  laid  close  to  this 
over  the  bauds  or  face,  they  become  luminous  in  the  dark,  like  opening,  from  whence  it  extends  obliquely  to  a sally-port  cut 
a board  smeared  over  with  English  phosphorus.  The  other  in  the  ship's  side.  The  decks  and  troughs  arc  well  covered 
kind  is  not  more  than  half  as  large  as  the  former:  their  light  with  melted  rosin.  At  the  time  of  firing  either  of  the  leading 
proceeds  from  under  their  wings,  and  is  seen  only  when  they  troughs,  the  flame  is  immediately  conveyed  to  the  opposite 
are  elevated,  like  sparks  of  fire,  appearing  or  disappearing  at  side  of  the  ship,  whereby  both  sides  burn  together, 
every  second.  The  lieutenant’s  cabin  is  on  the  starboard-side,  and  the 

FiRF.-F/arr.  Economical  fire-places  should  he  constructed  master’s  cabin  on  the  larboard;  the  captain’s  cabin  is  sepa- 
on  the  following  principles:  1.  To  place  the  grate  as  near  the  rated  from  these  by  the  bulk-head.  The  stores  for  a fire-ship 
floor  as  may  be.  2.  To  bring  it  as  forward  as  may  be,  con-  of  150  tons  are — 

sistrntly  with  the  proper  situation  of  the  flue  of  the  chimney,  8 Fire-barrels.  i 1 Quick-match  barrel, 

which  ought  to  be  directly  over  the  fire,  and  not  larger  than  12  Iron  chambers  ; 30  Dipped  curtains, 

sufficient  to  give  free  passage  at  all  times  to  the  smoke.  3 The  209  Uavins,  single  dipped.  150  Long  reeds,  single  dipped, 

mantle-piece  should  be  as  low  as  possible,  without  suffering  24  Port-fires.  75  Short  reeds,  single  dipped, 

from  the  heat,  or  obstructing  the  proper  radiation  of  it  into  the  31  Priming  composition  bar-  75  Short  reeds,  double  dipped, 

room.  By  these  means,  a much  greater  volume  of  beated  air  rcls.  _ 60  Hand  grenadoes. 

is  retained  in  a room  of  equal  size,  than  by  high  grates  and  The  quantity  of  composition  for  preparing  the  stores  of  a 
large  openings.  fire-ship  is  exhibited  in  the  following  statement: 

Flue  Ship,  a vessel  filled  with  combustible  materials,  and  For  8 barrels. — Corn-powder,  960lbs. ; pitch,  480 ; tallow,  80. 
filled  with  grappling-irons,  to  hook  and  set  fire  to  the  enemy’s  For  3)  barrels,  priming  composition. — Saltpetre,  I75lbs. ; 
ships.  Some  English  vessels,  filled  with  combustible  matter,  sulphur,  HO;  coro-powdcr,  350;  rosin,  21 ; oil,  1 1 pts. 
and  sent  among  the  Spanish  ships  composing  the  Invincible  For  the  curtains,  bavins,  and  reeds  for  the  ship,  and  sulphur 
Armada,  in  1688,  arc  said  to  have  given  rise  to  the  terrible  for  salting  them. — Sulphur,  200  lbs. ; pitch,  350;  rosin,  176; 

invention  of  fire-ships.  However,  Livy  informs  us,  that  the  tallow,  50;  tar,  25. 

Rhodians  had  invented  a kind  of  fire-ships,  which  were  used  in  Total.— Saltpetre,  176  lbs. ; sulphur,  340  lbs. ; corn-powder, 

junction  with  the  Roman  fleet  in  their  engagements  with  the  13101b*. : pitch,  830 lbs. ; rosin,  196!bs.;  tallow,  130lbs. ; tar, 
Sjrians,  in  the  year  before  Christ  190.  Cauldrons  of  comlius-  26  lbs.;  oil,  II  pts. 

tiblc  and  burning  materials  were  hung  out  at  their  prows,  so  For  reeds  for  the  barrels,  ICO  lbs.  being  one-fifth  of  the  whole 
that  none  of  the  enemy’s  ships  durst  approach  them  ; these  fell  of  the  last  article. 

on  the  enemy’s  galleys,  stuck  their  beaks  into  them,  and  at  The  reeds  arc  made  up  iu  small  bundles  of  about  a foot  in 
the  same  time  set  them  on  fire.  As  there  is  nothing  peculiar  circumference,  cut  even  at  both  ends,  and  tied  together  in  two 
in  the  construction  of  a modern  fire-ship,  except  the  apparatus  places.  They  arc  distinguished  into  two  kinds,  cir.  the  long 
by  which  the  fire  is  instantly  conveyed  from  one  part  to  and  short;  the  former  of  which  arc  four  feet,  and  the  latter  two 
another,  and  from  thence  to  the  enemy,  it  will  be  sufficient  to  feet  five  inches  in  length.  One  part  of  them  arc  singly  dipped, 
describe  the  fire-room  in  which  the  combustibles  are  enclosed,  i- r.  at  odc  end;  the  rest  are  dipped  at  both  ends  in  a kettle  of 
together  with  the  instruments  necessary  to  grapple  the  ship  melted  composition,  and  being  immersed  about  seven  or  eight 
intended  to  be  destroyed.  inches  in  this  preparation  and  then  drained,  they  are  sprinkled 

The  fire-room  is  built  between  decks,  and  extends  from  the  over  with  pulverized  sulphur  upon  a tanned  hide, 
bulk-head  at  the  forecastle  to  a bulk-head  raised  behind  the  The  bavins  arc  mado  of  birch,  heath,  or  other  brushwood, 

main  mast.  The  train  enclosed  in  this  apartment  is  contained  which  is  lough  and  readily  kindled.  They  are  usually  two  or 

in  a number  of  wooden  troughs,  which  intersect  each  other  in  three  feet  in  length,  and  have  all  their  hushuays  lying  one  way, 
different  parts  of  the  ship's  length,  being  supported  at  proper  the  other  ends  being  tied  together  with  small  cords.  They  arc 
distances  by  cross-pieces  and  stanchions.  On  each  side  of  dipped  in  composition  at  the  bush  ends,  whose  branches  are 
the  ship  arc  six  or  seven  ports  about  eighteen  inches  broad,  afterwards  confined  by  the  hand,  to  prevent  them  from  break- 
and  fifteen  inches  high,  and  having  their  lids  to  open  down-  ing  off  by  moving  about ; and  also  to  make  them  burn  more 
ward,  contrary  to  the  usual  method.  Against  every  port  is  fiercely.  After  being  dipped  in  the  same  manner  as  the  reeds, 
placed  an  iron  chamber.  These  iron  chambers  arc  ten  inches  they  are  also  sprinkled  with  sulphur. 

Jong  and  | in  diameter.  They  are  breeched  against  a piece  Quick-match  is  formed  of  three  strands,  drawn  into  length, 
of  wood  fixed  across  the  ports,  and  let  into  another  a little  and  dipped  into  a boiling  composition  of  wliitc-wine- vinegar, 
higher.  When  loaded,  they  are  almost  filled  with  cornpowder,  saltpetre,  and  meal  or  corn  powder.  After  this  immersion  it  is 
and  have  a wooden  tompion  well  driven  into  their  muzzles,  taken  out  hot  and  laid  in  n trough,  where  some  mealed  pow- 
Thcy  arc  primed  with  a small  piece  of  quick-match  thrust  der,  moistened  with  spirits  of  wine,  is  thoroughly  incorporated 
through  their  vents  into  the  powder,  with  a part  of  it  hanging  with  the  twists  of  the  cotton,  by  rolling  it  about  therein.  Thus 
out.  When  the  ports  are  blown  open  by  means  of  the  iron  prepared  they  are  taken  separately  and  drawn  through  mealed 
chambers,  the  port-lids  either  fall  downwards,  or  are  carried  powder,  then  hung  upon  a line  till  dried,  by  which  they  arc  fit 
away  by  the  explosion.  At  the  lime  of  firing  the  ship,  the  tor  immediate  service. 

iron  chamber  blows  out  the  port-lid,  and  opens  a passage  for  Port-fires  are  frequently  used  by  the  artillery-men  in  pre- 
tbc  flame.  Immediately  under  the  main  and  fore-shrouds  is  ference  to  matches,  to  set  fire  to  tho  powder  or  composition, 
fixed  a wooden  funnel,  whose  lower  end  communicates  with  a They  are  distinguished  into  wet  and  dry  port-fires.  The  com- 
fi re-barrel,  (tee  the  article  Fiae-iMRazLS,)  by  which  the  flame  position  of  the  former  is  saltpetre  four,  sulphur  one,  and  mealed 
passing  through  the  funnel  is  conducted  to  the  shrouds,  powder  four.  When  these  materials  are  thoroughly  mixed 
Between  the  funnels,  which  are  likewise  called  fire-trunks,  are  and  sifted,  the  whole  is  to  be  moistened  with  a little  linseed 
two  scuttles,  or  small  holes,  in  the  upper  deck,  serving  also  to  oil,  and  rubbed  between  the  hands  till  tho  oil  is  imbibed  by 
let  out  the  flames.  Both  funnels  must  be  stopped  with  plugs,  the  composition.  The  preparation  for  dry  port-fires  is  salt- 
and  have  sail-cloth  or  canvass  nailed  close  over  them,  to  prevent  petre  four,  sulphur  one,  mealed  powder  two,  and  antimony 
am  accident  happening  from  above  to  the  combustibles  laid  one.  These  compositions  are  driven  into  small  paper  cases, 
below.  The  port9,  funnels,  and  scuttles,  not  only  communicate  to  be  used  whenever  necessary. 

the  flames  to  the  outside  and  upper-works  of  the  ship,  and  her  Four  of  the  eight  fire  barrels  (according  to  the  stores  rocn- 
riggiap,  hut  likewise  open  a passage  for  the  inward  air  con-  i tinned  above  for  a fire-ship  of  ISO  tons)  are  placed  under  the 
fined  in  the  fire-room,  which  is  thereby  expanded  so  as  to  . four  fire-trunks,  and  the  other  four  between  them,  two  on  each 
force  impetuously  through  those  outlets,  and  prevent  the  blow-  ! side  of  the  firc-scuttlcs,  where  they  arc  securely  cieated  to  the 
ing  up  of  the  decks,  which  must  of  necessity  happen  from  such  ! deck.  The  longest  reeds  are  put  into  the  fore  and  aft  troughs 
sudden  and  violent  refraction  of  the  air  as  will  then  be  pro-  ‘ and  tied  down ; the  sltoriest  reeds  are  laid  in  the  troughs 
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athwart,  and  tied  down  also.  The  having,  dipped  at  one  end. 
me  tied  fast  to  the  troughs  over  the  reeds,  and  the  curtains 
are  nailed  up  to  the  beams  in  equal  quantities  on  each  side  of 
the  fire  room.  The  remainder  of  the  reeds  are  placed  in  a 
position  nearly  upright,  at  all  the  angles  of  every  square  in  the 
tire-room,  and  there  laid  down.  If  any  reeds  are  left,  they  are 
to  he  put  round  the  fire-barrcLs  and  other  vacant  places,  and 
there  tied  fast. 

Instructions  to  Prime.— Take  up  all  your  reeds,  one  after 
another,  and  strew  a little  composition  at  the  bottom  of  all  the 
troughs  under  the  reeds,  and  then  tie  them  gently  down  again: 
next  strew  composition  upon  the  upper  part  of  the  reeds 
throughout  the  tire-room,  and  upon  the  said  composition  lay 
doable  quick-matcb  upon  all  the  reeds  in  all  the  troughs : the 
remainder  of  the  composition  strew  over  all  the  fire-room,  and 
then  lay  your  bavins  loose. 

Cast  off  all  the  covers  of  the  fire-barrels,  and  hang  the  quick- 
match  loose  over  their  sides,  and  place  leaders  of  quick- match 
from  the  ends  into  the  barrels,  and  from  thence  into  the  vent 
of  the  chambers  in  such  a manner  as  to  be  certain  of  their 
blowing  open  their  ports,  and  setting  fire  to  the  barrels.  Two 
troughs  of  communication  from  each  door  of  the  fire-room  to 
the  sally-ports,  must  be  laid  with  a strong  leader  ofqnick- 
matcb  four  or  five  times  doable ; also  a cross  piece  to  go  from 
the  sally-port,  when  the  ship  Is  fixed,  to  the  communication- 
trough,  laid  with  leaders  of  quick-matcb.  that  the  fire  may  be 
communicated  to  both  sides  at  once.  What  quick-match  is 
left,  place  so  that  the  fire  may  be  communicated  to  all  parts  of 
the  room  at  once,  especially  about  the  ports  and  fire-barrels, 
and  see  that  the  chambers  are  well  and  fresh  primed. 

The  port- fires  used  for  firing  the  ship,  burn  about  twelve 
minutes ; great  care  must  therefore  be  taken  to  have  no  pow- 
der on  board  when  the  ship  is  fired. 

The  sheer-hooks  are  fitted  so  as  to  fasten  oa  the  yard-arms 
of  the  fire-ship,  where  they  book  the  enemy's  rigging.  The 
fire-rrapplings  are  either  fixed  on  the  yard-arms  or  thrown  by 
hand,  having  a chain  to  confine  the  ships  together,  or  fasten 
those  instruments  which  are  necessary. 

When  the  commanding  officer  of  a fleet  displays  the  signal 
to  prepare  for  action,  the  fire-ships  fix  their  sneer- hooks,  and 
dispose  their  grapplings  in  readiness.  The  battle  being  began, 
they  proceed  immediately  to  prime  and  prepare  their  fire- 
works. When  they  arc  ready  for  grappling,  they  inform  the 
admiral  thereof  by  a particular  signal. 

To  avoid  being  disabled  by  the  enemy's  cannon  daring  a 
general  engagement,  the  fire-ships  continue  sufficiently  dis- 
tant from  their  line  of  battle,  either  to  windward  or  to  lee- 
ward. They  cautiously  shon  the  openings  or  intervals  of  the 
line  where  they  would  be  directly  exposed  to  the  enemy's  fire, 
from  which  they  are  covered  by  lying  on  the  opposite  side  of 
their  own  ships.  They  are  attentively  to  observe  the  signals 
of  the  admiral  or  his  seconds,  in  order  to  pat  their  designs  im- 
mediately in  execution.  Although  no  ship  of  the  line  should 
be  previously  appointed  to  protect  any  fire-ship  except  a few 
of  the  smallest  particularly  destined  to  this  service,  yet  the 
ship  before  whom  she  passes  in  order  to  approach  the  enemy, 
should  escort  her  thither,  and  assist  her  with  an  armed  boat,  or 
whatever  succour  may  be  necessary  in  her  situation. 

The  captain  of  the  Are-ship  should  himself  be  particularly 
attentive  that  the  above  instructions  are  punctually  executed, 
and  that  the  yards  may  be  so  braced,  when  be  falls  alongside 
the  ship  intended  to  he  destroyed,  that  the  sheer-hooks  and 
grapplings  fastened  to  the  yard-arms,  Ac.  may  effectually  book 
the  enemy.  He  is  expected  to  be  the  last  person  who  quits 
the  vessrl.  and  being  furnished  with  every  necessary  assist- 
ance and  support,  his  reputation  will  greatly  depend  on  the 
success  of  his  entcrprizc. 

Fine,  Wild,  a factitious  fire,  which  barns  even  tinder  water. 
It  is  composed  of  sulphur,  pitch,  nitre,  and  various  other  com- 
bustible materials  : and  is  very  hard  to  extinguish.  Chemistry, 
however,  has  supplied  a still  more  destructive  kind  of  wild-fire, 
io  the  union  of  nitrous  acid  with  oil  of  turpentine.  These  two 
liquids,  separately,  are  perfectly  cold ; but  when  suddenly 
mixed,  produce  a flame  not  easily  extinguished. 

To  make  Artificial  Fire-works. — Artificial  fire-works  are  of 
two  kinds,  those  made  of  gunpowder,  nitre,  and  other  inflam- 


mable substances  and  filings  of  the  metals,  camphor.  See.  and 
those  produced  by  hydrogen  or  inflammable  air.  Those  made 
with  gunpowder  are  well  known,  and  arc  called  rockets,  fire- 
wheels,  tonrbillons,  &r.  Of  these,  the  most  usual  are  rockets ; 
which  are  made  by  ramming  into  strong  cylindrical  paper 
eases  put  into  wooden  moulds,  like  small  hollow  columns,  . 
powdered  gunpowder,  or  the  ingredients  of  which  it  is  com- 
posed, saltpetre,  sulphur,  and  charcoal,  very  dry.  To 
represent  a fiery  rain  falling  from  the  rocket,  mix  among  yonr 
charge  a composition  of  powdered  glass,  filings  of  iron,  and 
saw-dust : this  shower  is  called  the  peacock's  tail,  on  account 
of  the  various  colours  exhibited.  Camphor  mixed  with  the 
charge,  produces  white  or  pale  fire ; resin  a reddish  colour, 
sulphur  a bine,  sal  ammoniac  a green,  antimony  a reddish  yel- 
low, ivory  shavings  a silvery  white,  pitch  a deep  or  dark 
coloured  fire,  and  steel  filings,  beautiful  coruscations  and 
sparks.  Sticks  are  fastened  to  the  rockets,  by  which  they  are 
projected  into  the  air,  after  they  have  been  lighted  : the  charge 
burning  with  great  intensity  at  one  end,  acts  upon  the  afr, 
which,  in  its  turn,  re-acts  upon  the  rocket,  and  causes  it  to 
ascend,  on  the  same  principle  ss  a boat  is  pot  off  by  a man  in 
it,  who  poshes  against  the  shore  with  a boat-hook.  Fire- works 
by  means  of  inflammable  air  are  the  most  elegant;  and  being 
free  from  smell  or  smoke,  may  be  exhibited  in  a room  without 
any  disagreeable  effect. 

FIRING,  in  the  Military  art,  denotes  the  discharge  of  small 
arms  by  platoons,  standing,  advancing,  or  retreating;  or  in 
oblique  or  hedge  firing.  Platoons  fire  from  the  right  and  left 
alternately,  except  the  centre  platoon  of  the  regiment,  which 
being  in  charge  of  the  colours,  remains  loaded.  Hedge  firing 
is  by  two  deep  ; oblique  is  either  to  the  right  or  left,  according 
to  the  situation  of  the  object.  Parapet  and  banquette  firing 
depend  on  various  circumstances— the  position  of  the  enemy. 
Square  firing  is  performed  in  hollow  square,  when  each  front 
is  divided  into  four  divisions,  and  the  flanks  of  the  square 
being  the  weakest,  are  covered  by  four  platoons  of  grenadiers. 

FIRKIN,  an  English  measure  of  capacity,  for  things  liquid, 
being  the  fourth-part  of  the  barrel.  It  contains  eight  gallons 
of  ale,  soap  or  herrings,  in  weight  50lbs. ; and  nine  of  beer. 

FIRLOT,  a dry  measure  used  in  Scotland,  containing  21$ 
pints  of  that  country ; the  barley  firlot  has,  however,  31 
standard  pints  in  it.  The  wheat  firlot  contains  2211  cubic 
inches  ; the  English  bushel  2178  cubical  inches.  The  Scotch 
wheat  firlot  is,  therefore,  33  cubical  inches  larger  than  the 
English  bushel. 

FIRM \M  ENT  ('firma  men  turn,  Latin).  This  word  has  been 
used  with  great  latitude,  as  well  by  the  sacred  writers,  as  by 
poets  and  astronomers.  Some  old  astronomers  consider  the 
orb  of  the  fixed  stars  as  the  firmament ; but  in  Scripture,  and 
in  common  language,  it  is  used  for  the  middle  regions,  or  tho 
space  or  expanse  appearing  like  an  immense  concave  hemi- 
sphere. Many  astronomers,  both  ancient  and  modern,  ac- 
counted the  firmament  a fluid  matter;  but  those  who  gave  it 
the  name  of  firmament  must  have  considered  it  as  a solid. 

FIRMNESS,  in  Philosophy,  denotes  the  consistence  of  a 
body,  or  that  slate  wherein  its  sensible  parts  cohere,  or  aro 
united  together,  so  that  a motion  of  one  part  induces  a motion 
of  the  rest.  In  which  sense  firmness  stands  opposed  to 
fluidity.  See  Cohesion. 

FIRST  Frlits,  in  the  church  of  England,  are  the  profits  of 
every  spiritual  benefice  for  the  first  year,  according  to  the 
valuation  thereof  in  the  king's  books. 

FISC,  in  Civil  Law.  the  treasury  of  a prince  or  slate,  or  (hat 
to  which  all  things  due  to  the  pnblio  do  fall.  Henoe,  the 
Fiscal  is  the  officer  who  has  charge  of  the  said  treasury. 

FISH,  a machine  employed  to  hoist  and  draw  up  the  flukes 
of  a ship's  anchor  towards  the  top  of  the  bow,  in  order  to 
stow  it  after  it  has  been  catted;  it  is  composed  of  four  parts, 
eix.  the  pendant,  tho  block,  the  hook,  and  the  tackle,  which, 
with  their  uses,  are  described  under  the  article  Davit. 

Fish,  is  also  a long  piece  of  timber,  convex  on  one  side  and 
concave  on  the  other,  used  to  strengthen  the  lower  raajts,  or 
the  yards  when  they  are  sprung,  or  have  received  some  dam- 
age in  battle,  or  ia  tempestuous  weather,  Ac.  to  effect  which 
they  are  well  secured  by  stont  rope  called  woolding. 

Fish  Gig,  an  instrument  nsed  to  strike  fish  at  sea ; it  ooa- 
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•iats  of  a staff  with  three,  four,  or  more  barbed  prongs  of  itect, 
and  a line  fastened  to  the  end  on  which  the  prongs  are  fixed: 
to  the  other  end  is  fitted  a piece  of  lead,  which  gives  additional 
force  to  the  stroke,  and  causes  the  points  to  torn  upwards  after 
the  fish  is  penetrated. 

Fish  Room,  a space  between  the  after-hold  and  the  spirit- 
room. 

FISHERY,  a place  where  great  numbers  of  fish  are  caught, 
as  salmon  in  the  lochs  of  Scotland,  herrings  among  the  Hebrides. 
pilchards  along  the  coast  of  Cornwall,  cod  on  tbe  banks  of  j 
Newfoundland,  and  wholes  in  Greenland.  Free  Fishery,  in  j 
Law,  is  a royal  franchise— an  exclusive  right  of  fishing  in  a j 
public  river ; though  some  have  considered  this  fret  fishing  I 
not  as  a royal  grant.  Fishery  denotes  also  the  commerce  of  j 
fish,  more  particularly  the  catching  of  them  for  sale.  To  1 
encourage  the  herring  fisheries  among  the  Hebrides,  from  the 
time  of  James  V.  of  Scotland  till  the  year  1825,  both  the 
Scots  and  Eoglish  governments  protected,  patronized,  and  even 
allowed  bounties  to  the  herring  fishers  of  these  kingdoms; 
but  these  bounties  are  now  withdrawn,  because  there  is  ample 
capital,  and  a sufficient  spirit  of  competition  to  continue  them 
as  private  sources  of  emolument,  without  the  attention  of  his 
majesty's  ministers.  (W  Fishery,  on  tbe  banks  of  Newfound- 
land, is  of  two  kinds  ; the  one  green  or  white  cod,  and  the 
other  dried  or  cured  cod— each  being  tbe  same  species  of  fish, 
only  differently  cured  and  prepared  for  the  market.  The 
former  are  salted  in  barrels  for  use ; the  latter  salted,  and  then 
dried  in  tbo  sun,  and  smoked.  The  best  season  is.  from  the 
beginning  of  February  to  the  end  of  April.  The  rocs  and 
tongues  of  cod  fish  are  preserved  separately,  and  the  livers 
melted  into  oil. 

The  Lobster  Fishery,  along  tbe  British  channel,  and  on  the 
coast  of  Norway,  whence  this  sited  fish  are  brought  to  London 
for  sale  ; also  in  the  Frith  of  Edinburgh,  and  on  the  coast  of 
Northumberland.  By  law,  no  lobster  is  to  be  taken  under 
8 inches  long,  from  tbe  peak  of  the  nose  to  the  end  of  the  mid- 
dle fin  of  tbe  tail ; nor  dare  the  fishermen  take  any  on  tbe  coast 
of  Scotland  from  the  1st  of  June  to  the  1st  of  September,  by 
OGeo.  II.  cap.  33. 

Mackerel  Fishery,  on  the  French  and  English  coasts,  is 
usually  from  April  to  August,  and  the  fish  are  taken  with  the 
line,  or  by  means  of  nets. 

Tbe  mackerel  fishery  is  an  object  of  great  commercial  im- 
portance to  the  inhabitants  of  most  of  the  countries  on  tbe 
shores  of  which  these  fish  abound.  During  the  summer  season 
they  approach  oar  coasts  in  immense  shoals,  and  are  generally 
caught  in  what  are  called  seine  nets.  From  June  to  August 
many  of  our  markets  arc  supplied  with  them,  but  as  they 
become  putrid  sooner  than  most  other  fish,  they  cannot  be 
carried  to  any  great  distance,  nor  be  kept  for  any  great  length 
of  time.  On  this  account  it  is  that  they  arc  allowed  to  be  sold 
in  the  streets  of  London  on  Sundays,  and  in  Catholic  countries 
ou  Sundays  and  festivals.  When  quite  fresh,  mackerel  are  an 
excellesl  fish  for  the  table,  and  are  in  best  season  from  May  to 
July.  Both  in  Ital^y  and  in  England  they  are  often  pickled 
with  vinegar  and  spices,  and  sometimes  with  bay  leaves  inter- 
mixed. By  the  inhabitants  of  many  parts  of  tbe  north  of 
Europe  they  are  salted ; and  in  this  state  constitute  a cheap 
and  very  important  article  of  subsistence.  In  Scotland  they 
ore  frequently  cured  in  the  same  manner  as  herrings. 

The  Oyster  Fishery,  at  Colchester,  in  Essex,  Milton  and 
Fcvcrsham  in  Kent,  the  Isle  of  Wight,  the  swales  of  the  Med- 
way, and  Tenby  on  tbe  coast  of  Wales,  is  carried  on  from 
September  till  May.  The  best  oysters  are  of  a middle  size  ; 
they  are  dragged  up  by  a net,  (with  an  iron  scraper  at  the 
mouth.)  which  is  dragged  by  a rope  from  a boat  over  the 
beds : and  then  stored  in  large  pits  formed  for  the  purpose, 
and  furnished  with  sluices,  through  which  at  spring  tides  the 
salt  water  is  suffered  to  flow.  In  these  pits  they  acquire  their 
full  quality,  and  become  fit  for  the  table  in  six  or  eight  weeks. 
The  most  delicious  oysters  are  considered  to  be  those  which 
•re  fattened  in  the  salt-water  creeks  near  Milton  and  Colches- 
ter. Oysters  arc  out  of  season  during  the  summer  time,  the 
period  at  which  they  deposit  their  spawn,  and  which  commences 
in  the  month  of  April.  Each  spawn  has  the  appearance  of  a 
u'lop  of  eandlc  grease,  and  adheres  to  rocks,  stones,  or  other 

3J. 


substances  on  whieh  it  happens  to  be  deposited.  In  some 
oyster  beds  old  shells,  pieces  of  wood, fee.  under  the  denomina- 
tion of  cult  eh,  are  purposely  thrown  in  to  receive  the  spawn. 
From  these,  in  the  month  of  May,  the  oyster  fishers  are  allowed 
to  separate  the  spawn  for  the  purpose  of  transferring  it  to 
other  beds  ; bat  they  are  required,  under  certain  penalties,  to 
throw  the  cuitch  in  again,  that  the  beds  may  be  preserved  for 
the  future;  unless  the  spawn  should  be  so  small  as  not  with 
safety  to  be  separable  from  the  cuitch.  Oysters  arc  considered 
to  be  first  fit  for  the  table  when  about  a year  and  half  old  ; and 
they  arc  among  the  few  animals  which  in  Europe  arc  not  merely 
eaten  raw,  hut  even  in  a living  state.  Oy  sters  are  also  eaten 
cooked  in  various  wavs,  as  sauce  to  different  kinds  of  fish, 
and  pickled.  Tbe  shells,  like  those  of  other  testaceous  animals, 
consist  of  calcareous  earth  in  combination  with  animal  glue  ; 
and  by  calcination,  they  yield  a pure  kind  of  quick  lime.  1 i 
ibis  state  they  are  not  only  useful  as  lime,  but  are  also  fre- 
quently employed  by  stationers  and  attorneys  as  pounce  f*»r 
rubbing  upon  parchment  previously  to  ita  being  written  upon. 

The  Pilchard  Fishery,  on  the  coasts  of  Cornwall  and  Devon- 
shire,  from  June  to  September  ; and  on  the  coast  of  Bretagne 
in  France,  and  the  coast  of  Dalmatia,  is  a very  lucrative  con- 
cern, from  the  great  abundance  of  these  fish  that  arc  taken. 

The  Salmon  Fishery,  in  the  Tweed,  the  Clyde,  the  Tay,  the 
Dee,  the  Don,  the  Spay,  the  Tyue,  the  Trent,  the  Severn,  and 
the  Ban,  &c.  is  at  its  height  in  the  summer  season ; Uie  holler 
tho  weather,  the  more  plcutil'ul  generally  the  fish. 

The  Sturgeon  Fishery,  in  the  Volga,  the  Caspian  sea,  and  tlio 
Tunny  Fishery , in  the  Mediterranean,  employ  a great  number 
of  men.  The  Turbot  Fishery,  on  the  Dutch  coast,  finds  a 
profitable  sate  in  London. 

FISHES,  in  Heraldry,  are  emblems  of  silence  and  watchful- 
ness, and  are  borne  either  upright,  embowed,  extended, 
endorsed  respecting  each  other,  surmounting  one  another,  &<:. 
Or  they  may  be  cant  emblems,  as  a salmon  borne  by  a person 
of  that  name,  the  fish  being  perpendicular;  a eod,  by  the  Cod 
family  ; a herring,  by  the  Herrings,  Jte. 

Fishes.  To  define  these  would  be  superfluous  ; but  their 
general  physiology  deserves  attention.  Like  amphibious  Bni- 
mals,  tbe  hearts  of  fishes  are  unilocnlar,  or  consist  but  of  one 
cavity,  and  their  blood  is  less  warm  than  that  of  quadrupeds 
and  birds.  Tbe  organs  of  breathing  are  tbe  gilts,  equivalent 
to  tbe  lungs  in  man  ; and  these  consist  of  numerous  blood- 
vessels. The  generality  of  fishes  are  covered  with  scales, 
analogous  to  the  hair  of  quadrupeds  and  the  feathers  of  birds. 

The  fins,  the  chief  instruments  of  motion,  consist  of  a cer- 
tain number  of  elastic  rays  of  processes,  cither  of  one  single 
piece  in  tbe  form  of  a spiue,  or  of  jointed  pieces.  The  strong 
or  spiny  rays  are  placed  at  the  fore  part  of  the  fin,  and  tho 
soft  or  jointed  rajs  towards  the  back  part.  By  the  various 
flexures  of  these  organs,  the  movements  of  fishes  are  con- 
ducted ; the  perpendicular  fins,  situated  on  the  back  or  upper 
part  of  the  animal,  keeping  the  body  in  equilibrio,  while  the 
tail  operates  as  a rudder  at  the  stern  of  a vessel,  and  the  side 
or  breast-fins  as  oars.  The  stomach  is  large,  the  intestines  far 
shorter  than  in  quadrupeds  and  birds:  and  the  liver  is  very- 
large,  usually  placed  on  tbe  left  side. 

The  air  bladder,  or  swin  ming  bladder,  is  a very  highly  curions 
and  important  organ,  lying  closely  beneath  the  backbone,  and 
provided  with  a very  strong  muscular  coat,  which  gives  it  li  e 
power  of  contracting  at  tbe  pleasure  of  the  fish,  so  as  to  con- 
dense the  air  with  which  it  is  filled,  and  thus  enable  the  ani- 
mal to  descend  to  any  depth,  ami  again  to  ascend  by  being 
restored  to  its  largest  size.  Some  fishes  arc  destitute  of  this 
air-bladder,  yet  remain  always  at  the  bottom ; as  the  whole 
tribe  of  flat-fish.  Tbe  teeth  are,  in  some  tribes,  large  and 
strong,  in  others,  very  small ; in  some,  sharp ; in  others, 
obtuse;  in  some,  numerous ; and  in  others,  few.  Sometimes 
they  are  placed  in  the  jaws  ; sometimes  in  Ibo  palate  or 
tongue  ; or,  even  at  the  entrance  of  the  stomach.  The  ryes 
are,  in  general,  large,  flattened,  or  less  convex  than  in 
quadrupeds  and  birds.  In  return,  the  central  part  of  the  eye, 
or  what  is  called  the  crystalline  humour,  is  of  a globular 
shape,  to  give  the  animal  ibe  necessary  power  of  vision,  and 
to  compensate  for  the  comparative  flatness  of  the  cornea. 

Tbe  organ  of  smelling,  in  fishes,  is  large ; and  they  have  the 
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power  of  contracting  or  dilating  it  at  pleasure.  This  sense  is  j 
extremely  acute.  The  organ  of  hearing  differs,  in  some  par- 
ticulars, from  that  in  other  animals,  and  is  modified  according 
to  the  nature  of  the  fish.  They  are  entirely  destitute  of  voire. 
The  particular  kind  of  sound  or  chirp,  which  some  tribes  arc 
observed  to  make,  on  being  first  taken  out  of  the  water,  is 
entirely  owing  to  the  sudden  expulsion  of  air  from  their  inter- 
nal cavities.  The  greater  number  of  fishes  arc  oviparous,  pro- 
ducing soft  eggs,  usually  known  by  the  name  of  spawn.  There 
have  been  300,000  ova  or  eggs  found  in  a carp;  in  a perch, 
weighing  one  pound  two  ounces,  09,216;  in  a carp  of  eighteen 
inches,  342,144  ; in  a sturgeon  of  one  hundred  and  sixty  pounds, 
there  was  the  enormous  number  of  1,407,500!!!  The  ago  of 
fish  is  determinable  by  the  number  of  concentric  circles  of  the 
vertebra:  or  joints  of  the  back-bone.  In  the  Linmcan  arrange- 
ment of  fishes,  the  under  or  bcily-lins  arc  termed  ventral,  and 
are  considered  analogous  to  the  feet  in  quadrupeds  ; and  it  is 
from  the  presence  or  absence  of  the  fins,  that  the  divisions  arc 
instituted. 

Far  as  creation'*  ample  rang*  extend*, 

The  *C*U  of  <en«unl,  mental  power*,  ascend*  : 

Mark,  bow  it  mount*  to  man'*  imperial  race. 

From  the  green  myriads  in  the  peopled  gras*  : 

WU*t  mode*  of  light  betwixt  each  wide  extreme, 

The  raole'a  dim  curtain,  »d  the  It  ax’*  beam  : 

Of  ametl,  the  headlong  Hunts*  between, 

And  bound  eegaciotas,  on  the  feinted  green  r 
Of  hearing,  from  the  life  that  fill*  the  flood. 

To  that  which  warble*  thro"  the  vernal  wood  I 
The  spider'*  loach,  bow  exqniaitivetT  fine ! 

Feel*  at  each  thread,  and  live*  along  the  line : 

In  the  nioe  bee,  what  sense  so  subtly  true ! 

Prom  poisonous  herbs  extracts  the  healing  dew : 

How  instinct  vanes  in  the  groveling  swine. 

Comper’d,  half  reasoning  elephant,  with  thine! 

"Twist  that,  and  reason,  what  a nioe  barrier ! 

For  ever  separate, — yet  for  ever  near! 

The  fishes  arc  divided  into  six  orders,  namely;  1.  Apodcs: 
3.  Juju  lares  ; 3.  Thoracic) : 4.  Abdominal  es : 6.  Branchiostegi : 
6.  Cbondropterygii. 

1.  Apodal  fish  have  bony  gills ; and  no  ventral  fins,  as  the 
cel.  2.  Jugular  fish  have  bony  gills;  and  the  ventral  fins 
situated  directly  under  the  pectoral  fins,  as  the  cod,  haddock, 
and  a- kiting.  3.  Thoracic  fish  have  bony  gills ; and  the  ven- 
tral fins  situated  directly  under  the  pectoral  fins,  as  the  perch 
and  mackerel.  4.  Abdominal  fish  nave  bony  gills ; and  the 
ventral  fins  on  the  belly  behind  the  pectoral  fins,  as  the  salmon, 
herring,  and  carp.  5.  Brancbiostegeous  fish  have  their  gills 
destitute  of  bony  rays,  as  the  sucker.  6.  Chrondroptrrygeous 
fish  have  cartilaginous  fins,  as  the  sturgeon,  shark,  and  skate. 

FISHING,  see  Angling.  With  respect  to  the  right  of  fish- 
ing, and  the  property  offish,  where  the  lord  of  the  manor  hath 
land  on  both  sides  of  a river,  it  is  good  evidence  that  he  hath 
,i  right  of  fishitig:  hut  where  a river  ebbs  and  flows,  and  is  an 
•arm  of  the  sea,  then  it  is  common  to  all.  Thus  in  the  Severn, 
kc.  the  soil  belongs  to  the  ow  ners  of  the  land  on  each  side,  and 
the  soil  of  the  river  is  in  the  king,  but  the  fishing  is  common  to 
all.  He  who  is  owner  of  a private  river,  or  pond,  bath  a 
property  in  the  fish  ; and  there  needs  no  privilege  to  make  a 
Ushpoud. 

FISSURES,  in  the  History  of  the  Earth,  are  certain  erup- 
tions that  horizontally  or  parallely  divide  the  several  strata  of 
which  the  body  of  the  terrestrial  globe  is  composed. 

FISTULA,  in  Surgery,  a deep,  narrow,  and  callous  ulcer, 
generally  arising  from  abscesses,  chiefly  in  the  arms. 

FISTULARIA,  pipe  fish,  a genus  of  the  order  abdorninalca, 
grows  to  the  length  of  three  or  four  feet,  and  is  of  the  shape  of 
an  eel. 

FITTER,  in  Chemistry,  any  instrument  or  machine,  whose 
use  and  effect  with  regard  to  liquids  is  the  same  that  the  sieve 
or  scarce  has  in  dry  matters.  Water  is  freed  from  its  impari- 
ties by  basins  of  porous  stone. 

FITTING-OUT,  the  act  of  furnishing  a ship  with  sufficient 
masts,  sails,  yards,  ammunition,  artillery,  cordage,  anchors, 
provisions,  stores,  and  men,  for  the  voyage  or  purpose  to  which 
she  is  appointed. 

FIXED  Bodies,  generally  denote  those  bodies  which  neither 


(ire  nor  any  corrosive  has  such  an  effect  on,  as  to  reduce  or 
resolve  them  into  their  component  elements,  or  absolutely  to 
destroy  them.  Of  fixed  hudics,  the  principal  are  gold,  platina, 
silver,  precious  stones,  particularly  the  diamond,  salts,  Ac. 

Fixed  Ecliptic,  a certain  imaginary  plane,  which  never 
changes  its  position  in  the  heavens  from  the  action  of  any  of 
the  parts  of  the  solar  system  on  each  other ; but.  like  a centre 
of  inertia,  remains  immovcably  fixed.  The  existence  of  such 
a plane  is  demonstrated  by  Laplace,  who  has  shewn  the  me- 
thod of  determining  it  from  the  situations,  velocities,  masses. 
Etc.  of  the  planets  and  other  bodies.  See  Zodiac. 

Fixed  Signs  of  the  Zodiac,  an  arbitrary  denomination  which 
some  astronomers  have  given  to  the  signs  Taurus,  Leo,  Scor- 
pio, and  Aquarius.  The  particular  corresponding  season  being 
supposed  most  fixed  when  the  sun  is  in  those  signs. 

Fixed  Stars,  arc  those  which  constantly  maintain  the  same 
relative  position  with  regard  to  each  other,  in  contradistinction 
to  the  planets  and  comets  which  are  constantly  changing  their 
relative  positions.  Constellation,  Hemisphere,  and  St  ah. 

FIXITY,  or  Fixedness,  in  Philosophy,  the  quality  of  a 
body  which  denominates  and  renders  it  fixed ; or  a property 
which  euablcs  it  to  endure  fire,  and  other  violent  agents.  A 
body  may  be  said  to  be  fixed  in  two  respects;  war,  1.  When, 
on  being  exposed  to  the  action  of  fire,  or  a corrosive  men- 
struum, its  particles  are  indeed  separated,  and  the  body  ren- 
dered fluid,  but  without  being  resolved  ioto  its  first  elements  : 
and,  2.  When  the  body  sustains  the  active  force  of  the  fire,  or 
menstruums,  whilst  its  integral  parts  are  not  carried  olT  by 
fume.  Each  kind  of  fixity  is  the  result  of  a strong  or  inti- 
mate cohesion  between  tire  particles  of  the  body. 

FLAG,  a certain  banner  by  which  an  admiral  is  distinguished 
at  sea  from  the  inferior  ships  of  his  squadron  ; also  the  colours 
by  which  one  nation  is  distinguished  from  another.  In  the 
British  navy,  flags  are  either  red,  white,  or  blue,  and  are  dis- 
played from  the  top  of  the  main-mast,  fore-mast,  or  mizzen- 
mast, Recording  to  the  rank  of  the  admiral. 

The  first  flag  in  Great  Britain  is  the  royal  standard,  which  ia 
only  to  be  hoisted  when  the  king  nr  queen  is  on  board  the 
vessel ; the  second  is  that  of  the  anchor  of  hope,  which  charac- 
terizes the  lord  high  admiral,  or  lords  commissioners  of  the 
admiralty;  and  the  third  is  the  union  flag,  appropriated  to  the 
admiral  of  the  fleet,  who  is  the  first  officer  under  the  lord  high 
admiral.  The  navy-board,  custom-house,  &c.  have  each  their 
respective  flags. 

When  the  flag  is  displayed  at  the  main-top-gallant-mast- 
head,  the  officer  distinguished  thereby  is  known  to  he  an 
admiral;  when  from  the  forc-top-gallaiit-mast-hcad,  a vice- 
admiral  ; and  when  from  the  mizzen-top-gallant-inast-head,  a 
rear-admiral;  the  next  flag  after  the  union,  is  white  at  the 
main ; and  the  last,  which  characterizes  an  admiral,  is  bine  at 
the  same  mast-head.  For  a vice  admiral  the  first  flag  is  red, 
the  second  white,  and  the  third  blue,  at  the  fore-top  gallant- 
mast  head.  The  same  order  is  observed  with  regard  to  rear, 
admirals,  whose  flags  arc  displayed  at  the  mizzen-top-gnllant- 
mnst-head  ; the  lowest  flag  in  our  navy  is  accordingly  blue  at 
the  mizzen.  All  the  while  flags  have  a red  St-  George’s  cross 
in  them,  in  order  the  more  readily  to  be  distinguished  from  the 
French  white  flag  with  a white  cross. 

Besides  the  national  flag,  merchant  ships  frequently  hear 
lesser  on  the  mizzen- masts,  with  the  arms  of  the  city  where  the 
master  ordinarily  resides,  and  on  the  fore-mast  with  the  arms 
of  the  place  where  the  person  who  freights  them  lives. 

When  a council  of  war  is  held  at  sea,  if  it  he  on  board  the 
admiral,  they  hang  a flag  on  the  main-shrouds  ; if  in  the  vice- 
admiral,  in  the  fore-shrouds ; and  if  in  the  rear-admiral,  in  the 
mizzen-shrouds.  The  flags  home  on  the  mizzen  arc  particularly 
called  Gallants. 

To  heave  out  the  flag,  is  to  put  out  or  hang  abroad  the  flag. 
To  hang  out  the  white  flag,  is  to  call  for  quarter ; or  it  shews 
when  a vessel  arrives  on  a coast  that  it  has  no  hostile  inten- 
tion, but  conies  to  trade,  or  the  like.  To  hang  out  the  red  flag, 
is  to  give  a signal  of  defiance  and  battle.  To  tower,  or  strike 
the  flag,  is  to  pull  it  down  upon  the  cap.  or  to  take  it  in,  out  of 
the  respect  or  submission  due  from  all  ships  nr  fleets  inferior 
to  those  any  way  justly  their  superiors.  To  lower  or  strike  the 
flag  in  an  engagement,  is  a sign  of  yielding. 
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The  w ay  to  lead  a ship  in  triumph,  is  to  lie  the  flags  to  the  1 
shrouds,  or  the  gallery  in  the  hind  part  of  the  ship,  and  let 
them  hang  down  towards  the  water,  and  tow  the  vessels  by  the 
stern.  Livy  relates  that  this  was  the  way  the  Romans  used 
those  of  Carthage. 

Flag  Officer,  a term  synonymous  to  admiral. 

Flag  Ship,  a ship  in  which  an  admiral's  flag  is  displayed. 

Flag  Staff,  is  generally  a continuation  of  the  top. gallant, 
mast  above  the  top  gallant  rigging,  but  is  sometimes,  espe- 
cially in  guard-ships,  a spar,  occupying  the  place  of  the  top. 
gallant-mast,  and  is  only  of  use  to  display  the  flag  or  pendant; 
when  it  is  a continuation  of  the  top-gallant-mast,  it  is  frequently 
termed  the  royal  mast. 

FLAGEOLET,  a little  flute,  used  chiefly  by  shepherds  and 
country  people. 

FLAIL,  an  instrument  for  thrashing  corn,  that  consists  of, 
1.  the  hand-stalT.  which  the  labourer  bolds  in  his  band  ; 2.  the 
suiple,  or  that  part  which  strikes  the  corn  ; 3.  the  caplins,  or 
leathern  thongs  that  hind  the  hand-staff  and  swiple ; 4.  the 
middle  band,  being  the  leathern  thong,  or  fish-skin,  that  ties  the 
caplins  together. 

FL  VIR,  is  a phrase  at  sea:  when  a ship  being  housed  in 
near  the  water  so  that  the  work  hangs  over  a little  too  much, 
and  thus  is  let  out  broader  aloft  than  the  due  proportion  will 
allow,  the  seamen  say  that  the  work  doth  flair  over. 

FLAKE,  a sort  of  platform  made  of  hurdles,  used  for  drying 
codfish  in  Newfoundland  ; they  are  usually  placed  near  the 
shores  of  fishing-harbours.  Flake  signifies  also  a smwll  stage 
hung  over  a ship’s  side  to  caolk  or  repair  any  breach.  We 
speak  also  of  a flake  of  snow.  See  Snow. 

FLAMBEAU,  a large  taper,  mad©  of  hempen  wicks,  by 

ouring  melted  wax  on  their  top,  and  letting  it  run  down  to  the 

ottom.  Tliis  done,  they  lay  them  to  dry ; after  which  they  roll 
them  on  a table,  and  join  four  of  them  together  by  means  of  a 
red-hot  iron;  and  then  pour  on  more  wax  till  the  flambeau  is 
brought  to  the  site  required.  Flambeaus  are  of  different 
lengths,  and  made  cither  of  white  or  yellow  wax.  They  serve 
to  sire  light  in  the  streets  at  night,  or  on  occasion  of  illumi- 
nations. 

FLAME,  the  subtlest  and  brightest  part  of  fuel,  ascending 
above  it  in  a pyramidal  or  conical  figure,  and  has  been  con- 
jeetured  by  Newton  to  be  a vapour  red-hot;  which,  however, 
seems  to  be  but  an  imperfect  idea.  We  should  rather  say, 
that  flame  is  an  instance  of  combustion,  whose  colour  will  be 
determined  by  the  degree  of  decomposition  which  takes  place. 
If  it  be  very  Imperfect,  the  most  refrangible  rays  only  will 
appear ; if  very  perfect,  all  the  rays  will  appear,  and  the  flame 
will  be  brilliant  in  proportion  to  this  perfection.  There  arc 
flames,  how  ever,  which  consist  of  burning  particles,  whose  rays 
hnvo  partly  escaped  before  they  ascended  in  the  form  of 
vapour;  such  would  be  the  flam©  of  a red-hot  coal,  if  exposed 
to  such  a heat  as  would  gradually  disperse  it  into  vapour. 
When  the  fire  is  very  low  under  the  furnace  of  an  iron-foun- 
dcry,  at  the  upper  orifice  of  the  chimney  a red  flame  of  this 
kind  may  be  seen,  which  is  different  from  the  flame  that  ap- 
pears immediately  after  fresh  coals  have  been  thrown  on  the 
fire  ; for,  in  consequence  of  adding  such  a supply  to  the  burn- 
ing fuel,  a vast  column  of  smoke  ascends,  and  forms  a medium 
so  thick  ns  to  absorb  most  of  the  rays  excepting  the  red. 

FLAMINGO.  See  Piicenicoptf.rus. 

FLAMSTEED,  a celebrated  English  astronomer,  and  the 
first  astronomer  royal,  was  born  at  Derby,  in  the  year  1616, 
and  very  early  disrovered  a great  genius  and  taste  for  astro- 
nomical subjects ; having,  while  yet  a youth,  computed  both 
solar  and  lunar  eclipses,  and  occultatjona  of  the  moon  and 
stars.  He  possessed  more  zeal  and  application  in  the  pursuit 
of  scientific  knowledge  than  the  first  astronomer  royal,  and 
scarcely  any  man  ever  attained  a higher  respect  amongst  his 
contemporaries.  In  common  life  hr  was  free  and  easy  of 
access.  and  pleased  with  the  companv  of  those  who,  with 
scientific  research,  could  unite  their  share  in  the  convivial 
intercourse  of  life.  Flamsteed’s  great  work  ort  astronomy,  in 
3 vols.  fol.  comprises  a catalogue  of  the  right  ascensions, 
polar  distances,  longitudes,  and  magnitudes  of  nearly  3000 
fixed  stars.  The  preface  to  this  volume  contains  an  account 
of  all  the  astronomical  observations  made  before  his  time,  with 


a description  of  the  instruments  employed,  and  much  other 
curious  aud  highly  important  matter. 

FLANK,  in  the  Manege,  the  sides  of  a horse's  buttock  ; or 
more  properly,  the  extremities  of  the  belly  where  the  ribs  arc 
wanting.  In  a well-made  horse  the  flanks  are  full,  and  the 
distance  short  between  the  last  riband  the  haunch  bone,  which 
is  properly  the  flank. 

Flank,  in  War,  the  side  of  a battalion,  army,  kc.  in  contra- 
distinction to  front  and  rear.  In  Fortification,  tbe  part  of  a 
bastion  which  reaches  from  tbe  curtain  to  the  face.  Sr* 
Bastion. 

FLANNEL,  a woollen  stuff,  composed  of  a woof  and  warp, 
and  woven  after  the  manner  of  baize.  Various  theories  have 
been  adopted  to  prove  tho  utility  of  flannel  as  an  article  of 
dress;  it  is  unquestionably  a bad  conductor  of  heat,  and  on 
that  account  very  useful  in  cold  weather;  this  is  accounted  for 
from  the  structure  of  the  stuff;  the  fibres  touch  each  other  very 
slightly,  so  that  the  heat  moves  slowly  through  the  interstices, 
which  being  nlready  filled  with  air,  give  little  assistance  iu 
carrying  off  the  heat.  In  tbe  town  of  Rochdale,  and  the 
adjacent  villages,  there  are  manufactured,  every  week,  of 
flannels  and  baizes,  about  20,000  pieces,  of  46  yards  each, 
making  47,810,000  yards  per  annum.  It  is  supposed  that 
17.840,000  yards  are  exported;  the  remaining  30  millions  of 
yaids  me  consumed  in  the  United  Kingdom,  being  an  average 
of  about  II  yard  for  each  individual.  Some  good  flannels  are 
manufactured  in  Wales  ; a few  coarse  ones  at  Keswick,  and 
some  other  towns  and  villages  in  the  kingdom.  A few  arc 
manufactured  on  the  Continent,  and  works  for  that  purpose 
ore  now  erecting  in  America;  but  the  whole  of  the  flannels 
manufactured  ou  the  globe,  besides  those  manufactured  in 
Rochdale  and  ils  immediate  vicinity,  are  not  equal  in  quantity 
to  those  made  there.  The  price  of  flannels  is  from  5 d.  to  3#. 
per  yard  ; and  the  average  may  be  stated  at  from  13*/.  to  14tf. 
per  yard  ; so  that  the  annual  value  of  the  manufacture  may  be 
staled  at  about  three  millions  sterling.  The  wool  costs  fully 
one-half  of  the  wholesale  selling  price;  the  oil,  labour,  and 
finishing,  &c.  constitute  nearly  the  other  half. 

FLAT,  a level  ground  lying  at  a small  depth  under  the  sur- 
face of  the  sea ; otherwise  called  a 8uo.il,  or  Shallow. 

To  Flat  m,  the  action  of  drawing  in  the  aftmost  clue  of  a 
sail  towards  the  middle  of  a ship,  to  give  tho  sail  the  greater 
power  of  turning  the  vessel ; thus,  if  the  mizzen  or  after  sails 
are  flatted  in,  it  is  evident  that  the  intention  ts  to  carry  the 
stern  to  leeward,  and  (urn  (he  head  nearer  to  the  wind  ; and  if 
the  head-sails  are  flatted  in.  the  intention  is  accordingly  to 
make  the  ship  fall  off.  when,  by  design  or  accident,  she  has 
come  so  near  the  wind  as  to  make  the  sails  shiver;  hence-— 

Flat  i*  fvneard,  is  the  order  to  draw  in  the  Jib  and  fore- 
top-mast stay-sail  sheets  towards  the  middle  of  the  ship;  this 
operation  is  seldom  necessary,  except  in  light  bre-ezes  of  wind, 
when  the  helm  has  not  suflicirnt  government  of  the  ship. 

Flat,  in  Music,  a character,  which  before  a note  signifies 
that  the  note  is  to  be  sung  or  played  half  a tone  lower  than  its 
natural  pitch.  A double  flat  is  n character  compounded  of 
two  flats,  signifying  that  the  note  before  which  it  is  placed  is  to 
be  song  or  played  two  semitones  lower  than  its  natural  pitch. 

FLAX  DitcssiNU,  has  for  many  ages  been  performed  in 
slow  and  laborious  operations,  by  means  of  a mallet,  a break. 
See.  which  have  been  used  for  preparing  the  flax  for  the  heckle. 
The  break  and  scutcher,  common  in  Ireland  and  Scotland, 
are  inferior  to  the  machinery  of  mills,  among  the  chief  of 
which  is  the  following,  to  be  found  in  " Gray’s  Millwright.” 

Flax  Mitt,  (See  Plate,  MiUt.)  A A,  the  great  water-wheel 
fixed  upon  its  shaft,  and  containing  40  aws  or  float-boards,  to 
receive  the  water  which  communicates  motion  to  the  whole 
machinery.  B B,  a wheel  fastened  upon  the  same  axle,  hav- 
ing, as  before  mentioned,  102  cogs,  to  drive  the  wheel  C of  25 
teeth,  which  is  fixed  upon  the  middle  roller.  Nn.  1.  The  thick 
part  of  this  roller  is  fluted,  or  rather  has  teeth  all  round  ils 
circumference.  These  teeth  are  of  an  angular  form,  heing 
broad  at  their  base,  and  thinner  towards  their  outward  extre- 
mities, which  are  a little  rounded,  to  prevent  them  from  rutting 
the  flax  ns  it  passes  through  betwixt  the  roller*.  The  other 
two  rollers.  Nos.  2 and  3,  have  teeth  in  them  of  the  same  form 
and  size  as  those  iu  tbe  middle  roller,  whose  teeth,  by  taking 
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Into  those  of  these  two  rollers,  turn  them  both  round.  The 
rough  flax  is  made  up  into  small  parcels,  which  being  intro- 
duced betwixt  the  middle  and  upper  tollers,  pass  round  the 
middle  one;  and  this  cither  having  rollers  placed  on  its  off- 
side, or  being  enclosed  by  a curved  board  that  turns  the  flax 
out  betwixt  the  middle  and  under  rollers,  when  it  is  again  put 
in  betwixt  the  middle  and  upper  one,  round  the  same  course, 
until  it  be  sufficiently  broken  or  softened,  and  prepared  for  the 
scutching  machine.  The  bearer  in  which  the  gudgeon  of  the 
roller  No.  1 turns,  is  fixed  in  the  frame  at  C ; and  the  gudgeons 
of  the  rollers  Nos.  *2  and  3 turn  in  sliders  that  move  up  or 
down  in  grooves  in  the  frames  S S.  The  under  roller  is  kept 
up  to  the  middle  one  by  the  weights  D D,  suspended  by  two 
ropes  going  over  two  sheaves  in  the  frame  SS;  their  other 
ends  being  fastened  to  a transverse  bearer  below  the  sliders  in 
which  the  gudgeons  of  the  roller  No.  3 turn.  The  weights  D 1) 
must  be  considerably  heavier  than  the  under  roller  and  sliders, 
in  order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of 
No.  1,  to  bruise  the  flax  when  passing  between  the  rollers. 
The  whole  weight  of  the  roller  No.  2 presses  on  the  flax  which 
passes  between  it  and  No.  1.  There  is  also  a box  fixed  on  the 
upper  edge  of  its  two  sliders  to  contain  a parcel  of  stones,  or 
lumps  of  any  heavy  metal,  so  that  more  or  less  weight  can  be 
added  to  the  roller,  as  is  found  necessary.  O O,  is  the  large  1 
frame  that  supports  one  end  of  the  shaft  which  carries  the  two 
wheels  A,  B,  and  vertical  axle  FF;  on  the  lower  end  of  which 
is  fixed  the  pinion  turned  by  the  wheel  B,  and  having  10  teeth.  | 
In  the  axle  F,  are  arms  upon  which  the  scutchers  arc  fastened 
with  screwed  holts.  These  scutchers  are  enclosed  in  the  cylin- 
drical box  E E,  having  in  its  curved  surface  holes  or  porches 
at  which  the  handfuls  of  flax  arc  held  in,  that  they  may  be 
cleaned  by  the  revolving  scutchers.  H II,  the  fall  or  coarse 
of  the  water.  TT.  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  water  on  the  great  wheel.  The  gudgeons 
of  the  axles  should  all  turn  in  cods  or  bushes  of  brass.  K K, 
the  side  walls  of  the  mill  house.  G G,  doors.  L L,  windows. 

R K,  the  roof. 

FLEAM,  in  Surgery  and  Farriery,  an  instrument  for  lettiog 
a horse  or  other  animal  blood. 

FLEECY  Hosiery,  a useful  manufacture,  in  which  fine  ' 
fleeces  of  wool  arc  interwoven  into  a cotton  piece  of  the  com- 
mon stocking  texture,  for  making  stockings,  socks,  waistcoats, 
and  other  clothing,  for  persons  afflicted  with  complaints  requir- 
ing warmth,  and  for  common  use  in  cold  climates. 

FLEET,  a general  name  given  to  the  British  navy ; it  also 
denotes  any  number  of  ships,  whether  designed  for  war  or 
commerce,  keeping  company  together.  The  admirals  of  his 
majesty’s  fleet  arc  classed  into  three  squadrons,  rir.  the  red, 
white,  and  blae.  When  any  of  these  officers  arc  invested  with 
the  command  of  a squadron  or  detachment  of  ships  of  war.  the 
particular  ships  are  distinguished  by  the  colours  of  their  j 
respective  squadron : that  is  to  say,  the  ships  of  the  red  aqua-  j 
droit  wear  an  ensign  whose  union  is  displayed  on  a red  field ; 
the  ensigns  of  the  white  squadron  have  a white  field,  and 
those  of  the  blue  squadron  a blue  field;  the  union  being 
common  to  all  three.  The  ships  of  war,  therefore,  are  occa- 
sionally annexed  to  any  of  the  three  squadrons,  or  shifted 
from  one  to  another. 

Of  whatsoever  number  a fleet  of  ships  of  war  is  composed,  it  ' 
is  usually  divided  into  three  squadrons;  and  these,  if  nume- 
rous, are  again  separated  into  divisions.  The  admiral,  or 
principal  officer,  commands  the  centre;  the  vice-admiral,  or  ( 
second  in  command,  superintends  the  van-guard;  and  the  ope-  ; 
rations  of  the  rear  arc  directed  by  the  rear-admiral,  or  the  1 
officer  next  in  rank.  Set  tlie  article  Division. 

The  disposition  of  a fleet  while  proceeding  on  a voyage  will,  ‘ 
in  some  measure,  depend  on  particular  circumstances;  as  the  , 
difficulty  of  navigation;  the  necessity  of  despatch,  according  to  ( 
the  urgency  or  importance  of  the  expedition  ;*or  the  expre-  ! 
tation  of  an  enemy  in  the  passage.  The  most  convenient  order  ( 
is  probably  to  range  it  into  three  lines  or  columns,  each  of 
which  is  parallel  to  a line  close  hauled,  according  to  the  tank 
on  which  the  line  of  battle  is  designed  to  be  formed.  This 
arrangement  is  more  used  than  any,  because  it  contains  the 
advantages  of  every  other  form  without  their  inconveniences. 
The  fleet  being  thus  more  enclosed  will  more  readily  observe 


the  signals,  and  with  greater  facility  form  itself  into  the  line  of 
battle;  a circumstance  which  should  be  observed  in  every 
order  of  sailing.  See  the  article  Enoagf.mkn’t. 

Merchant. fleets  generally  take  their  denomination  from  the 
place  they  are  bound  to,  as  the  West  India  fleet,  the  East  India 
fleet,  &c.  These  in  times  of  peace  go  in  fleets  for  their  mutual 
protection  and  assistance:  in  times  of  war,  besides  this  secn- 
rity,  they  likewise  procure  convoys  of  ships  of  war,  cither  to 
escort  them  to  the  places  whither  they  are  bonnd,  or  only  a 
part  of  the  way,  to  a certain  point  or  latitude,  beyond  which 
they  are  judged  out  of  danger  of  privateers,  &c. 

FLEETING,  the  act  of  changing  the  situation  of  a tackle 
when  the  blocks  arc  drawn  together ; also  of  changing  the 
position  of  the  dead-eyes,  when  the  shrouds  are  become  loo 
long,  which  is  done  by  shortening  the  shrouds  and  turning  in 
the  dead-eye  again  higher  up ; the  use  of  fleeting  is  accordingly 
to  replace  the  mechanical  powers  in  a state  of  action,  tbo  force: 
by  which  they  operated  being  destroyed  by  the  meeting  of  the 
blocks  or  dead-eyes.  Fleeting,  therefore,  is  nearly  similar  to 
the  winding  up  of  a watch  or  dock. 

FLESH,  in  Anatomy,  a fibrous  part  of  an  animal  body,  soft 
and  blooriy,  being  that  of  which  most  of  the  other  parts  arc 
composed,  and  by  which  they  are  connected  together  ; or,  more 
properly,  it  is  that  part  of  the  body  where  the  blnod-v easels 
are  so  small  as  only  to  retain  blood  enough  to  preserve  their 
colour  red. 

FLESH  ER,  in  Scotland,  is  a butcher;  and  in  Glasgow  and 
some  other  places,  there  arc  corporations  of  Jleikers. 

FLEXIBLE,  is  the  property  or  quality  of  a body  that  may 
be  bent. 

FLEXURE,  or  Flf.xion,  is  the  bending  of  a line  or  figure.  . 

FLINT.  This  mineral  consists  of  US  silica,  0 60  lime,  0*26 
alumina,  0 26  oxide  ol  iron,  and  1*0  loss.  Its  principal  use  is 
for  gun-flints,  and  it  is  also  reduced  to  a powder,  and  used  in 
the  manufacture  of  porcelain  and  glass.  The  manufacture  of 
gun-flmts  is  exceedingly  simple,  and  a good  workman  will 
make  1000  flints  a day.  The  whole  art  consists  in  striking  the 
stone  repeatedly  with  a kind  of  nmlict.  and  bringingoffi  at  each 
stroke  a splinter  sharp  nt  one  end.  and  thicker  at  the  other. 

' The  splinters  are  afterwards  shaped  at  pleasure,  by  laying  the 
lioe  at  which  it  is  wished  they  should  break,  upon  a sharp 
instrument,  and  then  giving  it  small  blows  with  a mallet. 

FLOAT,  a raft  or  quantity  of  timber  fastened  together,  to  be 
I driven  along  a river  liy  the  tide  or  current. 

FLOAT  Boards,  those  boards  which  are  fixed  to  the  rim.  or 
, circumference,  of  undershot  water  wheels,  serving  to  receive 
the  impulse  of  the  stream,  and  by  which  means  the  mill  is  put 
into  motion. 

I FLOATING  Bones,  are  those  which  swim  on  lire  surface 
of  a fluid,  the  stability,  equilibrium,  and  other  circumstances 
| of  which  form  an  interesting  subject  of  mechanical  and  hydro- 
| statical  investigation,  particularly  os  applied  to  the  construc- 
tion and  management  of  ships  and  other  vessels.  The  equili- 
brium of  floating  bodies  is  of  two  kinds,  vir.  stable  or  absolute, 
and  uostable  or  tottering.  In  the  one  case,  if  the  equilibrium 
be  ever  so  little  deranged,  the  bodies  which  compose  the  system 
only  oscillate  about  their  primitive  p silion,aud  the  equilibrium 
is  then  said  to  be  firm,  or  stable.  And  this  stability  is  absolute  if 
it  takes  place,  whatever  be  the  nature  of  the  oscillations  ; but  it 
is  relative,  if  it  only  takes  place  in  oscillations  of  a certain 
description.  In  the  oilier  state  of  equilibrium,  if  the  system  be 
ever  so  little  deranged,  all  bodies  deviate  more  and  more,  and 
the  system,  instead  of  any  tendency  to  establish  itself  in  its 
1 primitive  position,  is  overset,  and  assumes  a new  position, 
entirely  different  from  the  former ; and  this  is  called  a tottering, 

1 or  unstable , equilibrium. 

YYc  may  form  a just  conception  of  these  (wo  states,  by  sup- 
i posing  an  ellipse  placed  vertically  on  an  horizontal  plane ; if 
I the  ellipse  is  io  equilibrium  on  its  smaller  axis,  it  is  evident  that 
[ upon  a slight  dcrangcment.it  will  tend  to  regain  its  original  posi- 
tion, after  several  small  oscillations,  which  will  soon  be  termi- 
nated by  the  friction  and  resistance  of  the  air  ; but  if  the  ellipse 
be  placed  in  equilibrium  on  its  greater  axis,  if  once  it  deviates 
from  this  position.it  will  continue  to  deviate  more  and  more, 
till  it  finally  turns  itself  on  its  lesser  axis.  In  the  above 
example,  there  is  this  remarkable  circumstance  ; the  four  post- 
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lions  of  equilibrium  nf  the  ellipse,  on  the  extremities  of  its  two 
axes,  are  alternately  stable  and  unstable;  and  this  lakes  place 
in  every  case.  For,  suppose  two  positions  of  stable  equilibrium 
to  take  place  in  any  body,  and  such  that  there  does  not  exist 
between  them  an)  position  of  the  name  kind,  if  the  body  be 
placed  in  one  of  these  positions,  and  is  made  to  deviate  from 
it,  and  to  approach  the  other,  acrording  as  this  deviation  is 
greater  or  less,  the  body  will  either  return  toita  original  state,  or 
will  arrive  at  the  other  position.  There  » ill  evidently,  therefore, 
be  some  intermediate  position,  in  w hich  the  body  w ill  neither  tend 
towards  one  or  the  other  of  the  former,  hut  will  remain  at  rest; 
but  this  state  of  equilibrium  will  he  unstable,  since,  if  the  body  bo 
made  to  deviate  ever  so  little  towards  one  of  the  other  positions, 
it  will  necessarily  arrive  at  it.  Hence,  it  appears,  that  if  n body 
turning  round  a fixed  axis  passes  through  several  positions  of 
equilibrium,  they  will  be  alternately  stable  and  unstable. 

The  stability  of  a floating  body  is  the  greater  as  its  centre  of 
gravity  is  lower  than  that  of  the  displaced  fluid,  or  as  the  dis- 
tance between  thcsccrntrcs  is  increased  ; it  is  for  this  reason, 
that  ballast  is  put  in  the  lower  part  of  vessels  to  prevent  them 
from  being  overset.  The  nature  of  the  equilibrium,  as  to 
stuhility.  depends  on  the  position  of  a certain  point,  called  the 
centre  oftirwiirr  ; which  term  was  fust  adopted  by  Uuugucr,  in 
in  his  " Traite  du  Navi  re/’ — When  the  centre  of  pressure  is 
above  that  of  gravity,  the  equilibrium  is  stable  ; when  it  is  lower 
than  the  centre  of  gravity,  tbecquiiibrium  is  tottering ; when  this 
centre  coincides  with  the  centre  of  gravity,  the  body  will  remain 
at  rest  wherever  it  is  placed,  without  any  tendency  to  oscillation. 

Laplace  gives  the  following  rule  for  determining  whether  (be 
force  which  solicits  the  system,  tends  fo  restore  it  to  the  same 
state  again  when  deranged  from  its  primitive  position,  which 
is  as  follows: — If  through  tho  centre  of  gravity  of  the  section 
of  the  surface  of  the  water  on  which  a body  floats,  we  con- 
ceive a horizontal  axis  to  pass,  such  that  the  sum  of  tho  pro- 
ducts of  every  element  of  the  section,  multiplied  by  the  square 
of  iLs  distance  from  this  axis  be  less  than  any  other  horizontal 
axis  drawn  through  the  same  centre,  the  equilibrium  will  he 
stable  in  every  direction;  when  this  sum  surpasses  the  product 
of  the  volume  of  the  displaced  fluid,  by  the  height  of  the  centre  of 
gravity  of  the  body  above  the  centre  of  gravity  in  this  volume. 

This  rule  is  principally  useful  in  the  construction  of  vessels 
which  require  sufficient  stability  to  enable  them  to  resist  the 
effects  of  storms,  which  tend  to  submerge  them.  In  a ship,  the 
axis  drawn  from  the  stern  to  the  prow,  is  that  relative  to  which 
the  sum  above  mentioned  is  a minimum  ; it  is  easy  therefoie  to 
ascertain  and  measure  its  stability  by  the  preceding  rule. 

In  order  that  a floating  body  may  remain  in  equilibrio, 
it  is  also  necessary  that  its  centre  of  gravity  he  in  the  same 
vertical  line  with  the  centre  of  gravity  of  the  displaced  fluid, 
otherwise  the  weight  of  the  solid  will  not  he  completely  coun- 
teracted by  the  pressure  of  the  displaced  fluid.  When  the  lower 
surface  of  a floating  body  is  spherical  or  cylindrical,  the  centre 
must  coincide  with  the  centre  of  the  figure,  since  the  height 
of  this  point,  as  well  as  the  form  of  the  portion  of  the  fluid  dis- 
placed. must  remain  invariable  in  all  circumstances.  The  place 
of  the  centre  is  determined  by  the  doctrine  of  forces  combined 
with  the  elementary  principles  of  h)  drostatics,  by  considering 
the  form  and  extent  of  the  surface  of  the  displaced  portion  of  the 
fluid,  compared  with  its  hulk  and  with  the  situation  of  its  centre 
of  gravity.  If  a rectangular  beam  be  floating  on  its  surface,  the 
height  of  the  centre  of  pressure  above  the  centre  of  gravity- 
will  Lc  to  the  breadth  of  the  beam,  as  the  breadth  is  to  twelve 
times  the  depth  of  the  part  immersed.  Hcncc,  if  the  beam  be 
square  it  will  float  securely,  when  either  the  part  immersed,  or 
the  part  above  the  surface,  is  less  than  fa  *he  whole,  hut 
when  it  is  less  unequally  divided  by  the  surface  of  the  fluid,  it 
wilt  overset.  If  however  the  breadth  be  so  increased  as  to  be 
nearly  one-fourth  greater  than  the  depth,  it  will  possess  a certain 
degree  of  stability,  whatever  its  density  may  be.  See  ICfc.BF.KG. 

Floating  Breakwater.  This  marine  contrivance  may  con- 
sist of  a series  of  square  frames  of  timber,  connected  by  moor- 
ing chains,  or  cables  attached  to  anchors,  or  blocks  of  marble. 
The  frame-work  may  be  made  of  logs  of  Quebec  yellow 

Einc,  from  30  to  AO  feet  long,  and  from  18  to  20  inches  square, 
ultcd  together  very  firmly,  and  increased  in  height  as  the 
situation  may  be  boisterous,  in  order  to  break  the  violence  of 
£1. 


the  agitated  waves,  and  allow  the  vessels  riding  within  these 
quadrangular  basins  more  safety  and  protection.  Such  break- 
t<  ntert  arc  admirably  adapted  to  bathing-places  and  swimming 
stations,  since  they  will  always  produce  smooth  water  and 
protect  the  machines.  Indeed,  the  Editor  would  recommend 
the  establishment  ofHoating  breakwater  baths  at  bathing-places 
on  the  sea-coast.  These  might  be  so  framed  with  reticulated 
fencing  for  their  sides  and  bottoms,  or  with  actual  net-work, 
as  to  HfTord  perfect  safety  against  diowniog,  even  to  persons 
who  could  not  swim.  See  Swimming. 

FLOOD,  the  flux  of  the  tide, or  Ihc  time  the  water  continues 
rising  ; called  a young  flood,  quarter-flood,  half  flood,  high  flood. 

FLOORING,  among  Miners,  a term  used  to  express  a pecu- 
liarity in  the  load  of  a mine.  Tho  load,  or  quantity  of  ore,  U 
frequently  intercepted  by  the  crossing  of  a ditlcrent  substance ; 
in  which  case  the  load  is  moved  to  one  side,  and  this  transient 
part  of  the  land  is  called  a Hooking. 

FLOOR  of  a Room,  is  best  made  of  good  seasoned  deal, 
from  4 to  7 inches  broad,  and  of  us  great  lengihs  as  possible, 
from  12  lo  18  feet.  Fluor*  may  lie  laid  either  ploughed  or 
doaUd ; when  ploughed,  the  feather  may  be  worn  through,  and 
then  the  floor  looks  wretched,  besides  the  greater  quantity  of 
nails  that  feathered  flooring  requires,  render  it  less  desirable 
than  dooled  flooring,  in  which  there  is  neither  groove  nur 
feather,  and  but  very  few  nails ; but  theu  this  last  admits  the 
dust  much  more  Ilian  the  other. 

Floor,  the  bottom  of  a ship,  or  all  that  part  on  each  side  of 
the  keel  w hich  approaches  nearer  to  an  horizontal  than  a per- 
pendicular situation,  and  whereon  she  rests  when  aground; 
thus  wo  say,  a sharp  floor,  a flat  floor,  a long  floor,  &c. 

Floor  Timbers,  are  those  parts  of  the  ship’s  timbers  w hich  are 
placed  immediately  across  the  keel,  and  upon  which  the  bottom 
of  tho  ship  is  framed  ; to  these  the  upper  parts  of  the  limbers 
arc  united,  being  only  a continuation  ol  flour-timbers  upwards. 

FLORIN,  is  sometimes  used  fur  a coin,  and  souie.imcs  for  a 
money  of  account.  I hc  Uoriu  coin  is  of  different  values.  The 
gold  florins  are  most  of  them  of  a coarse  alloy,  some  of  them 
not  exceeding  thirteen  or  fourteen  carats,  and  none  of  them 
seventeen  aud  a half.  As  to  silver  florins,  those  of  Holland 
are  worth  about  Is.  8 d. 

FLOS,  in  Chemistry,  the  most  subtile  parts  of  bodies,  sepa- 
rated from  the  more  gross  purls  by  sublimation,  in  a dry  form. 

FLOTSAM,  Jetsam  and  Laoan,  in  Law.  Flotsam  is  when 
a ship  is  sunk  or  cast  away,  and  the  goods  float  on  the  sea ; 
jetsam  is  when  a ship  is  in  danger  of  being  sunk,  and  to  lighten 
the  ship  the  goods  are  thrown  overboard,  and  the  ship  notwith- 
standing perishes;  and  lagan  is  when  the  goods  so  cast  into 
the  sea  are  so  heavy  that  they  xiuk  to  tho  huttour,  and  there- 
foie the  mariners  fusion  tu  them  a buoy  or  cork,  or  such  other 
thing  that  will  not  sink,  to  enable  them  to  lind  them  again. 

FLOUR  Mills,  are  put  in  motion  by  wind,  water,  steam, 
btc.  We  have  before  us  44  the  Steel  Corn  Mill,"  which,  from 
its  being  portable,  is  of  great  use  in  armies,  on  shipboard, 
and  even  in  private  families.  Externally,  this  mill  wears  the 
appearance  given  it  in  the  annexed  figure.  It  is  said,  this  mill 
will  produce  flour  equal  in  quality  of  fineness  with  the  first-rato 
water  or  wind  mills;  and  by  the 
simple  addition  of  a couple  of  ex- 
tra grinding  plate*,  to  shift  as  oc- 
casion may  require,  this  mill  be- 
come* at  once  a general  grinding 
mill  lor  grain,  rice,  colTYe,  fee.  11 
is  a strong  hoard,  on  which  the 
w ork  is  fixed.  D E,  a winch  to 
turn  the  mill.  A,  the  box  that 
covers  the  internal  machinery. 
C,  the  hopper  : and  the  engraving 
of  the  “ Patent  Portable  Corn 
on  the  Plate  Ulillt,  is  a section  of 
this  machine,  as  you  look  down 
upon  it  when  the  lid  is  removed. 
To  regulate  the  mill  lift,  the  pole  3 out  of  the  ratchet  w heel  2,  then 
move  the  regulator  1 to  the  right,  if  you  wish  the  mill  set  fine, 
fix.  for  grinding  flour,  &c. ; or  to  the  left,  to  set  it  coarser,  m. 
for  mail,  oats,  beans,  &c.  When  the  mill  is  properly  regulated, 
let  the  pole  fall  into  one  of  the  divisions  of  the  ratchet  wheel,  by 
4 M 
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which  the  plates  will  be  kept  in  the  position  you  wish.  To  ease 
the  Diction  of  the  spindle,  and  make  the  mill  work  easy,  it  is  ! 
necessary  to  apply  oil  frequently  to  the  points  marked  4.  If  a 
small  stone,  or  other  hard  substance,  should  peel  between  the 
plates  and  check  the  working  of  the  mill,  it  can  be  instantly 
relieved  by  turning  the  regulator  to  the  left,  by  which  menus  it 
will  drop  out.  To  clean  the  mill  before  using  it  for  flour,  run 
a few  hamlsful  of  common  grain  through  the  plates  two  or 
three  times,  which  will  remove  any  dirt  that  may  settle  between 
them.  Care  should  be  taken  not  to  set  the  mill  too  tight,  us  it 
not  only  makes  it  work  hard,  but  wears  the  face  of  the  plates 
unnecessarily,  ami  in  some  measure  destroys  the  vegetable 
quality  of  the  wheat.  There  is  a key  to  take  the  mill  to  pieces 
if  requited,  or  put  it  together,  to  perform  which  no  instructions 
are  necessary. 

The  whole  apparatus  is  contained  in  a neat  iron  case,  mea- 
suring only  13  inches  by  8,  and  in  inches  deep.  The  movements 
are  rendered  simple  and  effectual,  and  the  mill  is  so  easy  to 
work,  that  a stout  boy  will  be  able  to  grind  ns  much  flour  in 
two  or  three  hoars  as  a family  of  six  or  eight  people  will 
consume  in  a week  ; and  it  if  calculated,  that  a very  few 
persons  can  grind  and  dress  sufficient  to  meet  the  consumption 
of  a regiment  of  one  thousand  men.  The  London  Portable 
Mill  Company,  in  Chcapsidr,  do  not  claim  the  merit  of  the 
original  invention,  but  of  bringing  the  French  Military  Mill  in 
perfection,  for  general,  public,  and  domestic  uses,  by  facili- 
tating its  operations,  and  by  otherwise  improving  it  to  an 
extraordinary  degree. 

We  shall  describe  a flour  mill  of  the  most  common  sort,  as 
follows.  (See  Plate,  Mill*.)  A U is  the  water  wheel,  which  is 
generally  from  eighteen  to  twenty-four  feet  in  diameter, 
reckoned  from  the  uttermost  edge  of  any  float-board  at  A,  to 
that  of  the  opposite  one  at  B.  The  wheel  is  fixed  upon  a very- 
strong  axis,  or  shaft  C,  one  end  of  which  rest*  on  I>,  and  the 
other  on  E,  within  the  mill-house.  On  this  shaft,  or  axis,  and 
within  the  mill-house,  is  a wheel  F,  about  8 or  9 feet  in 
diameter,  having  cogs  all  round,  which  work  in  the  upright 
staves,  or  rounds  of  a trundle  O.  This  trundle  it  fixed  upon  a 
strong  iron  axis,  called  the  spindle,  the  lower  end  of  which 
turns  in  a brass  foot,  fixed  at  H,  in  a horizontal  beam  H M, 
railed  the  bridge-tree  ; and  the  upper  and  of  the  spindle  turns 
in  a wooden  bush  fixed  into  the  nether  millstone,  which  lies 
upon  beams  in  the  floor  I.  The  top  of  the  spindle  above  the 
bush  is  square,  and  goes  into  a square  hole  in  a strong  iron 
cross,  called  the  rynd  ; under  which,  and  close  to  the  bush,  is 
a round  piece  of  thick  leather  upon  the  spindle,  which  it  turns 
round  at  the  same  time  as  it  docs  the  rynd.  The  rynd  is  let 
into  grooves  in  the  under  surface  of  the  running  millstone  K. 
and  so  turns  it  round  in  the  same  time  that  the  trundle  G is 
turned  round  by  the  cog-wheel  F.  This  stone  has  a large  hole 
quite  through  its  middle,  called  the  eye  of  the  stone,  through 
which  the  middle  part  of  the  rynd  and  upper  end  of  the  spindle 
may  be  seen,  whilst  the  four  ends  of  the  rynd  lie  below  the 
stone  in  their  grooves.  One  end  of  the  bridge-tree  which  sup- 
ports the  spindle,  rests  upon  the  wall,  whilst  the  other  is  let 
into  a beam,  called  the  braycr.  LM.  The  hrayer  rests  in  a 
mortise  at  L,  and  the  other  end  M,  hangs  by  a strong  iron  rod 
N,  which  goes  through  the  floor  I,  and  has  a screw- mu  on  its 
top  at  O;  by  the  turning  of  which  nut,  the  end  M of  the  braver 
is  raised  or  depressed  at  pleasure,  and  consequently  the  bridge- 
tree  and  the  upper  millstone.  By  this  means,  the  upper  mill- 
stone tuny  be  set  ns  close  to  tbe  under  one,  or  raised  as  high 
from  it,  as  is  convenient. 

The  corn  will  be  ground  fine  or  coarso,  according  to  the 
distauco  of  the  millstones  from  each  other.  On  the  top  of  the 
box  which  encloses  the  millstone,  stands  a frame  for  holding 
the  hopper  P,  to  which  is  bung  the  shoe  Q,  by  two  lines 
fastened  to  the  hinder  part  of  it.  fixed  upon  hooks  in  the  hopper, 
and  by  one  end  of  the  string  R fastened  to  the  fore  part  of  it. 
the  other  end  being  twisted  round  the  pin  S.  As  the  pin  is 
turned  one  way,  the  string  draws  up  the  shoe  closer  to  the  Imp. 
per,  and  so  lessens  the  aperture  between  them  ; and  ns  Hie  pin 
is  turned  the  other  way  it  lets  down  the  shoe,  and  enlarges  the 
aperture.  If  the  shoe  be  drawn  up  quite  to  the  hopper,  no  corn 
con  fall  from  the  hopper  into  the  tniii ; if  it  he  let  down  a little, 
some  will  fall;  and  the  quantity  will  be  more  or  less,  according 


as  the  shoe  is  more  or  less  let  down  ; for  the  hopper  is  open  at 
bottom,  and  there  is  a hole  in  the  bottom  of  the  shoe,  not  directly 
umlei  the  bottom  of  the  hopper,  but  nearer  the  lowrst  end  of 
the  shoe,  over  the  middle  eye  of  the  millstone.  There  is  a 
square  hole  in  the  top  of  the  spindle,  in  which  is  put  the  feeder 
F ; this  feeder,  as  the  spindle  turns  round,  jogs  the  shoe  three 
times  in  each  revolution,  and  so  causes  the  corn  to  run  con- 
stantly down  from  the  hopper  through  the  shoe  into  the  etc  of 
the  millstone,  where  it  falls  upon  the  top  of  (lie  rynd,  and  is, 
hy  the  motion  of  the  rynd,  and  the  leather  under  it,  thrown 
below  the  upper  stone,  and  ground  between  it  and  the  lower 
one.  The  violent  motion  of  the  stone  creates  a centrifugal 
force  in  the  corn  going  round  with  it,  by  which  means  it  gets 
farther  and  farther  from  the  centre,  as  in  a spiral,  in  every 
revolution,  until  it  he  quite  thrown  out ; and  being  then  ground, 
it  falls  through  a spout,  called  the  mill-eye,  into  a trough. 

When  too  much  rorn  is  let  into  tbe  mill,  or  when  the  mill  is 
fed  too  fast,  the  corn  hears  up  the  stone,  and  is  ground  too 
coarse;  and  besides,  it  clogs  the  mill,  so  as  to  make  it  go  too 
slow.  When  the  mill  is  too  slowly  fed  it  goes  too  Inst,  and  the 
stones,  by  their  attrition,  are  apt  to  strike  fire.  Both  which 
inconveniences  are  avoided  by  turning  the  pin  S barkward  or 
forward,  which  draws  up  or  lets  down  the  shoe,  and  thus  regu- 
lates the  feeding,  as  is  found  convenient ; the  greater  the 
quantity  of  water  that  falls  upon  the  wheel,  and  the  heavier  the 
running  millstone  is,  the  faster  will  the  mill  hear  to  be  fed,  and 
consequently  it  will  grind  the  more.  And  on  the  contrary,  the 
, lighter  the  stone,  and  the  less  the  quantity  of  water,  so  much 
slower  must  the  feeding  he.  But  when  the  stone  is  considerably 
worn,  and  bccomr  light,  the  mill  must  he  fed  slowly  at  any 
' rate;  otherwise  the  stone  will  he  too  much  borne  up  by  the 
corn  under  it,  which  will  make  the  mcul  coarse.  The  power 
i sufficient  to  turn  a heavy  millstone,  is  hut  very  little  more  than 
what  is  necessary  to  turn  a light  one;  for  as  it  is  supported 
upon  the  spindle  by  the  bridge-tree,  and  the  end  of  the  spindle 
that  turns  in  the  brass  foot  therein  being  but  smalt,  the  differ- 
ence arising  from  the  weight  is  but  very  inconsiderable  in  its 
action  against  the  power  or  force  of  the  w ater. 

It  is  natural  the  corn  should  he  crushed  when  it  comes  tn  a 
place  where  the  interval  between  the  two  millstones  is  less 
than  its  thickness,  yet  the  upper  millstone  being  supported  on 
a point  which  it  can  never  quit,  it  docs  uot  so  clearly  appear 
why  it  should  produce  a greater  effect  when  it  is  heavy,  than 
when  it  is  light;  siqcc,  if  it  were  equally  distant  from  the 
nether  millstone,  it  could  only  he  capable  of  a limited  impres- 
sion : but  as  experience  proves  tint  this  is  really  tbe  case,  it  is 
necessary  to  discover  the  cause.  The  spindle  of  the  millstone 
being  supported  hy  a horizontal  piece  of  timber,  about  nine  or 
ten  feet  long,  resting  only  on  both  its  ends,  by  the  elasticity  of 
this  piece,  the  upper  millstone  is  allowed  a vertical  motion, 
playing  up  and  down;  by  which  movement,  the  heavier  the 
stones  are,  the  more  strongly  is  the  corn  pressed  between  them. 
Both  the  upper  and  under  millstones  have  channels  cut  into 
them,  (ire  jig*.  1 .V  2,  page  319,)  obliquely  from  the  centre  to  the 
circumference,  in  order  to  cut  and  grind  the  corn.  These 
furrows  are  cut  perpendicularly  on  one  side,  and  obliquely  on 
the  other,  which  gives  each  furrow  a sharp  edge;  and  in  the 
two  stones  they  come,  as  it  were,  against  one  another,  like  the 
edges  of  a pair  of  scissars,  and  so  cut  the  corn  to  make  it  grind 
the  easier,  when  it  falls  upon  the  places  between  the  furrows. 
These  arc  cut  the  same  way  in  both  stones,  when  they  lie  upon 
their  haoks.  which  makes  them  run  crossways  to  each  other 
when  the  upper  stone  is  iuverted,  by  turning  its  furrowed 
surface  towards  that  of  the  lower;  for  if  the  furrows  of  both 
stones  Jay  the  same  way,  a great  deal  of  the  corn  would  bo 
driven  onward  in  the  lower  furrows,  and  so  come  out  from 
between  the  stones,  without  being  cut  or  bruised.  Also  the 
grinding  surface  of  the  under  stone  is  a little  convex  from  the 
edge  to  the  centre,  and  that  of  the  upper  stone  a little  concave, 
so  that  they  are  farthest  from  one  another  in  the  middle,  and 
approaching  gradually  nearer  towards  the  edges.  By  this 
means  the  corn,  at  its  first  entrance  between  the  stones,  is  ouly 
, bruised  ; but  ns  it  goes  farther  on  towards  the  circumference 
| or  edge,  it  is  cut  smaller  and  smaller,  and  at  last  finely  ground, 
just  before  it  comes  out  from  between  them.  When  the  fur- 
• rows  become  blunt  or  shallow  by  wearing,  the  running  sioue 
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must  be  lake  a up,  ar.d  both  stones  new  drest  with  chisel  and 
hammer : and  every  lime  the  stone  is  taken  up,  there  must  be 
some  tallow  put  round  the  spindle  upon  the  bush,  which  will 
soon  be  melted  by  ihe  heat  die  spindle  acquires  from  its  turn- 
ing and  rubbing  against  the  bush,  and  so  will  get  in  betwixt 
them,  otherwise  the  bush  would  take  fire  very  soon. 

The  bush  must  embrace  the  spindle  quite  close,  to  prevent 
any  shake  in  the  motion,  which  would  make  some  parts  of  Ihe 
stones  grate  and  fire  against  each  other,  whilst  the  other  parts 
of  them  would  be  too  far  asunder,  and  by  that  means  spoil  tho 
meal.  Whenever  the  spindle  wears  the  bush,  so  as  to  begin 
to  shake  in  it,  the  stone  must  be  taken  up,  and  a chisel  driven 
into  several  parts  of  the  bush ; and  when  it  is  taken  out, 
wooden  wedges  must  be  forced  into  the  holes,  by  which  means 
the  bush  will  be  made  to  embrace  the  spindle  again,  close  all 
round.  In  doing  this,  great  care  must  be  taken  to  drive  cqnal 
wedges  into  the  bush  on  opposite  sides  of  the  spindle,  other- 
wise it  will  be  thrown  out  of  the  perpendicular,  and  so  hinder 
the  upper  stone  from  being  set  parallel  to  the  under  one,  which 
is  absolutely  necessary  for  making  good  work.  When  any 
accident  of  this  kind  happens,  the  perpendicular  position  of 
the  spindle  must  be  restored  by  adjusting  the  bridge-tree  with 
proper  wedges  between  the  braycr  and  it. 

It  frequently  occurs,  that  the  rynd  is  a little  wrenched  in 
laying  down  the  upper  stone  upon  it,  or  is  made  to  sink  a little 
lower  on  one  side  of  the  spindle  than  on  the  other,  and  this 
will  cause  one  edgo  of  the  upper  stone  to  drag  all  round  upon 
the  other,  while  the  opposite  edge  will  not  touch.  But  this  is 
easily  set  to  rights,  by  raising  the  stone  a little  with  a lever, 
and  putting  bits  of  paper,  cards,  or  thin  chips,  between  the 
rynd  and  the  stone. 

A less  quantity  of  water  will  turn  an  overshot  mill  (where 
the  wheel  has  buckets  instead  of  float-boards)  than  a breast- 
mill,  where  the  fall  of  water  seldom  exceeds  half  the  height  of 
the  wheel ; so  that  where  there  is  but  a small  quantity  of  water, 
and  a fall  great  enough  for  the  wheel  to  lie  under  it,  the  bucket, 
or  overshot  wheel,  is  always  used  ; but  where  there  is  a large 
body  of  water  with  a little  fall,  the  breast,  or  float-board  wheel, 
must  be  used.  Where  the  water  runs  only  upon  a small  decli- 
vity, it  can  act  but  slowly  upon  the  under  part  of  the  wheel ; 
in  which  case,  the  motion  of  the  wheel  w ill  he  slow,  and  there- 
fore the  floats  ought  to  be  very  long,  though  not  high,  that  a 
large  body  of  water  may  act  upon  them,  so  that  what  is  want- 
ing in  velocity  may  be  made  up  in  power:  and  then  the  cog- 
wheel may  have  a greater  number  of  cogs,  in  proportion  to  the 
rounds  in  the  trundle,  in  order  to  give  the  millstone  o sufficient 
degree  of  velocity. 

It  was  the  opinion  of  Smeaton,  that  the  powers  necessary  to 
produce  the  same  effect  on  an  undershot  wheel,  a breast- 
wheel.  and  an  overshot  wheel,  must  be  to  each  other  as  the 
numbers  2’4,  1-76.  and  1.  For  the  float-board  of  a river  mill  is 
impelled,  not  by  the  velocity  of  the  stream,  but  only  by  the  ex- 
cess of  this  above  the  velocity  of  the  board  itself.  In  the  under- 
shot wheel  a great  loss  of  power  is  occasioned  by  the  accumu- 
lation of  dead  water,  or  of  the  water  which  having  impinged 
against  the  float-board,  remains  nearly  stagnant,  and  therefore 
impedes  the  advance  of  the  next  float-board. 

In  the  Plate  of  Mills,  we  have  given  a section  of  a DOUBLE 
FLOUR  MILL,  of  which  A A is  the  water  wheel ; B B the 
shaft  or  axle;  CC  a wheel  fixed  upon  the  same  axle,  contain- 
ing 90  teeth,  or  cogs,  to  drive  the  piniou  : No.  1 having  23 
teeth,  which  is  fastened  upon  Ihe  vertical  shaft  D.  No.  2,  a 
wheel  fixed  upon  the  shaft  I),  containing  92  teeth,  to  turn  the 
two  pinions  F.  F.  having  15  teeth,  which  arc  fastened  upon  the 
iron  axles  or  spindles  that  carry  the  two  upper  millstones. 
E B,  the  beam  or  sill  that  supports  the  frame  on  w hich  the 
under  millslunrs  are  laid.  G G,  the  cases  or  boxes  that 
enclose  the  upper  millstones;  they  should  be  about  two  inches 
distant  from  the  stone  all  round  its  circumference.  TT.  the 
bearers,  called  bridges,  upon  which  the  under  end  of  the  Iron 
spindles  turn.  These  spindles  pass  upward  through  a hole  in 
the  middle  of  the  nether  millstones,  in  which  is  fixed  a wooden 
Lush  that  their  upper  ends  turn  in.  The  top  part  of  the 
spindles  above  eacfi  wooden  bush,  is  made  square,  and  goes 
Into  a square  bole  in  an  iron  cross,  which  is  admitted  Into 
grooves  In  the  middle  and  under  surface  of  the  upper  mill- 


stone. By  this  means  that  stone  Is  carried  round  along  with 
the  trundles  F F,  when  turned  by  the  wheel  No.  2,  One  end 
of  the  bridges  TT,  is  put  into  mortises  in  fixed  bearers,  and 
the  other  end  into  mortises  in  the  bearers  that  move  at  ono 
end  on  iron  bolts,  their  other  ends  hanging  by  iron  rods  having 
screwed  nuts,  as  U U,  so  that  when  turned  forward  or  back- 
ward, they  raise  or  depress  the  upper  millstones,  according  as 
the  miller  finds  it  necessary.  S S,  the  feeders,  in  the  under 
end  of  each  of  which  is  a square  socket  that  goes  upon  the 
square  of  the  spindles  above  the  iron  cross  or  rjnd,and  having 
three  or  four  branches  that  move  tbe  spout  or  shoe,  and  feed 
the  wheat  constantly  from  the  hoppers  into  the  hole  or  eye  of 
the  upper  millstone,  where  it  is  introduced  betwixt  the  stones, 
and  by  the  circular  motion  of  the  upper  stone  acquires  a centri- 
fugal force  ; and  proceeding  gradually  from  the  eye  of  the  mill- 
stone towards  the  circumference,  is  at  length  thrown  out  in 
flour  or  meal.  R R.  the  sluice,  machine,  and  handle,  to  raise 
the  sluice,  and  let  the  water  on  the  wheel  A to  drive  it  round. 
No,  3 is  a wheel  fixed  upon  the  shaft  D,  containing  44  teeth, 
to  turn  the  pinion  No.  4.  having  Id  teeth,  which  is  fastened 
upon  the  horizontal  axle  II.  On  this  axle  is  also  fixed  tho 
barrel  K,  on  which  go  the  two  leather  belts  that  turn  the  wire 
engine  and  bolting  mill.  L,  an  iron  spindle,  in  the  under  end 
of  which  is  a square  socket  that  lakes  in  a square  on  the  top 
of  the  gudgeon  of  the  vertical  shaft  D.  There  is  a pinion  M, 
of  9 teeth,  fixed  on  the  upper  end  of  the  spindle  L,  tu  turn  tho 
wheel  M M,  having  4d  teeth,  which  is  fastened  upon  the  axle 
round  which  the  rope  ZZ  rolls,  to  carry  the  sacks  of  flour  up 
t<>  the  cooling  benches.  By  pulling  (he  curd  O O a little,  the 
wheel  M M and  its  axle  are  put  into  motion,  in  consequence  of 
that  wheel  and  its  axle  being  moved  horizontally,  until  the 
teeth  of  the  wheel  are  brought  into  contact  with  those  of  the 
pinion  at  tho  top  or  the  spindle  L;  and  on  the  contrary,  by 
pulling  the  cord  P P,  tbe  wheel  M and  its  axle  are  moved  in 
the  opposite  horizontal  direction,  till  they  arc  thrown  ont  of 
gerr  with  the  pinion,  and  the  rotatory  motion  of  that  wheel 
stops-  But  when  the  sack  of  flour  is  mixed  up  to  the  lever  Q, 
it  pushes  up  that  end  of  the  lever,  and  of  course  the  other  end 
down  ; by  which  means  the  pinion  M is  disengaged,  and  thus 
that  part  of  the  machine  stops  of  itself.  N N arc  two  large 
hoppers,  into  which  the  clean  wheal  is  put  to  be  conveyed 
down  to  the  hoppers  S S.  placed  on  the  frame  immediately 
above  the  millstones.  W W,  the  side  wall  of  tho  millhouse. 
V,  the  couples  or  fiame  of  the  roof.  X X,  windows  to  li«htcu 
the  house. 

Undrr-Mii.lstoxk. — Fig.  I.  Fig.  I,  is  a correct  repre- 

sentation of  the  surface  of 
Iheundcrgrinding  millstone ; 
Ihe  way  of  laying  out  the 
roads  or  channels;  (he  wood- 
en bush  fixed  into  the  hole 
in  its  middle,  in  which  the 
upper  end  uf  the  iron  spindle 
turns  round  ; and  the  case 
or  hoops  that  surround  the 
upperone,  which  ought  to  bo 
two  inches  clear  of  the  stone 
all  round  its  circumference. 
Fig.  2,  is  the  upper  grinding 
millstone,  with  an  iron  cross 
or  ry  nd  in  its  middle  ; in  tho 
centre  of  w hich  is  a square 
hose  that  takes  in  a square 
on  the  lop  of  the  iron  spin- 
dle, to  carry  round  the  mill- 
stone. When  the  working 
sides  or  faces  of  the  mill- 
stones are  laid  uppermost, 
the  roads  (or  channels)  must 
lie  in  the  same  direction  in 
both;  so  that  when  the  up- 
per stone  is  turned  over,  and 
its  surface  laid  upon  the 
under  one,  then  the  channel 
may  cross  each  other,  which 
assists  in  grinding  and  throw- 
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tog  mil  the  flour;  the  sharp  edffes  of  the  two  furrow*  (hen  cut- 
ting against  each  other  like  scissors.  The  roads  are  likewise 
laid  out  according  to  the  way  the  upper  stone  revolves.  In 
those  represented  in  the  figures  the  running  millstone  is  sup- 
posed to  turn  *»» in-way,’  or  ns  in  what  is  called  a right-handed 
mill;  but  it'  the  stone  revolves  the  other  way.  the  channels  must 
he  reversed,  and  then  the  mill  is  termed  a left  handed  one. 

When  the  diameter  of  the  upper  stone  is  about  6 feet,  as  is 
generally  the  case,  the  lower  is  about  an  inch  more:  the  upper 
stone  then  contains  about  *224  cubic  feet,  and  weighs  rather 
more  than  19,000  pounds.  A stone  of  this  kind  ought  never  to 
revolve  more  than  ft)  or  70  times  in  a minute  ; for  a more 
rapid  motion  would  heat  the  meal.  Nor  must  the  water  wheel 
bo  tuo  large,  for  in  that  case  its  angular  motion  will  he  too 
slow ; on  the  contrary,  if  the  wheel  be  too  small,  it  w ill  be 
deficient  in  moving  power ; 18  feet  diameter  is  recommended 
as  a proper  medium.  Ferguson,  on  the  supposition  that  the 
floats  of  the  wheel  ought  to  move  with  a third  part  of  the 
velocity  of  the  water — a supposition,  however,  not  strictly  con- 
sistent rither  with  theory,  or  with  Smeaton's  experiments — gives 
the  following  rules  for  constructing  the  chief  parts  of  the  mill. 

1.  Measure  the  perpendicular  height  of  the  fall  of  water  in 
feet  above  that  part  of  the  wheel  on  which  the  water  begins  to 
act,  and  call  that  the  height  of  the  fall.  2.  Multiply  this  con- 
stant number  01-2892 (or  rather  04* ) l*y  the  height  of  tbe  fall  in 
feet,  and  extract  the  square  root  of  the  product,  which  will  be 
the  velocity  of  the  water  at  the  bottom  of  the  fall,  or  the  num- 
ber of  feet  tho  water  moves  per  second.  3.  Divide  the 
velocity  of  the  water  by  3,  and  the  quotient  will  be  the 
velocity  of  Uie  floats  of  the  wheel  in  feet  per  second.  4. 
Divide  tbe  circumference  of  the  wheel  in  feet,  by  the  velocity 
of  its  floats,  and  tbe  quotient  will  be  the  number  of  seconds 
in  one  turn  or  revolution  of  the  great  water  wheel,  on  the  axis 
of  which  is  fixed  the  cog  wheel  that  turns  the  trundle.  A. 
Divide  00  by  the  number  of  seconds  in  one  tarn  of  the  water 
wheel  or  cog-wheel,  and  the  rjuotient  will  be  the  number  of 
turns  of  either  of  these  wheels  in  a minute.  6.  Divide  ft)  (the 
number  of  turns  the  millstone  ought  to  have  in  a minute)  by 
the  abovesaid  number  of  turns,  and  the  quotient  will  be  the 
number  of  turns  tbe  millstone  ought  to  have  for  one  turn  of  the 
water  or  cog  wheel.  Then,  7.  As  the  required  number  of  turns 
of  the  millstone  in  a minute  is  to  the  number  of  turns  of  the 
cog  wheel  in  a minute,  so  must  the  number  of  cogs  in  the 
wheel  be  to  the  number  of  staves  or  rounds  in  the  trundle  on 
the  axis  of  the  millstone,  in  the  nearest  whole  number  that  can 
be  found. — By  these  rules  the  following  table  is  calculated,  in 
which  the  diameter  of  the  water  wheel  is  supposed  18  feet,  and 
consequently  its  circumference  56J. 

The  Millwright's  Table. 
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Fenwick's  experiments  on  some  of  the  best  mills  for  grind- 
ing corn,  were  undertaken  to  form  tbe  follow  ing  tables,  illus- 
trative of  the  effect  of  a given  quantity  of  water,  in  a given 
time,  applied  to  an  overshot  water  wheel  of  a given  size.  The 
millstoucs  were  from  4)  to  6 feet  diameter,  and  made  from  90 
to  190  revolutions  per  minute.  And  the  result  was,  that  tbe 
power  requisite  to  raise  a weight  of  300  lbs.  avoirdupoise,  with 
a velocity  of  190  feet  a minute,  would  grind  one  boll  of  good 
rye  in  an  hour ; but  to  avoid  imperfections,  it  is  taken,  for  prac- 
tice, at  300  ll»s.  raised  with  a velocity  of  210  feet  per  minute 
(being  one-tenth  more);  and  fur  grinding  2,3,  4,  or  6,  bolls  of 
rye  per  hour,  requirrsa  power  =:  300  lbs.  raised  with  the  velocity 
of  3ft),  600,  077,  or  805  feet  a minute  respectively. 

The  difference  of  the  power  requisite  to  grind  equal  quanti- 
ties of  wheat  from  that  for  rye,  is  very  trifling.  The  boll  is 
four  bushels  Winchester  measure  ; two  bolls  arc  therefore  one 
quarter.  The  power  necessary  to  raise  a weight  of  300lbs. 
avoirdupoise,  with  a velocity  of  390  feet  per  minute,  will  pro- 
perly prepare  one  ton  of  old  rope  per  week,  for  the  purpose  of 
making  paper  ; and  fur  grinding  down  in  like  manner  two  tons 
of  the  same  material  in  a week,  we  should  want  a power  able  to 
raise  300  lbs.  with  a velocity  of  626  feet  in  a minute,  to  work 
the  mill  12  hours  daily. 

Tables,  skewing  the  Quantity  of  Water  ( Ale  Measure)  requisite 
to  grind  different  quantifies  of  Corn,  from  1 to  6 Bolls  ( If  r*- 
ehesttr  Measure)  per  hour,  applied  to  overshot  Water-Wheels, 
from  10  to  32  feel  diameter  ; also  the  sise  of  the  Cylinder  of 
the  common  Steam-  Engine  to  do  the  same  work. 


Tbe  water-wheel  10  feet  diam.  I Tbe  water-wheel,  16 feet  diam- 
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The  water-wheel,  12 feet  diam. 

The  water-wheel,  18  feet  diam. 
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initiate. 

minul*. 

1 

055 

12*6 

1 

440 

12*5 

H 

873 

14  6 

11 

695 

14  6 

2 

1091 

1675  | 

2 

730 

lf-75 

21 

1313 

18*5 

21 

860 

185 

3 

1676 

20  2 

3 

1054 

202 

31 

18-10 

2175 

31 

1227 

21*76 

4 

2117 

23*25  i 

1 4 

MINI 

23  25 

41 

2 106 

2475  | 

4| 

1000 

2475 

5 

2700 

26  25 

5 i 

1800 

26  26 

The  water-wheel,  14  feet  diam.  | 

The  water- wheel,  20  feet  diam. 

Molls  |*«*T 

Water, 

Cylinder,  in  j 

Boll*  par' 

i Water,  1 

Cylinder,  in 

boar. 

gallon*  per 
minute. 

int-bca. 

boar.  | 

gallons  per  I 
minute. 

inches. 

1 

! 664 

12-5  | 

! i ’ 

392 

126 

II 

740 

14-6  1 

ii 

530 

146 

2 

927 

16*75 

2 

675 

10  75 

24 

1140 

18*6 

21 

808 

18  5 

3 

1353 

20  2 

3 

945 

20*2 

31 

1583 

21*75  ; 

31 

1110 

21  76 

4 

1811 

23  25  | 

4 

1270 

23  26 

4* 

20ft) 

2475 

41 

1445 

2176 

5 

1 2906 

26*25  t 

5 

1623 

26  26 
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The  water-wheel.  22  feet  diam.  \ 

The  water-wheel,  28  feet  diam. 

Dol  . per 
boar. 

Water, 
gallon*  per 

Cylinder.  in 
inckri.  i 

Dolls  per 
boar. 

Water, 
gallon*  per 

Cylinder,  in 
indies. 

minute. 



minute. 

1 

360 

12*5 

1 

282 

12-6 

11 

473 

14  6 

U 

370 

14  6 

2 

504 

16-76  I 

% 

463 

1675 

21 

722 

18*5 

2l 

570 

i 18*6 

3 

800 

20*2 

3* 

676 

20*2 

81 

1007 

21-75 

3J 

791 

21  76 

4 

1153 

23-25 

4 

905 

23  25 

4J 

1313 

24-75 

*4 

1030 

21-75 

6 

1472 

26-26 

5 

1 1163 

26  26 

The  water-wheel,  24  feet  diam- 

i The  water-wheel,  30  feel  diam. 

Boll*  per 
hour. 

Water,  | 
gallons  per 
minute. 

Cylinder,  in 
inches. 

Bolla  per 
hour. 

Water.  1 
gallon*  prr  | 
■ianttf. 

Ci  Under,  in 
inches. 

1 

327 

12-5 

1 

267 

12-5 

14 

430  1 

14  6 

14 

356  i 

14*6 

2 

645 

16  75  j 

2 

447 

16*76 

24 

671 

166 

24 

545  i 

18  6 

3 

788 

20  2 

1 3 

6-16 

20  2 

34 

920 

21-75 

34 

760 

21-75 

4 

1065 

23  25 

4 

858 

23  25 

44 

1204 

24-75 

44 

963 

24-76 

6 

1360 

26-25 

6„ 

1106 

26-26 

The  water-wheel,  26 feet  diam.  | 

The  water  wheel,  32  feet  diam. 

Boll*  per 
boar. 

Water, 
gallon*  per 
minute. 

Cylinder,  in 
inches. 

Boll*  per 
boar. 

W ater, 
gallons  per 
uiante. 

^Cylinder,  in 
I inches. 

1 

303 

12*5 

1 

245 

126 

14 

403 

146 

14 

326 

14*6 

2 

604 

16  75 

2 

406 

16'75 

24 

617 

18*5 

24 

496 

18-6 

3 

730 

202 

3 

688 

202 

34 

862 

21*75 

34 

600 

21-76 

4 

976 

2326 

4 

791 

23-26 

44 

1111 

24-75 

44 

900 

24-75 

6 

1247  , 

26-25 

6 

1012 

26-25 

A Rule  to  make  the  foregoing  Table  applicable  to  Mill s intended 
to  be  turned  by  undershot  or  breast  Water-wheels.— The  power 
required  on  an  undershot  water-wheel,  to  produce  an  effect 
equal  to  that  of  an  overshot,  (to  which  the  tables  arc  applicable.) 
is  as  2 4 to  1 ; and  also  the  power  required  on  a breast  water- 
wheel, which  receives  the  water  on  some  point  of  its  circum- 
ference, and  afterwards  descends  on  the  ladle  boards,  to  pro- 
duce an  equal  effect  with  an  overshot  water-wheel,  is  as  1*76 
to  I. 


Tails,  shewing  the  necessary  Sire  of  tie  Cylinder  of  a common 
Steam- Engine  to  grind  different  quantities  of  Com,  from  1 to 
12  Bolls  (A  to  48  Bushels,  Winchester  Measure ) per  hour. 


Dlunetrr  of  the 

per  hour. 

2» 

3| 

4 

23-25 

41 

24  75 

6 

51 

6 

01 

Bolt*  of  Corn 
(round 
par  bonr. 

7  

»t 

8  

Diameter  oftha 
Cylinder 
In  Inc baa 

61 

9 

34-2 

»1 

10 

101 

11  

HI 

12 

N.D.  Tbit  table  will  be  applicable  to  any  improved  steam-engine,  sawell 
a a that  of  tbe  common  kind,  if  the  ratio  of  their  efficacies  is  known. 

34. 


The  Application  of  the  foregoing  Tables.  Example  1.  If  a 
stream  of  water,  producing  808  gallons,  ale  measure,  per 
minute,  ran  be  applied  on  an  overshot  water-wheel  20  feet 
diameter,  what  quantity  of  corn  will  it  bo  able  to  grind  per 
hour! — Look  in  the  tables  under  a 20  feet  water-wheel,  and 
opposite  808  gallons  will  be  found  24  bolls  of  corn  ground  per 
hour. 

2.  If  a stream  of  water,  producing  ROB  gallons,  ale  measure, 
per  minute,  can  be  applied  to  an  undershot  water-w  heel  20  feet 
diameter,  what  quantity  of  corn  can  it  grind  per  hour?— Ilia 
found  by  the  tables,  that  if  applied  on  an  overshot  water- 
wheel 20  feet  diameter,  the  stream  will  grind  2|  bolls  per  hour; 
and  from  the  rule  preceding  the  last  table,  the  power  required 
by  the  undershot  to  that  of  the  overshot  water-wheel,  to  pro- 
duce an  equal  effect,  being  as  2 4 to  I,  therefore,  as  2 4 : 1 : : 
2 6 : 1*04  bolls  of  corn  ground  per  hour  by  means  of  tbe  stream. 

3.  If  a stream  of  water,  producing  808  gallons,  ale  measure, 
per  minute,  can  be  applied  on  a breast  water-wheel  20  feet 
diameter,  what  quantity  of  corn  can  it  grind  per  hour !—  It  i< 
found  by  the  tallies,  that  if  applied  on  an  overshot  water  wheel 
of  equal  size,  2J  brills  of  corn  will  be  ground  per  hour;  and 
from  the  rule  above,  tbe  power  of  n breast  water-wheel  to  that 
of  an  overshot  water-wheel,  to  produce  an  equal  effect,  is  as 
176  to  1,  therefore,  as  I “6  : I ; : 2*6  : 1*42  bolis  of  corn 
ground  per  hour  by  the  stream. 

4.  Of  what  diameter  must  the  rj  Under  of  n common  steam- 
engine  be  made,  to  grind  10  hulls  of  corn  per  hour  ? — By  look- 
ing in  the  foregoing  table,  opposite  10  bolls  ground  per  hour, 
the  diameter  of  the  steam  cylinder  will  be  found  to  he  80  inches. 

FLOWER,  Flos,  the  most  beautiful  part  of  trees  am!  plant*, 
containing  the  organs  or  parts  of  fructifination.  The  method 
of  preserving  flowers  in  their  natural  beauty  hat  been  much 
sought  after.  The  following  method  does  well i—  Gather  the 
flowers  when  they  are  not  thoroughly  open,  in  the  middle  of  a 
dry  day,  put  them  into  a glazed  earthen  vessel ; fill  this  to  the 
top  with  them,  and  when  full,  sprinkle  them  over  with  some 
French  wine,  with  a little  salt  in  It ; then  set  them  by  in  a 
cellar,  tying  down  the  mouth  of  the  pot.  After  this  they  niny 
be  taken  out  at  pleasure ; and  on  setting  them  in  the  sun,  or 
within  the  reach  of  the  fire,  they  will  open  as  if  growing  natu- 
rally ; and  not  only  the  colour,  bnt  the  odour  also,  will  be 
preserved.  Most  persons  can  try  and  verify  this  experiment. 

Flower  dr  Lis,  or  Flower  de  Lure,  in  Heraldry,  a hearing 
representing  the  lily,  called  the  queen  of  flowers,  and  the  true 
hieroglyphic  of  majesty. 

FLO  WING,  the  position  of  the  sheets  or  lower  comers  of 
the  principal  sails  when  they  are  loosened  to  the  wind,  so  as 
to  receive  it  more  nearly  perpendicular  than  when  they  are 
close  hauled,  although  more  obliquely  than  when  going  before 
the  wind  ; a ship  is  therefore  said  to  have  a flowing  sheet,  when 
the  wind  crosses  tbe  line  of  her  course  nearly  at  right  angles, 
that  is  to  say,  a ship  steering  due  north  with  tbe  wind  at  the 
cast,  or  directly  on  her  side,  will  have  a flowing  sheet ; whereas 
if  (he  sheets  were  extended  close  aft,  she  would  sail  two  points 
nearer  the  wind,  rix.  N.N.  E. 

FLU  ATS,  in  Chemistry,  salts  first  discovered  by  Scheele, 
and  distinguished  by  the  following  properties.  When  sulphu- 
ric acid  is  poured  upon  them  they  emit  acrid  vapours  of  fluorio 
acid,  which  corrode  glass.  When  heated,  several  of  them 
phosphoresce.  They  are  not  decomposed  by  heat,  nor  altered 
by  combustibles.  They  combine  with  silica  by  means  of  heat. 
Most  of  them  are  sparingly  soluble  in  water. 

FLUENT,  in  Fluxions,  the  flowing  quantity,  or  that  which 
is  continually  Increasing  or  decreasing. 

FLUID,  or  Fluid  Body,  is  that  whose  parts  yield  to  the 
smallest  force  impressed  upon  tbcm,  and  which  by  yielding  are 
easily  moved  amongst  each  other  ; in  this  sense  a fluid  stands 
opposed  to  a solid,  whose  parts  do  not  yield,  but  constantly 
maintain  the  same  relative  situation.  The  fluidity  of  bodies  is 
accounted  for  by  supposing  them  made  up  of  infinitely  small 
particles,  possessing,  with  regard  to  each  other,  an  attrac- 
tive and  repulsive  power,  which  being  equal,  places  the  w hole 
system  in  equilibrium,  whereby  it  obeys  any  external  force 
impressed  upon  it.  This  hypothesis  evidently  places  the  seve- 
ral particles  of  a fluid  at  small  distances  from  each  other,  and 
consequently  supposes  them  to  be  porous,  or  to  possess  certain 
4 N 
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vacuities,  the  existence  of  which  may  be  demonstrated  from  ' 
various  experiments.  Thus,  w ater  will  dissolve  a certain  quan- 
tity of  salt ; after  w hich  it  will  absorb  a little  sugar,  and  after 
that  a little  alum  ; and  all  this  without  increasing  its  bulk: 
which  evidently  shews,  that  the  particles  of  these  solids  arc  so 
far  separated  as  to  become  smaller  than  the  vacuities,  or 
interstices,  betw  een  the  particles  of  the  fluid  or  water. 

Fluids  are  divided  into  Elastic  and  Non-elastic.  Elastic 
Fu  ins,  arc  those  which  may  be  compressed  into  a smaller 
compass,  but  w hich,  on  removing  the  pressure,  resume  attain 
their  former  dimensions  ; as  air,  and  the  various  gases. 
rltutic  Fluids,  are  those  which  occupy  the  same  hulk  under  all 
pressures,  or,  if  they  be  at  all  compressible,  it  is  in  a very 
trilling  degree  ; such  os  water  and  other  liquids. 

FLUOR.  This  spar  may  be  divided  into  three  species,  com- 
pact, foliated,  and  earthy.  The  second  species  is  most  abun- 
dant. and  is  usually  called  in  England,  Derbyshire  spar. 
Berzelius  found  its  constituents  to  bo  751*1  lime,  and  27*0 
fluoric  acid.  It  is  cut  into  a variety  of  ornamental  forms. 
When  two  pieces  are  rubbed  together  in  the  dark,  they  phos- 
phoresce with  a blue  and  green  light.  Sulphuric  acid  evolves 
llouric  fumes  which  corrode  glass. 

FLUORIC  Acid,  is  found  in  combination  with  calcareous 
earth,  io  Derbyshire  spar.  If  the  pure  spar  be  placed  in  a 
retort  of  lead  or  stiver,  with  a receiver  of  the  same  metal 
wdapted,  and  its  weight  of  sulphuric  acid  be  then  poured  upon 
it,  the  fluoric  acid  will  be  disengaged  with  a moderate  heat. 
This  aeid  rcadidly  combines  with  water,  for  which  purpose  it  is 
necessary  that  the  receiver  should  be  previously  half  filled  with 
that  fluid.  This  arid  attacks  glass,  and  corrodes  it;  and  it  lias 
been  employed  in  etching  figures  on  glass:  the  whole  glass 
must  be  covered  with  a thin  coating  of  wax.  in  which  the  figure 
is  to  be  traerd,  so  as  to  leave  bare  the  parts  intended  to  he 
acted  upon.  This  acid  consists  of  oxygen,  and  its  base  fluor. 

FLUORINE,  in  Chemistry,  a substance  that  has  never  yet 
been  detected  in  an  uncombioed  state.  There  is  reason,  how- 
ever, to  believe  it  is  an  elementary  substanoe.  With  hydrogen 
it  forms  fluoric  acid.  Combined  with  fluor  it  forms  the  fluoric 
acid. 

FLURRY,  a light  breeze  of  wind  shifting  to  different  places, 
and  causing  a little  ruining  on  the  calm  surface  of  the  sea. 

FLUTE,  Fistula,  wind,  nn  instrument  of  music.  The  tones 
or  notes  are  changed  by  stopping  and  opening  the  holes  dis- 
posed for  that  purpose  along  its  side.  The  ancient  fistula?,  or 
flutes,  were  made  of  reeds,  afterwards  of  wood,  and  last  of 
metal.  Flutes  are  now  sometimes  made  of  glass. 

Flute,  German,  Is  an  instrument  different  from  the  common 
flute  ; instead  of  being  put  into  the  mouth  to  be  played,  the  end 
is  stopt  with  a plug,  and  the  lower  lip  is  applied  to  a hole  about 
two  inches  and  a half,  or  three  inches,  distant  from  the  end. 
It  is  pciforaled  with  holes,  the  lowest  of  which  is  stopped  and 
opened  by  the  little  finger's  pressing  on  a brass  or  silver  key. 

Flutes,  or  Elutings , in  Architecture,  perpendicular  channels, 
or  cavities,  cut  along  the  shaft  of  a column  or  pilaster. 

FLUX, in  Metallurgy,  is  sometimes  used  synonymously  with 
fusion;  for  instance,  an  ore.  or  rather  matter,  is  said  he  in 
liquid  flux  when  it  is  completely  fused.  But  the  word  flux  is 
generally  used  to  signify  certain  saline  matters,  which  facilitate 
the  fusion  of  ores,  anti  other  substances  which  are  not  easily 
fusible  in  assays,  and  in  the  reduction  of  ores.  In  the  large 
way,  limestone  and  fusible  spar  arc  used  ns  fluxes.  The  fluxes 
used  in  assays,  or  philosophical  experiments,  consist  usually 
of  alkalies,  which  render  the  earthy  mixtures  fusible,  by  convert- 
ing them  into  glass ; or  else  glass  itself  in  powder.  Alkaline 
fluxes  are  either  the  crude  flux,  the  white  flux,  or  the  black 
flux.  Crude  flux  is  a mixture  of  nitre  and  tartar,  which  are  put 
into  the  crucible  with  the  mineral  intended  to  be  fused.  The 
detonation  of  the  nitre  with  the  inflammable  mutter  of  the  tar- 
tar, is  of  service  in  some  operations ; though  generally  it  is 
attended  with  inconvenience  on  account  of  the  swelling  of  the  j 
materials,  which  may  throw  them  out  of  the  vessel,  if  proper 
care  be  not  taken  either  to  supply  only  a little  of  the  mixture 
at  a time,  or  to  procure  a large  vessel.  While  flux  is  formed  by 
projecting  equal  parts  of  a mixture  of  nitre  and  tarlar,  by 
moderate  portions  at  a time,  into  nn  ignited  crucible.  Iu  the  1 
detonation  which  ensues,  the  nitric  acid  is  decomposed,  and 


! flies  off  with  the  tartaric  add.  nnd  the  remainder  consists  of 
the  potash  in  a state  of  considerable  purity.  This  has  been 
. called  fined  nitre.  Black  flux  differs  from  the  preceding,  in 
the  proportion  of  i'.s  ingredients.  In  this  the  weight  of  the 
tartar  is  double  that  of  the  nitre ; on  which  account  the  com- 
bustion is  incomplete,  and  a considerable  portion  of  the  tartaric 
acid  is  decomposed  by  the  mere  beat,  and  leaves  a quantity  of 
coal  behind,  on  which  the  black  colour  depends.  It  is  used 
where  it  is  intended  to  reduce  rnetaliic  ores,  aud  effects  it  by 
uniting  with  the  oxygen  of  the  oxide. 

Fli'k,  in  Medicine,  an  extraordinary  issue,  or  evacuation,  of 
some  humours  of  the  body. 

FLUX  ION,  in  the  Newtonian  Analysis,  denotes  the  velocity 
with  which  a flowing  quantity  increases  by  its  generative 
motion,  by  which  it  stands  contradistinguished  from  a fluent, 
or  flowing  quantity,  which  is  constantly  and  indefinitely  increas- 
ing, after  the  manner  that  a surface  is  described  by  the  motion 
of  a line,  or  a solid  by  the  motion  of  a surface.  Or  a fluxion 
may  be  otherwise  defined,  as  the  magnitude  by  which  any 
flowing  quantity  would  be  uniformly  increased  in  a given  por- 
tion of  time,  with  the  generating  celerity  at  any  proposed 
position  or  instant,  supposing  it  thence  to  continue  invariable. 

Fluxional  Analysis,  is  the  algorithm,  or  analysis  of  fluxions 
and  flowing  quantities,  distinguishable  from  the  differential 
calculus  both  by  its  metaphysics  and  notation,  but  in  all  other 
respects  the  two  methods  are  identical. 

The  invention  of  the  fluxional  analysis  does  more  honour  to 
the  powers  of  the  human  mind,  than  perhaps  any  discovery  of 
this  or  aoy  preceding  age;  it  opens  to  us  a new  world,  and 
extends  our  knowledge  as  it  were  to  infinity  ; it  carries  us 
beyond  those  bounds  which  seem  prescribed  to  our  mental 
powers,  and  leads  to  investigations  and  results  which  must  other- 
wise have  for  ever  remained  in  impenetrable  obscurity.  And 
without  entering  into  all  the  proofs  we  could  adduce  in  support 
of  our  assertion,  wc  ascribe  the  glory  of  this  invention  to  Sir 
Isaac  Newton,  though  it  has  been  also  claimed  on  the  continent 
for  Lcibnits.  Hot  as  we  do  not  intend  to  enter  upon  this 
subject  here,  the  reader  will  not  expect  a minute  detail  of  tho 
principle  of  fluxions.  It  will  be  sufficient  to  observe,  that  all 
finite  magnitudes  are  here  conceived  to  be  resolved  into  infi- 
nitely small  ones,  supposed  to  be  generated  by  motion,  as  a 
line  by  the  motion  of  a point,  a superficies  by  a line,  and  a solid 
by  a superficies;  of  which  they  are  the  elements,  moments,  or 
differences.  The  art  of  finding  these  infinitely  small  quanti- 
ties, or  the  velocities  by  which  they  are  generated,  and  of 
working  on  them,  and  discovering  other  infinite  quantities  by 
their  means,  makes  what  is  called  the  Direct  Method  of 
Fluxions . And  the  method  of  finding  the  flnents  or  flowing 
uantities,  these  fluxions  being  given,  is  what  constitutes  the 
nrerse  Method. 

What  renders  the  knowledge  of  infinitely  small  quantities  of 
socb  great  use  and  extent  is,  that  they  have  relations  to  each 
other,  which  the  finite  magnitudes,  whereof  they  are  the  infi- 
nitesimals, have  not.  Thus  for  example,  in  a curve  of  any 
kind  whatever,  the  infinitely  small  differences  of  the  ordinate 
and  absciss  have  the  ratio  to  each  other,  not  of  the  ordinate 
nnd  absciss,  but  of  the  ordinate  and  subtangent ; and  of  con- 
sequence, the  absciss  and  ordinate  being  known,  will  give  the 
subtangent ; or,  which  amounts  to  the  same,  the  tangent 
itself. 

Isolation. — The  method  of  notation  in  fluxions,  introduced 
by  the  inventor.  Sir  Isaac  Newton,  is  as  follows : — The  variable, 
or  flowing  quantity,  to  be  uniformly  augmented,  as  suppose 
the  absciss  of  a curve,  he  denotes  by  the  final  letters  v,  x,  y,  x ; 
and  their  fluxions  by  the  same  letters  with  dots  placed  over 
them,  thus,  r,  x,  y,  g.  And  the  initial  letters,  a,  b,  e,  d,  &c. 
are  used  to  express  invariable  quantities. 

Again,  if  the  fluxions  themselves  are  also  variable  quantities, 
nnd  are  continually  increasing  or  decreasing,  be  considers  the 
velocities  with  which  they  increase  or  decrease,  as  the  fluxions 
of  the  former  fluxions  or  second  fluxions,  which  are  denoted  by 
two  dots  over  them,  thus,  y x x. 

After  the  same  manner,  one  may  consider  the  increase  and 
I diminution  of  these,  as  their  fluxions  also,  and  thus  proceed  to 
the  third,  fourth,  &c.  fluxions,  which  will  be  denoted  thus* 
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y x z : y x z.  Lastly,  if  the  flowing  quantity  be  a surd,  as 
*/x  — y,  he  denotes  its  fluxion  by  (>/x  — y)* ; if  a fraction 

-7—— — it  is  denoted  by  ( **  ) Sometimes,  however,  the 
d — 9 J\d  — y' 

fluxions  of  compound  quantities  are  expressed  by  placing  the 
Letter  F.  or/ before  them,  thus,  instead  of  (./(*  — y)  )*»  is 
written  F.  j («  — y)  or  f.y/(x  — y).  We  shall,  however, 
in  the  following  article,  denote  the  fluxion  by  F,  and  the  fluent 
by  /. ; so  that, 

F-  '/(*-»>  ^denote 

F.  *+ML  Iduxion,  of*  x+ll’ 

^ + * y v b + * 

/.  X V (*  + “•)')  dcool.  the(  * ^ + *■ ^ 

^ * t > < » 1 


FLY,  is  a name  given  to  a certain  appendage  to  many 
machines,  either  as  a regulator  of  their  motions,  or  as  a collector 
of  power.  When  used  as  a regulator,  the  fly  is  commonly  a 
heavy  disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right 
angles  to  it;  though  sometimes  a regulating  fly  consists  of 
vanes  or  wings,  which,  as  they  arc  whirled  round,  meet  with 
considerable  resistance  from  the  air,  and  thus  soon  prevent 
any  acceleration  in  the  motion  ; hut  this  kind  of  regulator 
should  rarely,  if  ever,  be  introduced  in  n working  machine,  as 
it  wastes  much  of  the  moving  force.  When  the  fly  is  used  as 
a collector  of  power,  it  is  frequently  seen  in  the  form  of  heavy 
knobs  at  the  opposite  ends  of  the  straight  bar,  as  in  the  coin- 
ing press. 

Fly  of  an  Ensign,  Pendant,  kc.  the  breadth  or  extent  from 
the  staff  to  the  extreme  edge  or  end  that  flutters  loose  in  the 
wind. 

Fly  Boat,  or  Flight,  a large  lint  bottomed  Dutch  vessel, 
whose  burden  is  generally  from  4 to  000  tons : it  is  distinguished 
by  a stem  remarkably  high,  and  by  very  broad  buttocks  below. 

FLYERS,  in  Architecture,  such  stairs 
as  go  straight,  and  do  not  wind  round, 
or  have  the  steps  made  tapering ; but 
the  fore  and  back  part  of  each  stair,  and 
the  ends  respectively  parallel  to  oue 
another,  as  in  the  annexed  figure.  So 
that  if  one  flight  do  not  carry  you  to  yonr 
designed  height,  there  is  n broad  half 
space  ; and  then  you  fly  again,  with  steps 
ns  before,  every  where  of  the  same 
breadth  and  length  as  in  the  diagram. 

FLYING  Pinion,  is  part  of  a clock, 
having  a fly,  to  gather  air,  and  restrain 
the  rapidity  of  the  clock’s  motion. 

FLYING,  the  progressive  motion  of  a bird,  or  otlier  winged 
animal,  in  the  liquid  air.  The  parts  of  birds  chiefly  concerned 
in  flying,  are  the  wings,  by  which  they  are  sustained  or  wafted 
along.  The  manner  of  flying  is  thus  : — The  bird  first  bends  bis 
legs,  and  springs  with  a violent  leap  from  the  ground,  then 
opens  and  expands  the  joints  of  its  wings,  so  as  to  make  a 
rt^ht  line  perpendicular  to  the  sides  of  his  body ; thus  the 
wings,  with  all  the  feathers  therein,  constitute  one  continued 
lamina.  Being  now  raised  a little  above  the  horizon,  and 
vibrating  the  wings  with  great  force  and  velocity  perpendicu- 
larly against  the  subject  air,  that  fluid  resists  those  successions, 
both  from  its  natural  inactivity  and  elasticity,  by  means  of 
which  the  whole  body  of  the  bird  is  protruded.  The  resistance 
the  air  makes  to  the  withdrawing  of  the  wings,  and  conse- 
quently the  progress  of  the  bird,  will  be  so  much  the  greater,  as 
the  waft  or  stroke  of  the  fan  of  the  wing  is  longer. 

FOCUS,  in  Optics,  is  a point  wherein  several  rays  concur,  or 
are  collected,  after  having  undergone  either  refraction  or  reflec- 
tion. This  point  is  thus  denominated,  because  the  rays  being 
tiorc  brought  together  and  united,  their  joint  effect  is  sufficient 
to  burn  bodies  exposed  to  their  action  ; and  hence  this  point  is 
called  the  fonu,  or  burning  point  It  must  be  observed,  how- 
ever, that  the  focus  is  not,  strictly  speaking,  a point ; for  the 
rays  are  not  accurately  collected  into  one  and  the  same  place 
or  point;  owing  to  the  different  nature  and  rcfrangibility  of 
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the  rays  of  light,  to  the  imperfections  in  the  figure  of  the  lens, 
and  other  similiar  impediments.  The  focus,  therefore,  is  a 
small  circle  which  Huygens  has  demonstrated  to  be  one-eighth 
the  thickness  of  the  lens,  when  it  is  convex  on  both  sides  ; that 
is,  it  cannot  be  less  than  this,  but  in  imperfect  glasses  it 
exceeds  the  above  measure  sometimes  considerably. 

Virtual  Focus,  or  Point  of  Divergence,  so  called  by  Mr.  Moly- 
neux,  is  (he  point  from  which  rays  tend  after  refraction  or 
reflection ; being  in  this  respect  opposed  to  the  ordinary 
focus,  or  point  of  concurrence,  where  rays  are  made  to  meet 
after  refraction  or  reflection.  Thus,  the  foci  of  an  hyperbola 
are  mutually  virtual  foci  to  each  other;  but  in  an  ellipse,  they 
are  common  foci  to  each  other  ; for  the  rays  are  reflected  from 
the  other  focus  in  the  hyperbola,  hut  towards  it  in  the  ellipse. 

Practical  Rules  fur  finding  the  Foci  of  Glasses, — I.  To  find 
by  experiment,  the  focus  of  a convex  spherical  glass,  being  of 
a small  sphere;  apply  it  to  the  end  of  a scale  of  inches  and 
decimal  parts,  of  a convenient  length,  and  expose  it  before  the 
sun  ; upon  the  scale  may  be  seen  the  briglh  intersection  of  the 
rays  measured  out : or,  expose  it  in  the  w hole  of  a dark  cham- 
ber; and  where  a while  paper  receives  the  distinct  representa- 
tion of  distant  objects,  there  is  the  focus  of  the  glasses.  2. 
For  a glass  of  a pretty  long  focus,  observe  some  distant  object 
through  it,  and  recede  from  the  glass  till  the  eye  perceives  all 
in  confusion,  or  the  object  begins  to  appear  inverted  ; then  the 
eye  is  in  the  focus.  3.  For  a plano-convex  glass ; make  it 
reflect  the  sun  against  the  wall ; on  the  wall  will  then  he  seen 
two  sorts  of  light,  a brighter  within  another  more  obscure  ; 
withdraw  the  glass  from  the  wall,  till  the  bright  image  bo  in  its 
least  dimensions  ; then  is  the  glass  distant  from  the  wall  abont 
a fourth  part  of  its  focal  length.  4*  For  a double  convex  ; 
expose  each  side  to  the  sun  in  like  manner;  and  observe  both 
the  distances  of  the  glass  from  the  wall : then  is  the  first  dis- 
tance about  half  the  radius  of  the  convexity  turned  from  the 
sun  ; and  the  second  is  about  half  the  radius  of  the  other  con- 
vexity. The  radii  of  the  two  convexities  being  thus  known, 
the  focus  is  then  found  by  this  rule  : As  the  sum  of  the  radii  of 
both  convexities  is  to  the  radius  of  either  convexity,  so  is  dou- 
ble the  radius  of  the  other  convexity  to  the  distance  of  the 
focus. 

FODDER,  or  Fotiilr,  in  Mining,  a measure  containing 
twenty-two  hundred  and  a half  weight,  as  of  lead,  but  in  Lon- 
don it  is  twenty  hundred. 

FCETUS,  in  Anatomy,  a term  applied  to  the  offspring  of  the 
human  subject,  or  of  animals,  during  its  residence  in  the  womb. 

FOG,  or  Mist,  consisting  of  condensed  vapours  floating 
near  the  surface  of  the  earth. 

Foo  Bank,  an  appearance  in  hazy  weather  which  frequently 
resembles  land  at  a distance,  but  which  vanishes  as  you 
approach  it. 

FOIL,  in  Fencing,  a blunt  sword,  or  one  tipped  with  a 
button  or  cork,  covered  with  leather.  Foils  are  used  in  the 
noble  and  manly  exercise  of  fencing. 

7ta  Foil,  among  Jewellers,  is  nsed  to  give  precious  atones  a 
colour,  by  placing  it  beneath  the  gem ; and  this  species  of  foil 
is  mnnufacturcd  from  copper,  silver,  or  gold.  The  copper  foils 
are  known  as  jVuremAery  or  German  foils,  and  are  prepared  ns 
follows  ; — Procure  the  thinnest  copper,  beat  it  on  an  anvil  with 
a well  polished  hammer,  as  thin  as  possible ; place  the  copper 
between  two  iron  plates  ns  thin  as  writing  paper ; heat  them 
in  the  fire  ; then  boil  the  foil  in  a pipkin,  with  equal  quantities 
of  tartar  and  salt,  constantly  stirring  them  till  by  boiling  they 
become  white  ; after  which  take  them  out  and  dry  them  ; then 
give  them  another  hammering,  till  they  arc  made  fit  for  your 

Kurposo.  If  too  much  heated  they  will  melt ; if  too  long 
oiled,  they  will  attract  the  salt.  Polish  them  thus: — Take  a 
plate  of  the  best  copper  12  inches  long,  5 inches  broad,  polished 
to  the  greatest  perfection  ; bend  this  to  a long  convex,  fasten 
it  upon  half  a roll,  and  fix  to  it  a bench  or  table;  then  take 
some  chalk  washed  as  clean  as  possible,  and  filtered  through  a 
fine  clean  linen  cloth  ; lay  some  of  this  on  the  roll,  wet  the  copper 
all  over,  lay  the  foils  on  it,  and  with  a polishing  stone  and  ihe 
chalk,  polish  your  foils  till  they  are  as  bright  as  a looking-glass 
after  which  they  must  be  dried,  and  laid  up  free  from  dust. 

FOLIATING  or  Silvering  of  Looking-Glasses,  is  spreading 
the  plates  over,  after  they  are  polished,  with  amalgam,  to  reflect 
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the  image.  The  process  is  as  follows A thin  blotting  paper  is 
spread  on  the  table,  and  sprinkled  with  chalk ; then  a line  leaf 
of  tin-foil  is  laid  over  the  paper ; upon  this  mercury  is  poured, 
and  distributed  equally  over  the  leaf  with  a hare's  foot,  or 
cotton:  over  this  is  laid  a clean  paper,  and  over  that  the  glass 
plate,  which  is  pressed  down  with  the  right  hand,  and  the  paper 
drawn  out  with  the  left ; Ibis  done,  the  plate  is  covered  with  a 
thicker  paper,  and  loaded  with  a greater  weight,  that  the 
superfluous  mercury  may  be  driven  out,  and  the  tin  adhere 
more  closely  to  the  glass.  When  dry,  the  weight  is  removed, 
and  the  looking-glass  is  complete.  Nome  add  an  ounce  of 
marcasite,  melted  by  the  fire;  and  lest  the  mercury  should 
evaporate  in  smoke,  poor  it  into  cold  water ; and  when  cooled, 
squeeze  it  through  a cloth  or  leather. 

Foliating  of  Globe  Looking-Glasses.  Take  five  ounce*  of 
quicksilver,  and  one  ounce  of  bismuth  ; of  lead  and  tin  half  an 
ounce  each  ; put  the  lead  and  tin  into  fusion,  then  put  in  the 
bismuth,  and  when  that  is  in  fusion  let  it  stand  till  it  is  almost 
cold,  and  pour  the  quicksilver  into  it ; after  Ibis,  take  the  glass 
globe,  which  must  be  very  clean,  make  a paper  funnel,  which 
put  into  the  hole  of  the  globe,  as  near  to  the  glass  as  you  can, 
pour  the  amalgam  in  gently,  and  move  it  about,  so  that  it  may 
touch  every  where. 

FOMALHAUT,  or  FouaHaut.  a star  of  the  first  magnitude 
in  Piseis  Australis,  marked  a by  Bayer. 

FOMENTATION,  in  Medicine,  is  the  external  application 
of  a fluid,  as  warm  as  the  patient  can  bear  it.  Two  flannel 
cloths  arc  dipped  in  that  liquor,  one  of  which  is  wrung  as  dry 
as  possible,  and  immediately  applied  to  the  part  affected. 
This  cloth  lie*  on  till  the  heat  has  evaporated,  and  the  other  is 
then  applied.  By  this  alternate  application  the  part  affected 
is  constantly  supplied  with  warmth,  for  16  minutes,  or  half  an 
hour,  as  occasion  may  require. 

FOOD,  Comparative  Nutritive  Properties  of.  An  interesting 
report  on  this  subject  has  lately  been  presented  (o  the  French 
minister  of  the  interior,  by  Messrs.  Percy  and  Vauquelin, 
members  of  the  Institute.  The  result  of  their  experiments  is 
as  follows : — In  broad,  every  100  lb.  is  found  to  contain  00  lb.  of 
nutritious  matter ; butcher  meat,  averaging  the  different  sorts, 
contain  only  36  lb.  in  one  hundred  ; French  beans,  (in  the 

(rain,)  9 2 lb.  in  one  hundred  ; broad  beans,  80  lb. ; peas,  93  lb. ; 
eutils,  (a  species  of  half  pea,  little  koown  in  Britain,) 94  lb.  in  ] 
one  hundred  ; greens  and  turnips,  which  are  the  most  aqueous  of 
all  vegetables  used  in  oulinary  purposes,  furnish  only  01b.  of 
solid  nutritious  substance  in  one  hundred ; carrots,  (from 
whence  an  inferior  kind  of  sugar  is  produced.)  14  lb.  ; and 
what  is  remarkable,  as  being  opposed  to  the  old  theory,  100  lb. 
of  potatoes  only  yield  25  lb.  of  nutriment ; one  pound  of  good 
bread  is  equal  to  21  lb. of  potatoes ; and  76  lb.  of  bread,  and  30  lb. 
of  meat,  arc  equal  to  300  of  potatoes  ; } Ih  of  bread,  and  6©*. 
of  meat,  are  equal  to  3 lb.  of  potatoes ; 1 lb.  of  potatoes  is  equal 
to  4 lb.  of  cabbage,  and  3 lb.  of  turnips  ; and  one  pound  of  rice 
bread  or  French  beans  is  equal  to  31b.  of  potatoes. 

FOOT,  a measure  of  length,  derived  from  the  lengih  of  the 
hnmanfoot;  containing  12  linear  inches.  Square  Foot,  is  a 
square  whose  side  is  one  foot,  and  is  therefore  equal  to  144 
square  inches.  Cubic  Foot,  is  a cube  whose  side  is  one  foot, 
and  the  cube  contains  1728  cubic  inches. 

Foot,  in  the  Latin  and  Greek  poetry,  a metre  or  measure 
composed  of  a certain  number  of  long  and  short  syllables. 
Tbeso  feet  are  commonly  reckoned  twenty-eight,  of  which  some 
are  simple,  as  consisting  of  two  or  three  syllables,  and  there- 
fore called  dissyllabic  or  trisyllabic  Icet;  others  are  compound, 
consisting  of  four  syllables,  and  are  therefore  called  tetrasylla- 
ble feet. 

Foot  of  a Sail,  the  lower  edge,  or  bottom.  Foot  Rope,  the 
rope  to  which  the  lower  edge  of  a sail  is  sewed.  Foot  Rapes 
are  also  the  same  with  Horses  of  the  Yards,  which  see. 

Foot  H'aittng,  the  whole  inside  planks  or  lining  of  a ship, 
used  to  prevent  any  part  of  her  ballast  or  cargo  from  falling 
between  her  floor  limbers.  Foot  of  a Mast , the  lowest  end  or 
that  which  goes  into  the  step. 

Foot  Milt,  or  Tread-Mill,  for  grinding  corn  or  other  sub- 
stances, moved  by  the  pressure  of  the  feet  of  men  or  animals. 
In  some  of  these  mills,  a horse  or  an  ox  is  fixed  to  a stall  upon  a 
floor  above  a vertical  wheel,  and  a bole  is  made  in  the  floor  in 


the  place  where  the  hind  feet  of  the  animal  should  stand,  thus 
admitting  those  feet  to  press  npon  the  rim  of  a wheel,  and 
cause  the  wheel  to  turn  npon  its  axle,  and  give  motion  to  the 
whole  mill.  But  in  this  kind  of  machine,  the  animal  will  be 
obliged  very  unnaturally  to  move  bis  hind  feet,  while  his  fore 
feel  will  he  at  rest ; and  further,  the  motive  force  being  applied 
near  the  vertex  of  the  wheel,  will  act  but  with  little  advantage. 


and  tho  work  done  will  bo  comparatively  trifling.  A much 
more  judicious  construction  of  a foot  mill  is  represented  in  the 
above  engraving.  A,  is  an  inJinrd  wheel,  which  is  turned 
by  the  weight  of  a mao,  and  the  impulsive  force  of  his  feet 
while  he  supports  himself,  or  occasionally  pushes  with  bis 
bands  at  the  horizontal  bar  H.  The  face  of  this  wheel  has  thin 
pieces  of  wood  nailed  npon  it  at  proper  distances,  to  keep  tho 
feet  of  the  man  from  slipping  while  he  pushes  the  wheel  round  ; 
and  the  under  side  bos  projecting  teeth  or  waves  which  catch 
into  the  cogs  of  the  trundle  B,  and  by  that  means  turn  the 
horizontal  shaft  G,  with  its  wheel  C ; this  latter  wheel  toms 
the  trundle  D,  the  axle  of  which  carries  the  upper  millstone  E. 
This  kind  of  footmill  will  answer  extremely  well  to  grind  malt, 
&c.  when  no  very  great  power  is  required.  And  as  respects  the 
application  of  animal  force  to  machinery,  see  pages  925  and 
326,  of  this  work,  where  this  matter  is  treated  in  all  its  various 
relations,  both  to  man  and  beasts  of  burden. 

FORAGE,  in  Militafy  affairs,  denotes  the  provisions  brought 
into  the  camp  by  the  troops  for  the  sustenance  of  the  horses. 

FORCE,  in  Mechanics,  denotes  that  unknown  cause  which 
produces  a change  in  the  stale  of  a body,  as  to  motion,  rest, 
pressure,  &c. ; that  is,  whatever  produces  or  tends  to  produce 
■mtion.  or  a change  of  motion  in  any  body,  is  called  force. 
According  to  this  definition,  the  muscular  power  of  animals, 
as  likewise  pressure,  impact,  gravity,  fttc.  are  considered  as 
forces,  or  sources  of  motion,  it  being  evident,  from  daily  expe- 
rience, that  bodies  exposed  to  the  free  action  of  any  of  these, 
are  either  put  into  motion,  or  have  their  state  of  motion  chang- 
ed. All  forces,  however  various,  are  measured  by  the  effects 
they  produce  in  like  circumstances,  whether  the  effect  be  creat- 
ing, accelerating,  retarding,  or  deflecting  motions ; the  result 
of  some  general  and  commonly  observed  force  is  taken  for 
unity,  and  with  this  any  others  may  be  compared ; and  tbeir 
proportions  represented  by  numbers  or  lines.  Under  this  point 
of  view  they  are  considered  by  the  mathematician ; all  else 
falls  within  the  province  of  the  universal  philosopher,  or  the 
metaphysician.  When  wc  say  that  a force  is  represented  by 
a right  line,  A B,  it  is  to  be  understood  that  It  would  caose  a 
material  point,  situated  at  rest  In  A,  to  rnn  over  the  line  A B, 
which  is  called  the  direction  of  the  force,  so  as  to  arrive  at  B at 
the  end  of  a given  time,  while  another  force  would  cause  thu 
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same  point  to  hate  moved  a greater  or  less  distance  from  A in 
the  same  time.  See  llie  figure  below. 

Mechanical  forces  may  be  reduced  to  two  sorts;  one  of  a 
body  at  rest,  the  other  or  a body  in  motion.  The  former  is  that 
which  we  conceive  as  residing  in  a body  when  it  is  supported 
by  a plane,  suspended  by  a rope,  or  balanced  by  the  action 
of  a spring*,  &c.  being  denominated  pressure,  tension,  force, 
or  rii  morxun,  eolicitatio,  cf/nahu  mnrmtii,  and  which  may 
always  bo  estimated  or  measured  by  a weight,  rir.  the  weight 
that  sustains  it.  To  this  class  of  forces  may  also  be  referred 
centripetal  and  centrifugal  forces,  though  they  reside  in  a body  in 
motion,  because  these  forces  are  homogeneous  to  weights,  pres* 
sures,  or  tensions  of  any  kind.  The  force  of  a body  in  motion,  is  a 
power  residing  in  that  body,  so  long  as  it  continues  its  motion'; 
by  means  of  which,  it  is  able  to  remove  obstacles  lying  in  its 
way,  to  lessen,  destroy,  or  overcome  the  force  of  any  other 
moving  body,  which  meets  it  in  an  opposite  direction  ; or  to 
surmount  any  the  largest  dead  pressure  or  resistance,  as  ten* 
sion,  gravity,  friction,  &c.  for  some  time  ; but  which  will  be 
lessened  or  destroyed  by  such  resistance  as  lessens  or  de- 
stroys the  motion  of  the  body.  This  is  called  vis  motura,  moving 
force,  or  motive  force,  aud  by  some  late  writers  vie  vita,  to 
distinguish  it  from  the  vis  mortua , spoken  of  before. 

Force,  is  distinguished  into  motive  and  accelerative,  or 
retartlivc , constant,  variable,  &c. 

Motive  Force,  otherwise  called  momentum,  or  force  of  per- 
cussion, is  the  absolute  force  of  a body  in  motion,  &c.  ; and  is 
expressed  by  the  product  of  the  weight  or  mass  of  matter  in 
the  body,  multiplied  by  the  velocity  with  which  it  moves.  Motive 
Force  also  denotes  the  force  by  which  a system  of  bodies  is 
put  in  motion,  as  it  is  the  difference  between  the  power  or 
weight  which  produces  the  motion,  aud  the  resistance  or  weight 
to  which  it  is  opposed. 

Accelerative  Force,  or  retardivc  force,  is  that  which  respects 
the  velocity  or  rate  of  motion  only,  accelerating  or  retarding 
it;  and  it  is  denoted  by  the  quotient  of  the  motive  force, 
divided  by  the  mass  or  weight  of  the  body.  So, 

If  m denote  the  motive  force, 

and  b the  body,  or  its  weight, 

and  /the  accelerating  or  retarding  force, 

then  iaf  as  ~ 

Constant  Force,  is  such  as  remains  and  acts  continually  the 
same  for  some  determinate  time.  Such,  for  example,  is  the 
force  of  gravity,  which  acts  constantly  the  same  upon  a body- 
while  it  continues  at  the  same  distance  from  the  centre  of  the 
earth,  or  from  the  centre  of  force,  wherever  that  may  be. 
Constant  or  uniform  forces  produce  uniformly  accelerated 
motions,  the  laws  of  which  will  be  found  under  the  article 
Acceleration.  Variable  Force,  is  that  whioh  is  continually 
changing  its  effect  and  intensity,  such  as  the  force  of  gravity  at 
different  distances  from  the  earth's  centre.  Sec  the  formulae 
relating  to  variable  forces  under  the  article  Acceleration. 
Forces  arc  farther  distinguished  into  centra/,  centrifugal,  &c. 
which  see  under  the  several  articles. 

Composition  of  Forces,  may  be  thus  defined: — If  two  or 
more  forces  differently  directed,  act  upon  the  same  body,  at 
the  tame  time,  as  the  body  in  question  cannot  obey  them  all,  it 
will  move  in  a direction  somewhere  between  them.  This  is 
called  the  composition  and  resolution  of  forces  or  of  motion, 
and  may  be  illustrated  in  the  following  manner: — Ulus.  Sup- 
pose a body  A to  be  acted  upon  by  a force  in  the 
direction  A If,  while  at  the  same  time  it  is  im-  ^ / 1 *^p 

polled  by  another  force  in  the  direction  A C,  it  / yy 
will  then  move  in  the  direction  A D ; and  if  the  / / 

lines  A B,  A C,  be  made  of  lengths  proportionate  _ L'  / 

to  the  forces,  and  the  lines  CD.DB,  be  drawn  CA  O 

parallel  to  them,  so  as  to  complete  the  parallelogram  A B D C, 
then  the  line  which  the  body  A will  describe,  will  be  the 
diagonal  A D : and  the  length  of  this  line  will  represent  the 
force  with  which  the  body  will  move.  But  if  the  body  be  im- 
pelled by  equal  forces  acting  at  right  angles  to  each  other,  it 
will  move  in  the  diagonal  of  a square.  Instances  in  nature,  of 
motion  produced  by  several  powers  acting  at  the  same  time, 
are  innumerable.  A ship  impelled  by  the  wind  and  tide  is  one 


well  known  ; a paper  kite,  acted  upon  in  one  direction  by  tbo 
wind  and  in  another  by  the  string,  is  another  instance. 

Animal  Force,  at  applied  to  Machinertf.  All  machines  are 
impelled,  cither  by  the  exertion  of  animal  force,  or  by  the 
application  of  the  powers  of  nature.  The  latter  comprise  the 
potent  elements  of  water,  air,  and  fire.  The  former  is  more 
common,  yet  so  variable  as  hardly  to  admit  of  calculation;  it 
depends  nol  only  on  the  vigour  of  the  individual,  but  on  the 
different  strength  of  the  particular  muscles  employed.  Every 
animal  cxcition  is  attended  by  fatigue;  it  soon  relaxes,  and 
would  speedily  produce  exhaustion.  The  most  profitable  mode 
of  applying  the  labour  of  animals,  is  to  vary  their  muscular 
action,  and  revive  its  tone  by  short  and  frequent  intervals  of 
repose. 

The  ordinary  method  of  computing  the  effects  of  human 
labour  is,  from  the  weight  which  it  is  cnpnblc  of  elevating  to  a 
certain  height,  in  a given  lime,  the  product  of  these  three  num- 
bers expressing  the  absolute  quantity  of  performance.  This 
was  reckoned  hy  Daniel  Bernoulli  and  Desagulicrs  at  two  mil- 
lions of  pounds  avoirdupois,  which  a man  could  raise  one  foot 
in  a day.  But  oar  civil  engineers  have  gone  much  farther,  and 
arc  accustomed,  in  their  calculations,  to  assume,  that  a labourer 
will  lift  ten  pounds  to  the  height  of  ten  feet  every  second,  and 
is  able  to  continue  such  exertion  fur  ten  hours  each  day,  thus 
accumulating  the  performance  of  3,000.000.  But  this  estimate 
seems  to  be  draw  n from  the  produce  of  momentary  exertions, 
under  the  most  favourable  circumstances ; and  it  therefore 
greatly  exceeds  the  actual  results,  as  commonly  depressed  by 
fatigue,  and  curtailed  by  the  unavoidable  waste  of  force. 

Coulomb  has  furnished  the  most  accurate  and  varied  obser- 
vations on  tlie  measure  of  human  labour.  A man  will  climb  a 
stair,  from  70  to  UK)  feet  high,  at  the  rate  of  45  feet  in  a minute. 
Reckoning  his  weight  at  155  lbs.,  Hie  animal  exertion  for  ono 
minute  is  6.075,  and  would  amount  to  4,1 86,000  if  continued 
for  ten  hours.  But  such  exercise  is  too  violent  to  be  often 
repeated  in  the  course  of  a day.  A person  may  clamber  up  a 
rock  500  feet  high  by  a ladder-stair  in  twenty  minutes,  and 
consequently  at  the  rate  of  25  feet  each  minuto ; his  efforts  are 
thus  already  impaired,  and  the  performance  reaches  only  3,875 
in  a minute. 

But,  under  the  incumbrance  of  a load,  the  quantity  of  action 
is  still  more  remarkably  diminished.  A porter  weighing  1401b. 
was  found  willing  to  climb  a stair  40  feet  high  206  times  in  a 
day ; but  he  could  carry  up  only  06  loads  of  fire-wood,  each  of 
them  1631b.  weight.  In  the  former  case,  his  daily  performanoo 
was  very  nearly  1.500,000;  while,  in  the  latter,  it  amounted 
only  to  808,000.  The  quantity  of  permanent  effect  was  hence 
only  about  700,000,  or  scarcely  half  the  labour  exerted  in  mere 
climbing.  In  the  driving  of  piles,  a load  of  42  lb.,  called  the 
ram,  is  drawn  up  31  feet  high  20  times  in  a minute;  but  the 
work  has  been  considered  so  fatiguing  as  to  endure  only  three 
hours  a day.  This  gives  about  530,000,  for  the  daily  perfor- 
mance. Nearly  the  same  result  is  obtained,  by  computing  the 
uautity  of  water,  which  by  means  of  a double  bucket,  a man 
rew  np  from  a well.  He  lifted  361b.  120  times  in  a day  from 
a depth  of  120  feet,  the  total  effect  being  518,400.  A skilful 
labourer  working  in  a held  with  a large  hoe,  creates  an  effect 
equal  to  728,000.  When  the  agency  of  a winch  is  employed  in 
turning  a machine,  the  performance  is  still  greater,  amounting 
to  845,000. 

In  all  these  instances,  a certain  weight  is  heaved  up,  bat  a 
much  smaller  effort  is  sufficient  lo  transport  a load  horizontally. 
A man  coaid,  in  the  space  of  a day.  scarcely  reach  an  altitude 
of  two  miles  by  olimbing  a stair ; though  he  will  easily  walk 
over  thirty  miles  on  a smooth  and  level  road.  But  he  would 
in  the  same  time  carry  only  130  lb.  to  the  fourth  part  of  that 
distance,  or  1\  miles.  Assuming  his  own  weight  to  bo  1401b., 
the  quantity  of  horizontal  action  woold  amount  to  42,708,000, 
or  twenty-eight  times  the  vertical  performance  ; but  the  share 
of  it  in  conveying  the  load  is  20.061,780,  or  about  thirty  time* 
what  was  spent  in  its  elevation.  The  greatest  advantage  is 
obtained  by  reducing  tbo  burden  to  1021b.,  the  length  of  jour- 
ney being  augmented  in  a higher  ratio. 

These  results  are  apparently  below  the  average  of  English 
labour,  which  is  not  only  most  vigorous,  but,  in  many  enscs, 
quite  ovefstraiacd.  Moderate  exertion  of  strength,  joined  to 
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regularity  and  perseverance,  would  be  more  conducive  to  robust 
health,  and  the  comfortable  duration  ofhuman  life. 

A porter  in  London  is  accustuincd  to  carry  a burden  of 
2001b.  at  the  rate  of  three  miles  an  hour.  In  the  same  metro- 
polis, a couple  of  Irish  chairmen  continue  at  the  pace  of  four 
miles  an  hour,  under  a load  of  3001b.  These  exertions  are 
greatly  inferior,  however,  to  the  labour  performed  by  porters 
in  Turkey,  the  Levant,  and  generally  en  the  shores  of  the 
Mediterranean.  At  Constantinople,  an  Albanian  porter  will 
carry  HOC  or  IKK)  lb.  on  his  bark,  stooping  forward,  and  assist- 
ing Ids  steps  by  a sort  of  staff.  At  Marseilles,  four  porters 
commonly  carry  the  immense  load  of  nearly  two  tons,  by  means 
of  soft  bods  passing  over  their  heads,  and  resting  on  their 
shoulders,  with  the  ends  of  poles,  from  which  the  goods  are 
suspended. 

According  to  some  experiments  of  the  late  Mr.  Buchanan, 
the  exertions  of  a man  in  working  a pump,  in  turning  a winch, 
in  ringing  a bell,  and  in  rowing  a boat,  arc  as  the  numbers  100, 
107,  2*27,  and  248.  But  those  efforts  appear  to  have  been  con- 
tinued for  no  great  length  of  time.  The  Greek  seamen,  in  the 
Dardanelles,  are  esteemed  more  skilful  and  vigorous  in  the  act 
of  rowing,  than  those  of  any  other  nation.  Even  the  Chinese, 
applying  both  their  bands  and  their  feet,  are  said  to  surpass 
all  people  in  giving  impulsion  to  boats  by  sculling. 

The  several  races  of  men  differ  materially  in  strength,  bat 
still  greater  diversity  results  from  the  constitution  and  habits 
of  the  individual.  The  European  is,  on  (he  whole,  decidedly 
more  powerful  than  the  inhabitants  of  the  other  quarters  of  the 
globe  ; and  man,  reared  in  civilized  society,  is  a finer,  robuster, 
and  more  vigorous  animal  than  the  savage.  In  the  temperate 
climates,  likewise,  men  aro  capable  of  mnch  harder  labour, 
than  under  the  influence  of  a burning  sun.  Coulomb  remarks, 
that  the  French  soldiers  employed  on  the  fortifications  of  the 
Isle  of  Martinique  became  soon  exhausted,  and  were  unable  to 
perform  half  the  work  executed  by  them  at  home. 

The  most  violent  and  toilsome  exertion  of  human  labour  is 
performed  in  Peru,  by  the  terriers  or  cargneros,  who  traverse 
the  loftiest  mountains,  and  clamber  along  the  sides  of  the  most 
tremendous  precipices,  with  travellers  seated  on  chairs  strap, 
ped  to  their  backs.  In  this  manner,  they  convey  loads  of  12, 
14,  or  even  18  stones;  and  possess  such  strength  and  action, 
ns  to  be  able  to  pursue  their  painful  task  eight  or  nine  hours, 
for  several  successive  days.  These  men  are  a vagabond  race, 
consisting  mostly  of  mulattocs,  with  a mixture  of  whites,  who 
prefer  a life  of  hardship  and  vicissitude,  to  that  of  constant 
though  moderate  labour. 

When  a man  stands,  he  pulls  with  the  greatest  effect ; but 
his  power  of  traction  is  much  enfeebled  bv  the  labour  of  tra- 
velling. If  e denote  number  of  miles  which  a person  walks  in 
an  hour,  ibe  force  which  he  exerts  in  dragging  forward  a load 
will  be  expressed  nearly  by  J (12 — 2v)».  Thus,  when  at  rest,  he 
pulls  with  a force  of  about  2D  pounds  aveniupois;  but  if  he 
walks  at  the  rate  of  two  miles  an  hour,  his  power  of  traction  is 
reduced  to  14  lb, ; and  if  he  quicken  his  pace  to  four  miles  an 
hour,  he  can  draw  only  3 ll>.  There  is  consequently  a certain 
velocity  which  procures  the  greatest  effect,  or  when  the  pro- 
duct of  the  traction  by  the  velocity  becomes  a maximum.  This 
takes  place  when  lie  proceeds  at  the  rate  of  two  miles  an  hour. 
The  utmost  exertion  which  a man  walking  might  continue  to 
make  in  drawing  up  a weight  by  means  of  a pulley,  would 
amount,  therefore,  in  a minute,  only  to  2,430;  but  if  he  applied 
bis  entire  strength,  without  moving  from  the  spot,  he  could 
produce  an  effect  of  3,075. 

The  labour  of  a horse  in  a day,  is  commonly  reckoned  eaual 
to  that  of  five  men  ; but  then  he  works  only  eight  hours,  wnile 
a man  easily  continues  his  exertions  for  ten  hours.  Horses 
likewise  display  much  greater  force  in  carrying  than  in  palling ; 
and  yet  an  active  walker  will  beat  them  on  n long  journey. 
Tlicir  power  of  traction  seldom  exceeds  144  pounds,  but  they 
arc  capable  of  carrying  more  than  six  times  as  much  weight. 
The  pack-horses  in  the  West  Biding  of  Yorkshire  are  accus- 
tomed to  transport  loads  of  420  lb.  over  a hilly  country.  But, 
in  many  parts  of  England,  the  mill-horses  w ill  rarry  the  enor- 
mous burden  of  010  lb.  to  a short  distance.  With  regard,  how- 
ever, to  the  ordinary  power  of  draught,  the  formula  (12 — r'p 
where  w denotes  the  velocity  in  miles  au  hour,  will  perhaps  be 


found  sufficiently  near  the  truth.  Thus,  a horse  beginning  his 
pull  with  the  force  of  144  lb.,  would  draw  100  lb.  at  a walk  of 
two  miles  an  hour,  but  only  64  lt>.  when  advancing  at  double 
that  rate,  and  not  more  than  36  lb.  if  he  quickrncd  his  pace  to 
six  miles  an  hour,  llis  greatest  performance  would  hence  bo 
made  with  the  velocity  of  four  miles  an  hour.  The  accumulated 
effort  in  a minute  will  then  amount  to  22  528  The  measure 
generally  adopted  for  computing  the  power  of  stenm  engines  is 
much  higher,  the  labour  of  a horse  being  reckoned  sufficient  to 
raise,  every  minute,  to  the  elevation  of  one  foot,  Ike  weight  of 
32,000  lb.  Hut  this  estimate  is  not  only  greatly  exaggerated, 
but  should  be  viewed  as  merely  an  arbitrary  and  conventional 
standard. 

Wheel  carriages  enable  horses,  on  level  roads,  to  draw,  at 
an  average,  loads  about  fifteen  times  greater  than  the  power 
exerted.  The  carriers  between  Glasgow  and  Edinburgh  trans- 
port, in  a single-horse  cart,  w eighing  about  7 cwt.,  the  load  of 
a ton,  and  travel  at  the  rate  of  22  miles  a day.  At  Paris,  one 
horse,  in  a small  cart,  convex s along  the  streets,  half  a cord  of 
wood,  weighing  two  tons;  but  three  horses  yoked  in  a line  aro 
able  to  drag  105  cwt.  five  and  a fourth,  or  that  of  a heavy 
cart  loaded  with  building  stones.  The  Normandy  carriers 
travel  from  14  to  22  miles  a day.  with  two-wheeled  carts, 
weighing  each  II  cwt.,  and  loaded  with  70  cwt.  or  nearly  4 
tons,  of  goods,  drawn  by  a team  of  four  horses. 

The  French  draught  horses,  thus  harnessed  to  light  car- 
riages, are  more  cflirient  perhaps  than  the  finer  breeds  of  this 
country.  They  perform  very  nearly  as  much  work  as  those  in 
the  single-horse  carts  used  at  Glasgow,  and  far  greater  than 
those  heavy  animals  which  drag  the  lumpish  and  towering 
English  waggons.  The  London  dray-horses,  in  the  mere  act  ol 
ascending  from  the  wharfs,  display  a powerful  effort,  but  they 
afterwards  make  little  exertion,  their  force  being  mostly 
expended  in  transporting  their  own  ponderous  mass  along. 

Oxen,  on  account  of  their  steady  draught,  are  in  many 
countries  preferred  for  the  yoke.  They  were  formerly  em- 
ployed universally  in  the  various  labours  of  husbandry.  The 
tenderness  of  their  hoofs,  unless  shod,  however,  makes  them 
unfit  for  palling  on  paved  roads,  and  they  can  work  only  with 
advantage  in  soft  grounds.  But  they  want  all  the  pliancy  and 
animation,  which  arc  the  favourite  qualities  of  the  horse. 

The  patient  drudgery  of  the  ass,  renders  Idin  a serviceable 
companion  of  the  poor.  Though  much  iuferior  in  strength  to 
the  horse,  he  is  maintained  at  far  less  cost.  In  this  country, 
an  ass  will  carry  about  two  hundred  weight  of  coals  or  lime- 
stone, twenty  miles  a day.  But,  in  the  warmer  climates,  he 
becomes  a larger  and  finer  animal,  and  trots  or  ambles  briskly 
under  a load  of  150  pounds.  The  mule  is  still  more  powerful 
and  hardier,  being  fitted  equally  for  burden  and  draught. 

In  the  hotter  parts  of  Asia  and  Africa,  the  ponderous  strength 
of  the  clcplmnt  has  been  long  turned  to  the  purposes  of  war. 
He  is  reckoned  more  powerful  than  six  horses,  bat  his  con- 
sumption of  food  is  proporiionally  great.  The  elephant  carries 
a load  of  three  or  four  thousand  pounds, — his  ordinary  pace  is 
ecjual  to  that  of  a slow  trot,— he  travels  easily  over  forty  or 
fifty  miles  in  a day,  and  has  been  known  to  perform,  in  that 
time,  a journey  of  a hundred  and  ten  miles.  His  sagacity  and 
intelligence  direct  him  to  apply  his  strength  according  to  the 
exigency  of  the  occasion. 

The  camel  is  a roost  useful  beast  of  burden  in  the  arid  plains 
of  Arabia.  The  stronger  ones  carry  a load  of  ten  or  twelve 
hundred  weight,  and  the  weaker  ones  transport  six  or  seven 
hundred ; they  walk  at  the  rate  of  two  miles  and  a half  in  an 
hour,  and  march  about  thirty  miles  every  day.  The  camel  tra- 
vels often  eight  or  nine  days,  without  any  fresh  supply  of  water; 
when  a caravan  encamps  in  the  evening,  he  is  perhaps  turned 
loose,  for  the  space  of  an  hour,  to  browze  on  the  coarsest  her- 
bage, which  serves  him  to  ruminate  during  the  rest  of  the 
night.  In  this  manner,  without  making  any  other  halt,  he  will 
perform  a dreary  and  monotonous  journey  of  two  thousand 
miles. 

Within  the  Arctic  Circle  again,  the  rein  deer  is  a domesti- 
cated animal,  not  less  valuable.  He  not  only  feeds  and  clothes 
the  poor  Laplander,  but  transports  his  master  with  great  swift- 
ness, in  a covered  sledge,  over  the  snowy  and  frozen  tracts. 
The  rein  deer  subsist  on  the  scanty  vegetation  of  moss  or 
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lichens,  and.  though  very  docile,  they  are  not  powerful.  Two 
of  them  nre  required  to  draw  a light  Hedge : so  harnessed,  they 
will  run  fifty  or  sixty  miles  on  a stretch,  and  sometimes  per. 
form  a journey  of  a hundred  and  twelve  miles  in  the  course  of 
a day.  Hut  such  exertions  soon  wear  them  out. 

A sort  of  dwarf  camel  was  the  only  animal  of  burden  pos- 
sessed liy  the  ancient  Peruvians.  The  Lama  is,  indeed,  pecu- 
liarly fitted  for  the  lofty  regions  of  the  Andes.  The  strongest 
of  them  carry  only  from  150  to  200  pounds,  but  perform  about 
fifteen  miles  a day  over  the  roughest  mountains.  They  gene- 
rally continue  this  labour  during  five  days,  and  are  then  allowed 
to  halt  two  or  three  days  before  they  renew  their  task.  The 
Paco  is  another  similar  animal,  employed  likewise  in  trans- 
porting goods  in  that  singular  country  ; it  is  very  stubborn, 
however,  and  carries  only  from  fifty  to  seventy  pounds. 

Even  the  exertions  of  goats  have,  in  some  parts  of  Europe, 
been  turned  to  useful  labour.  They  are  made  to  tread  in  a 
wheel  which  draws  water,  or  raises  ore  from  the  mine.  Though 
a very  light  isiffllll,  the  goat  is  nimble,  and  climbs  at  a high 
angle.  Supposing  Ibis  soaring  creature,  though  only  the  fourth 
part  of  the  weight  of  a man,  to  march  as  fust  along  an  ascent  of 
40  degrees,  as  he  does  over  one  of  18  degrees, — the  sine  of  the 
former  being  double  that  of  the  latter, — it  mus£  yet  perforin 
half  as  much  work. — Lethe's  Elements  of  Aatural  Philosophy. 

FORCEPS,  in  Surgery,  kc.  • pair  of 
ncissars  for  cutting  off,  or  dividing,  the 
tleshy  membranous  parts  of  the  body,  as 
occasion  requires. 

FORCER,  Temporary,  for  a pump,  is 
a contrivance  to  produce  a constant 
stream.  A very  simple  forcer  of  this 
kind  has  been  devised  by  Mr.  R.  Trevi- 
thick : it  consists  in  6xing  a barrel  with 
solid  piston  along  the  side  of  the  common 
pump,  in  such  a manner  that  tho  lower 
space  of  the  additional  barrel  may  com- 
municate with  the  space  between  the  two 
valves  of  the  pump;  and  lastly,  by  con- 
necting the  rods  at  D,  so  that  they  may 
work  together.  This  is  shewn  in  the 
annexed  figure,  and  the  effect  is,  that 
when  the  pistons  are  raised,  the  spaces 
of  the  cylinders  beueath,  A and  B,  be- 
come filled  by  the  pressure  of  the  atmo- 
sphere, at  the  same  lime  that  the  upper 
column  flows  out  at  E,  the  discharging 
spout. 

Hut  again,  when  the  pistons  descend, 
the  valve  C shuts,  and  consequently,  tho 
water  driven  by  the  piston  in  b must 
ascend  through  A.  and  continue  to  pro- 
duce an  equal  discharge  through  E in  the 
down  stroke. 

FORCING,  among  Gardeners,  signifies  the  making  trees 
produce  ripe  fruit  before  their  usual  time.  This  is  done  by 
planting  them  in  a hot-bed  against  a south  wall,  and  likewise 
defending  them  from  the  ioiorics  of  the  weather  by  a glass 
frame.  They  should  always  be  grown  trees,  as  young  ones  are 
apt  to  be  destroyed  by  this  management.  The  glasses  must  be 
taken  off  at  proper  seasons,  to  admit  the  benefit  of  fresh  air, 
and  especially  of  gentle  showers. 

FORE,  the  distinguishing  character  of  all  that  part  of  a 
ship's  frame  and  machinery  which  lies  near  them. 

Fork  and  Aft , throughout  the  ship's  whole  length,  or  from 
end  to  end  ; it  also  implies,  in  a line  with  the  keel.  Port  Bow 
Line,  the  bow-line  of  the  fore-sail.  See  Bow  Link. 

Fork  Brace*,  ropes  applied  to  the  fore  yard-arms,  to  change 
the  position  of  the  fore-sail  occasionally.  *** 

Fork  Castle,  a short  deck  placed  in  the  fore  part  of  a ship 
aoove  the  upper  deck;  it  is  usually  terminated  both  before  and 
behind  in  vessels  of  war  by  a breast-work,  the  foremost  part 
forming  tho  top  of  the  beak  head,  and  the  hind  part  reaching 
to  the  after  part  of  the  fore  chains.  Fore  Cattle  Men,  sailors 
statiooed  on  the  fore  castle,  who  are  generally  prime  seamen. 

Fork  Cat- Harping s,  a complication  of  ropes  used  to  brace  in 
the  upper  part  of  the  fore  shrouds. 


Four  Closed,  in  Law,  signifies  the  being  shut  ont,  and 
excluded  or  barred,  the  equity  of  redemption  on  mortgages,  See. 

Fork  Foot,  a piece  of  timber  which  terminates  the  keel  at 
the  fore  end  ; it  is  connected  by  a scarf  to  the  extremity  of  the 
keel,  and  the  other  end  of  it  which  is  incurvated  upwards  into 
a sort  of  knee,  is  attached  to  the  lower  end  of  the  stem  ; it  is 
also  called  a gripe.  As  the  lower  arm  of  the  fore  foot  lies  on 
the  same  level  with  the  keel,  so  the  upper  one  coincides  with 
the  middle  line  of  the  stem ; its  breadth  and  thickness  there- 
fore correspond  with  the  dimensions  of  those  pieces,  and  the 
heel  of  the  cutwater  is  scarfed  to  its  upper  end. 

Fore  Land,  a cape  or  promontory  projecting  into  the  sea, 
as  the  North  and  South  Forelands. 

Fork  Tackle,  tackle  on  the  fore  mast,  and  also  tackle  used 
for  stowing  the  anchor.  Foreton  Mm.  men  stationed  in  the 
forctop,  in  readiness  to  set,  or  take  in  the  smaller  sails,  and  to 
keep  the  tipper  rigging  in  order. 

Fori;  Banner  of  the  Line,  a small  piece  of  red  buntin,  laid 
into  that  line  at  a certain  distance  from  the  log,  the  space 
between  them  being  called  the  stray  lino,  which  is  usually  from 
twelve  to  fifteen  fathoms,  and  is  an  allowance  for  the  log  to  be 
entirely  out  of  the  ship’s  dead  water,  before  they  begin  to  esti- 
mate the  ship’s  velocity,  consequently  the  knots  begin  from 
that  point.  See  the  article  Loo. 

Fork  Staff",  is  an  instrument  used  at  sea  for  taking  the 
altitudes  ofneavenly  bodies.  Tbe  fore  staff,  called  also  cross 
staff,  takes  its  denomination  hence,  that  the  observer  in  using 
it  turns  bis  face  towards  the  object,  in  contradistinction  to  tbe 
back  staff,  where  he  turns  his  back  to  the  object. 

FOREIGN  Seamen,  serving  two  years  on  board  British  ships, 
whether  of  war,  trade,  or  privateers,  during  the  time  of  war, 
shall  be  deemed  natural-boro  subjects. 

FOREJUDGER,  in  Law.  a judgment  whereby  a roan  is 
deprived,  or  put  out,  of  the  thing  in  question. 

FOREST,  in  Law,  a certain  territory  of  woody  ground  and 
fruitful  pastures,  privileged  for  wild  beasts  and  fowls  of  forest, 
chase,  and  warren,  to  rest  and  abide  under  the  protection  of  the 
king,  for  his  princely  delight.  Every  forest  is  supposed  to  be 
bounded  by  unremovable  marks  and  merci,  either  known  by 
matter  of  record  or  prescription.  Besides  the  New  Forest  in 
Hampshire,  there  arc  G8  oilier  forests  in  England,  13  chases, 
and  more  than  700  parks.  New  Forest  lies  on  the  sea  side, 
Hampshire,  Kirwood  forest  is  on  the  banks  of  tbe  Trent,  Dean 
forest  on  tbe  Severn,  and  Windsor  forest  on  the  Thames.  A 
forest  strictly  taken  cannot  be  in  tbe  hands  of  any  but  the  king, 
who  alone  has  power  to  grant  a commission  to  the  justice  in 
eyre  of  the  forest;  yet  if  he  grants  a forest  to  a subject,  that 
subject  and  his  heirs  shall  have  a justifies  in  the  forest,  in 
which  case  the  subject  has  a forest  in  law.  Beasts  of  tbe 
forest  are  the  hart,  hind,  buck,  doe,  bear,  wolf,  fox,  hare. 

Forest  Courts  take  cognizancee  of  all  trespasses  committed 
in  the  said  forests,  whether  these  be  injuries  done  to  the  veni- 
son, the  vert,  or  greensward,  or  to  the  covert  in  which  such 
deer  are  lodged.  And  the  forest  laws  arc  laws  peculiarly  appli- 
cable to  the  forests,  being  different  from  the  common  law  of 
Bogland. 

FORESTALLING,  is  tbe  buying  or  bargaining  for  any  corn, 
cattle,  or  other  merchandise,  by  the  way,  before  it  comes  to  any 
market  or  fair  to  be  sold  ; or  as  it  comes  from  beyond  the  seas, 
or  otherwise,  towards  any  port  or  creek  of  this  realm,  to  sell 
the  same  again  at  a higher  price.  At  tho  common  law,  all 
endeavours  to  enhance  the  price  of  merchandise,  and  all  prac- 
tices which  have  a tendency  thereto,  whether  by  spreading  false 
rumours,  or  by  purchasing  things  in  a market  before  the  accus- 
tomed hour,  or  by  buying  and  selling  again  the  same  thing  in 
the  same  market,  or  by  such  devices,  are  criminal,  and  punish- 
able by  fine  and  imprisonment. 

FORESTER,  a sworn  officer  of  the  forest,  appointed  hy  tbe 
king's  letters  patent  to  walk  the  forest  at  all  hours,  watch  over 
the  vert  nod  venison ; also  to  make  attachments  and  true  pre- 
sentments of  all  trespasses  committed  within  the  forest. 

FORFEITURE,  in  Law,  a transgression,  or  offence,  or  more 
properly  speaking,  the  effect  of  such  transgression,  as  tbe  loss 
of  privilege,  right,  estate,  honour,  office,  or  effects,  either  in 
eipi/  or  criminal  cases.  In  civil  cases,  as  when  a tenant  in  tail 
makes  leases  not  warranted  by  the  statute,  a forfeiture  is  com- 
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milled,  and  he  who  In*  the  ininicdialc  reversion  mny  enter 
upon  possession.  In  criminal  rases,  it  is  two-fold  ; of  real  and 
personal  estates,  as  by  attainder  in  high  treason ; nr  in  petty 
treason  and  felony,  of  all  chattel  interests  absolutely,  and  the 
irofits  of  all  freehold  estates  during  life  and  after  death,  of  all 
amis  and  tenements  in  fee  simple  (but  not  those  in  tail),  to  the 
crown  for  a year  and  a day,  &c.  Lands  arc  forfeited  upon 
attainder,  and  not  before;  goods  and  chattels  arc  forfeited  by 
conviction. 

FORF1CULA,  Earwig,  an  insect  of  the  coleoptera  order. 
The  wings  of  this  insect  are  remarkably  elegant,  and  aro  con- 
voluted beneath  their  small  sheaths  in  a curious  manner  ; they 
arc  very  large  in  proportion  to  the  animal,  transparent,  and 
slightly  iridescent.  The  earwig  flies  only  by  night,  and  it  is 
with  difficulty  made  to  expand  its  wings  by  day.  The  popular 
dread  in  which  this  insect  is  held,  on  a supposition  of  its  some- 
times entering  the  ear.  and  piercing  the  timpanum,  is  con- 
sidered by  some  as  problematical,  though  there  are  undoubtedly 
instances  of  earwigs  having  accidentally  taken  shelter  in  the 
cars  of  persons  asleep,  and  occasioning  great  pain.  The  best 
means  of  expelling  them  is,  to  drop  a small  quantity  of  brandy 
or  other  spirit  into  the  car. 

FORGE,  a little  furnace,  as  that  used  by  smiths,  &c.  or, 
simply,  a pair  of  bellow  s,  the  muzzle  of  w hich  is  directed  upon 
a smooth  area,  on  which  coals  are  placed.  See  Bellows. — 
Forge  is  also  used  when  spenkiug  of  a large  furnace,  wherein 
iron  ore  taken  out  of  the  mine,  is  melted  down;  or  it  is  more 
properly  applied  to  another  kind  of  furnace,  wherein  the  iron 
ore  melted  down  and  separated  in  a former  furnace,  and  then 
cast  into  sows  and  pigs,  is  heated  and  fused  over  again,  and 
beaten  afterwards  with  large  hammers,  and  thus  rendered  more 
soft,  pure,  ductile,  and  fit  for  use. 

Forge  Blowing  Enaint,  by  Mr.  Paterson,  Lanark.  The 
improvement  in  this  blowing  engine  is,  that  by  the  use  of  two 
cylinders  blowing  alternately,  the  blast  is  equalized  without 
cither  a water-pressure  or  an  air-vessel ; and  thus,  without  the 
aid  of  these,  and  with  less  weight  upon  the  moving  power, 
whether  steam-engine  or  water-wheel,  a constant  and  steady 
blast  is  obtained. 

Description. — This  machine  has  been  used  for  some  time  bark. 
It  is  driven  by  a water-wheel  of  five  horse  power,  and  has  been 
found  preferable  to  a blast  from  one  cylinder.  Mr.  Paterson 
can  smelt  at  least  one-third  more  iron  with  the  same  quantity  of 
coke,  and  make  larger  pigs  ; and  besides,  the  iron  is  much 
more  fluid  or  better  fused,  than  was  the  case  when  he  used  the 
blowing  engine  with  one  cylinder.  He  farther  considers  it  a 
great  advantage  for  the  machinery,  as  it  entirely  does  away 
jolting,  the  crank  being  alike  strained  at  all  poinls.  A,  (see 
the  engraving,)  the  upright  cylinder  ; B,  the  horizontal  cylin- 
der; C,  C,  the  two  connecting  rods;  D,  the  crank;  E,  the 
walking  beam;  F,  the  parallel  motion;  G,  the  pipes  for  con- 
veying the  blast  to  the  cupola  ; H,  the  cupola  or  furnace  ; I, 
the  small  wheel,  running  upon  a cast  iron  bar,  with  a groove  in 
its  top,  in  order  to  keep  the  piston  rod  parallel;  K,  is  two 
cast  iron  plates  standing  on  edge,  to  allow  the  connecting  rod 
to  move  between  them,  and  to  support  the  upright  cylinder ; 


L,  L,  the  chests  where  the  valves  are  placed  to  admit  the  air 
into  the  upright  cylinder,  but  they  cannot  be  shewn  in  the 
plate.  The  valves  in  the  horizontal  oylinder  arc  fixed  to  the 
euds  of  the  cylinder,  and  open  inwards  to  admit  the  air  into  it. 


M,  M,  the  pedestals  for  the  cylinder  nnd  crank  to  be  fixed 
upon  ; N,  the  spring  beams  for  carrying  the  walking  beam  ; 
O,  a beam  to  go  across  the  house  to  support  the  spring  beams 
and  the  walking  beams. — Glasgow  Mech.  Mag. 

Forge  Furnace.  The  forge  furnace  consists  of  a hearth, 
upon  which  a fire  may  be  made,  and  urged  by  the  action  of  n 
large  pair  of  double  bellows,  the  nozzle  of  which  is  inserted 
through  a w all  or  parapet  constructed  for  that  purpose.  Black 
lead  pots,  or  small  furnaces  of  every  desired  form,  may  be 
placed,  as  occasions  require,  upon  the  hearth  ; and  tho  tube  of 
the  bellows  being  inserted  into  a hole  in  the  bottom  of  the 
furnace,  it  becomes  easy  to  urge  the  heat  to  almost  any  degree 
required. 

Forge  Hammer,  moved  by  steam.  We  shall  here  present 
our  readers  with  a recent  application  of  steam  to  work  a forge 
hammer,  which  from  the  engraving  nnd  description,  must  be 
easily  understood  by  all  persons  connected  with  iron  factories. 


Description. — A,  ihc  cylinder,  the  bottom,  n,  of  which  is  kept 
very  hot  by  the  tire  in  the  stove,  S.  B,  the  beam,  vibrating  on 
a centre,  C.  1),  the  anvil.  E,  tho  iron  to  be  forged.  F,  F,  F, 
the  foundation  or  floor  for  the  machine  to  rest  on.  G,  a cistern, 
filled  with  water  a<  high  as  f,  and  the  remaining  part  with  air. 
H,  the  hammer.  I.  a weight,  heavy  enough  to  lift  the  hammer, 
and  to  overcome  the  friction  of  the  machine.  K,  a pair  cf 
smith's  bellows  inverted,  which  receives  motion  from  the  beam, 
U.  by  means  of  the  connecting  rod,  Q.  L,  an  upright  shaft, 
fastened  to  the  top  of  the  cylinder,  A.  to  which  tho  radius  rod 
of  the  parallel  motion,  P,  is  fixed.  R,  a rod  to  let  water  into 
the  cylinder,  move  the  forcing  pump,  Z.  and  let  steam  out  of 
the  cylinder.  This  rod  has  a hole  in  it  about  onc-cightli  of  an 
inch  long  ; and  when  the  hammer  is  at  its  greatest  height,  as 
is  shewn  in  the  figure,  this  rod  is  at  the  bottom  ; the  hole,  a, 
comes  opposite  to  tho  pipe,  p,  and  allows  the  water  to  be 
forced  out  of  the  cistern.  G.  into  the  cylinder.  A,  (which  is  mado 
air-tight  at  top,  in.  and  rather  broader  in  the  inside,  to  allow 
the  water  to  pass  to  the  bottom,  a,)  which  is  immediately  con- 
verted into  steam,  and  thus  gives  a very  great  force  to  the 
hammer.  This  tod  at  the  same  time  shuts  the  communication 
with  the  ntmosphere,  by  means  of  the  pins  xx,  and  crank  r, 
more  fully  exhibited  in  fig.  2.  When  the  end,  Y,  of  the  beam 
is  at  the  top,  the  bottom  pin,  a,  lifts  up  the  crank,  e,  and  allows 
the  steam  to  puss  through  the  groove  g,  (which  is  made  in  the 
steel  cock,  eg,  exactly  to  the  centre,)  into  the  atmosphere,  and 
allows  the  piston  to  descend.  The  piston  of  the  forcing  pump, 
Z,  is  also  lifted  by  this  rod  by  the  catch,/ ; but  os  the  beam 
descends,  it  docs  not  force  down  the  piston,  but  lets  the  weight, 
w,  force  the  water  up  the  pipe.  T,  according  as  it  is  consumed, 
te,  a cork  for  stopping  the  engine. — London  Mech.  Mag. 

FORGERY,  in  Common  Law,  the  fraudulent  making  ov 
altering  of  writing  to  the  prejudice  of  another  roan's  right;  for 
which  the  offender  may  suffer  imprisonment,  banishment, 
death.  Forgeries  in  court  rolls,  wills,  deeds,  bonds,  acquit- 
tances of  debts,  arc  all  felonies  ; in  bank  bills,  bills  of  credit, 
prontissary  notes,  stamps,  &c.  felonies  without  benefit  of  clergy  ; 
aiding  and  abetting  in  any  forgery  of  a deed  bond,  bill  v-f 
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exchange,  indorsement,  assignment,  Ac.  is  felon y without  benefit 
of  clergy.  .SVe  I’histim;. 

FORLORN  Hope,  in  the  Military  art,  signifies  men 
detached  from  several  regiments,  or  otherwise  appointed,  to 
make  the  first  attack  in  day  of  battle,  or  at  a siege  to  storm  the 
counterscarp,  mount  the  breach,  or  the  like.  They  are  so 
called  from  the  great  danger  they  are  unavoidably  exposed  to. 

FORM,  Printer’s,  an  assemblage  of  letters,  words,  and 
lines,  disposed  into  pages  by  the  compositor,  and  from  which 
the  printed  sheets  are  taken. 

FORMA.  Pauperis,  in  Law,  is  when  any  person  having  cause 
of  suit,  and  cannot  support  the  charges,  upon  affidavit,  that  he 
is  not  worth  five  pounds,  the  court  admits  him  to  sue  without 
fees  or  paying  costs. 

FORMATIONS,  the  rocks  and  other  solid  arrangements  of 
matter,  of  which  the  globe  is  composed,  are  considered  by 
geologists  as  having  been  formed  at  different  times  ; and  hence 
they  speak  of  older  and  later  formations,  limestone  formations, 
sandstone  formations,  and  such  like. 

KORMIATES,  compounds  of  the  formic  acid  with  earths, 
alkalies,  and  metallic  oxides. 

FORMIC  Acid,  is  obtained  from  ants,  either  by  simple  dis- 
filiation,  or  by  infusing  them  in  hot  water,  and  afterwards 
distilling.  It  may  afterwards  be  purified  by  repeated  rectifica- 
tion, or  it  may  be  done  in  the  time  of  frost.  This  acid  has 
been  employed  by  quacks  to  relieve  the  pain  of  the  toothache. 
Tt  has  a very  sour  taste,  and  remains  liquid  at  a low  tempera* 
tore.  Specific  gravity  at  68°  is  11 168. 

FORMICA,  the  Ant.  a well-known  insect  of  the  class  hyme- 
noptera.  There  are  eighteen  species,  which  live  in  a social 
state,  and  are  divided  into  males,  females,  and  neutrals.  These 
last  condoct  the  business  of  the  nest,  which  is  usually  placed 
at  a little  distance  from  the  surface,  in  some  slight  elevation 
prepared  by  the  insects  themselves,  or  previously  formed  by 
moles,  Ac.  Ants  feed  on  animal  and  vegetable  substances, 
devouring  caterpillars.  &c.  as  well  as  fruits. 

FORMULA,  or  Form,  in  Analysis,  is  any  general  theorem  or 
literal  expression,  and  is  said  to  he  algebraical,  logarithmic, 
trigonometrical,  Ac.  according  as  it  relates  to  either  of  these 
subjects. 

FORNICATION,  the  act  of  incontinency  in  single  persons  ; 
for  if  either  party  be  married,  it  is  adultery.  The  spiritual 
coart  bath  the  proper  cognizance  of  this  offence;  but  formerly 
the  eourls-leet  had  the  power  to  inquire  of  and  punish  forni- 
cation and  adultery  • in  which  courts  the  king  had  a fine 
assessed  on  the  offenders,  as  appears  l»y  the  book  of  doomsday. 

FORT,  a small  fortified  place  environed  with  a moat,  ram- 
part, and  parapet.  Forts  ore  of  different  figures  and  magni- 
tudes. Some  are  fortified  with  bastions,  and  others  with  demi- 
bastions.  See  the  following  articles. 

FORTIFICATION,  a species  of  Military  Architecture,  con- 
sists of  the  plauning  ana  erecting  of  such  works  of  defence, 
agreeably  to  geometrical  principles,  as  may  protect  a town,  or 
any  position,  fiom  the  capture  of  an  enemy.  But  the  reader 
must  not  expect  here  to  find  a treatise  on  each  branch  of  the  art. 
Confining  ourselves  to  facts  and  terms,  our  observations  will 
savour  more  of  definitions  than  rules  for  practice.  Fortification 
is  usually  divided  into  ancient  and  modern ; offensive  and 
defensive  ; regular  and  irregular. 

Aneient  Fortification  consisted  principally  of  defences  con- 
structed with  trunks  and  branches  of  trees,  mixed  with  earth, 
for  security  against  the  attacks  of  an  enemy.  Afterwards, 
w hen  buttering  rams,  catapults,  and  other  instruments  of  attack 
were  invented,  fortifications  were  constructed  of  thick  walls  of 
brick  or  atone,  with  towers,  placed  at  suitable  distances. 

Tho  object  of  Modern  Fortification  is  to  furnish  defence 
against  assailants  with  fire-arms  ; the  walls  arc  turned  into 
ramparts,  the  towers  into  bastions,  defended  by  numerous 
outworks,  so  constructed  that  they  cannot  be  beaten  down  but 
by  the  fire  of  cannon.  The  works  arc  contrived  so,  that  one  part 
flanks  or  defends  another,  and  render  the  approach  of  the 
besiegers  to  any  part  very  dangerous. 

Ref  Jar  Fortifications,  arc  erected  in  the  shape  of  regular 
polygons,  the  sides  being  at  least  a musket-shot  from  each 
other,  and  fortified  according  to  the  rules  of  art.  See  Bastion. 
— Irregular  Fortifications,  on  the  contrary,  are  those  whose 

36. 


sides  and  angles  are  not  uniform,  owing  to  some  irregularity 
of  the  ground.  These  usually  occnr  in 

Field  Fortification,  or  the  constructing  of  temporary  works  for 
an  army  intrenched,  or  fortified  in  the  field.  In  this  position 
it  covers  a country,  supplies  the  want  of  numbers,  stops  a 
superior  enemy,  or  obliges  him  to  engage  at  a disadvantage. 
The  materials  used  for  field  fortifications,  are  such  as  can  be 
readily  obtained,  viz.  sand  bags,  earth,  and  fascinrs,  or  fagots 
of  small  wood,  ten  feet  long  and  one  foot  thick,  fastened  to  the 
parapet  by  pickets  driven  obliquely  into  the  bank.  Turf  is 
sometimes  used  when  wood  cannot  be  procured,  being  four 
inches  thick  and  eighteen  iuches  square.  Bridges  of  boats  are 
employed  for  facilitating  the  transport  of  troops  across  deep 
rivers,  and  arms  or  straits  of  the  sea.  See  Bastion. 

A new  method  of  Defending  Ships  and  Fortifications  against 
Cannon-balls,  and  of  causing  them  to  fly  back  again  on  tho 
Enemy.  By  Lewis  Gompertz,  Esq. 

Having  made  some  experiments  on  a plan  which  I had 
designed,  for  rendering  ships  and  fortifications  shot  proof,  and 
of  causing  several  of  the  halls  which  might  be  fired  against 
them,  to  return  upon  the  enemy  ; and  having  found  my  experi- 
ments (which  were  on  a small  scale)  to  answer  ray  expec- 
tations, I have  here  to  explain  the  nature  of  the  plan,  with  the 
hopes  that  it  may  be  farther  considered  by  those,  whose  scien- 
tific and  practical  information  qualify  them  for  judging  how 
far  it  might  succeed  on  a larpe  scale. 

But  before  I enter  into  this  description,  I think  it  proper  to 
observe,  that  the  chief  utility  it  may  promise,  is  in  its  appli- 
cation to  merchant  vessels,  ships  of  passage.  Ac.  and  for 
fortifications;  bat  for  ships  of  war  (as  it  could  he  adopted  by 
both  parties)  its  effect  would  become  neutralised,  though  it 
seems,  that  even  In  this  case  it  would  save  the  men  from 
injury,  and  would  always  he  iu  favour  of  the  weak  and  defen- 
sive side,  its  nature  being  that  ol  defending  itself,  and  return- 
ing the  blows,  but  without  any  power  of  attacking,  unless 
furnished  with  guns  also. 

Figs.  4 and  6,  shew  two  views  of  a ship  made  on  the  plan; 
fig.  3,  is  a section  of  a side  drawn  larger ; the  form  of  it  being 
apparent  by  the  drawing.  In  the  three  figures.  3.  4.  and  5,  the 
same  letters  refer  to  the  same  parts.  N W A L is  a concave 
curve  to  return  the  halls  which  strike  it.  and  PCO  is  a trian- 
gular piece  (extending  beyond  NM  and  L K)  which  goes  all 
round  the  ship,  to  protect  the  most  perpendicular  part  of  the 
curve  W A from  being  struck  directly  (otherwise  it  would  lie 
easily  perforated,)  and  which  triangular  piece,  on  being  struck 
somewhat  horizontally,  evades  the  balls,  and  guides  them  pro- 
perly to  the  return  part  N W A L.  so  that  they  fallow  the  shape 
of  it,  and  return.  The  part  NM  above  the  curve  where  the 
port-holes  are,  and  the  part  LKQ  below  it,  are  made  oblique, 
to  evade  those  bails  which  strike  them,  the  part  N M sending 
them  onwards,  and  the  part  LKQ  directing  them  into  tho 
water,  though  it  must  be  confessed,  that  some  of  the  former 
would  thereby  occasionally  be  thrown  into  the  rigging.  There 
are  a number  of  supports  shewn  near  P.  fig.  4,  and  also  faintly 
expressed  in  fig.  6,  which  fasten  the  triangular  piece  to  the 
ship,  and  the  more  acute  the  outward  angle  is,  the  less  force 
will  it  generally  he  struck  with. 

Fijf.  1,  is  also  a section  of  a side  of  a different  construction, 
but  inferior,  and  less  applicable ; though,  being  more  simple, 
and  on  nearly  the  same  principles,  I will  describe  the  nature 
of  that  first,  or  rather  both  together,  the  same  reasoning  apply- 
ing to  each.  B C is  the  side  forming  an  acute  angle  with  the 
water,  and  extending  some  way  under  the  water,  but  not  far, 
as  balls  do  not  generally  penetrate  that  part  of  a ship  which  is 
far  below  the  surface  of  the  water.  S T is  a board  placed  as 
shew  n,  shaded,  so  that  there  shall  exist  a vacancy  between  itself 
and  the  side  of  the  ship ; this  vacancy  grows  progressively  less 
upw -arils,  till  there  is  only  room  left  for  a ball  to  pass  ; and  the 
board  is  fastened  by  different  supports  in  places  to  the  ship, 
but  these  are  not  put  in  this  figure,  as  they  would  hide  the 
operation.  The  part  W is  so  curved  as  to  return  the  balls 
after  they  have  struck  the  inclined  part,  but  as  rm  this  con- 
struction the  return  part  might  be  struck  by  balls  coming 
directly  against  it,  without  weir  having  struck  the  inclined 
part,  it  might  be  required  to  make  the  most  perpendicular 
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place  of  it  near  P,  strong  enough  to  resist  the  balls,  this  por- 
tion of  the  curve  being  very  small.  The  effects  then  will  vary 
in  different  cases,  and  will  depend  on  the  hardness,  and  on  the 
elasticity,  of  the  material  of  the  side  of  the  ship,  and  of  the 
ball;  also  on  the  forco  with  which  the  balls  are  fired.  The 
following  results,  it  seems,  would  then  be  produced  : — 

Case  1.  If  the  ball  and  the  side  were  perfectly  elastio,  and  of 
sufficient  hardness  not  to  be  broken,  or  if  only  the  side  were 
perfectly  elastic,  then,  according  to  the  established  law,  the 
ball  would  be  reflected  backwards  and  forwards  in  fig.  1, 
between  the  side  C B and  board  S T,  and  in  fig.  3,  between  I C 
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and  I H,  at  eauiangles,  and  would  not  follow  the  shape  of  the 
curve ; and  it  the  force  of  the  ball  should  not  be  too  much 
destroyed  by  the  operation,  it  would  at  last  be  reflected  off, 
though  most  likely  not  in  a proper  direction  to  reach  the 
enemy. 

2dly.  If  neither  the  side  nor  the  ball  should  possess  any 
elasticity,  and  the  side  were  perfectly  hard,  whether  the  ball 
should  he  hard,  or  whether  it  should  be  soft,  (so  as  to  indent.) 
it  would  be  turned  out  of  the  direction,  and  would  in  fig.  1,  if 
struck  at  H,  proceed  up  the  inclined  side  BO,  then  following 
the  shape  of  the  curve  W,  (the  motion  of  the  centre  being 

Fig.  A. 


shewn  dotted  at  I P Q.)  and  it  would  then  return  to  x ; and  in 
fig.  3,  if  it  should  strike  at  H,  it  would  proceed  in  the  direction 
of  the  whole  shape  NWAL,  (the  motion  of  the  centres  being 
shewn  dotted  at  HI  JR.)  and  it  would  return  as  the  arrows 
point;  but  if,  in  fig.  1,  it  should  strike  at  V,  or  in  fig.  3.  at  G, 
the  respective  balls  would,  after  sliding  or  rolling  op  the  boards 
T8  fig.  I,  and  I C,  fig.  3.  strike  each  of  the  corves  in  such  a 
direction  as  to  follow  their  shapes  and  return,  without  any 
reflection  taking  place ; and  in  fig.  3,  those  balls  which  entered 
at  G would  return  at  x,  and  vice  rersa. 

Case  2.  If  the  force  of  the  ball  K,  fig.  1,  should  only  be  so  far 
evaded  by  the  inclination  of  the  side,  as  to  penetrate  to  about 
half  the  depth  of  its  own  size  or  leu,  (shewn  large  at  xy,  fig.  2,) 


and  If  there  were  no  elasticity  in  the  substances,  there  would, 
it  seems,  then  arise  a great  force  to  repel  the  ball  beyond  what 
is  Immediately  caused  by  the  inclination  of  the  side,  on 
account  of  the  rotary  motion  the  ball  would  have  acquired  by 
its  action  against  the  inside  of  the  indentation  ; then  suppose 
B A H Q,  fig.  2,  be  a section  of  a ball  going  nearly  in  a parallel 
direction  C B,  and  suppose  IKLQ  bo  the  indentation,  in 
which  place  we  will  fancy  the  substance  of  the  aide  to  be  so 
hard  as  not  to  give  wny  any  more ; the  effect,  it  seems,  woold 
then  be,  that  the  centre  of  the  ball  B would  begin  to  describe 
part  of  a circle  B N,  about  the  centre  I,  (the  point  where  the 
indentation  and  the  remainder  of  the  side  meet,  and  of  the 
size  of  the  ball  itself.)  Then,  if  the  indentation  should  be  deep 
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and  the  velocity  great,  the  ball  would  be  forced  completely  out 
of  it,  and  fly  far  above  the  top  of  the  ship,  became  the  part  of 
the  circle  B N which  the  centre  B of  the  ball  would  begin  to 
describe,  would  be  nearly  perpendicular  to  the  side  8 l>,  and 
as  there  would  be  nothing  to  change  the  direction  of  the  ball 
after  it  had  once  acqoirrd  this  new  motion,  it  would  fly  off  in 
the  direction  of  the  most  perpendicular  part  of  the  circle  B N, 
and  continue  in  this  direction,  though  not  of  the  continued 
circle  BN,  hut  in  a straight  line  BR;  if,  however,  the  inden- 
tation should  be  small,  the  line  BR  would  be  more  nearly 
parallel  to  the  side  S D,  in  which  case,  the  motion  of  the  ball 
would  not  he  caused  to  differ  so  much  from  the  direction  of 
the  side,  hut  that  it  might  strike  the  flat  board  T S,  fig.  1,  in  a 
direction  K V,  which  would  prevent  it  from  flying  away,  and 
direct  it  to  the  side  again,  so  that  it  followed  the  return  part 
and  flew  back  again,  after  having  been  reflected  haokwards 
and  forwards  (not  by  means  of  anv  elasticity,)  hut  by  the  re- 
action of  the  inside  surface  of  the  indentation  against  the  ball, 
as  before  described  ; and  as  there  would  be  a loss  of  force  at 
every  blow,  each  indentation  would  be  less  than  the  preceding 
one,  and  each  angle  of  reflection  would  be  more  obtuse,  as  is 
shewn  in  fig.  3,  till  the  ball  arrived  at  the  return  part  W A,  so 
as  to  follow  the  shape  of  Jt.  ceasing  sensibly  to  rebound  when 
the  indentation  ceased  sensibly  to  take  place ; but  as  the  inden- 
tation and  point,  1,  would  not  be  so  hard  as  assumed,  the  effect 
would  not  be  exactly  as  described ; though,  as  there  would  be  a 
continual  tendency  for  it  to  be  so,  according  to  the  hardness  of 
the  side,  it  would  he  produced  to  a certain  degree,  and  the  hall 
would  accordingly  continually  widen  the  indentation,  and  come 
out  at  some  other  point  T,  instead  of  I,  fig.  2 ; and  as  the  new 
direction  would,  by  the  yielding  of  the  substance,  be  less  per- 
pendicular than  when  the  material  was  extremely  bard,  the  1 
ball  would  he  the  more  inclined  to  follow  the  curvature  of  the 
side,  and  to  return,  and  the  less  inclined  to  fly  over  the  top  of 
the  ship,  as  the  angles  of  reflection  would  thereby  become  still 
more  obtuse  every  time  that  the  indentations  it  would  produce 
in  its  course  would  widen,  as  jnst  alluded  to. 

It  seems  that  the  tendency  of  being  reflected  by  the  reaction 
of  the  indentation  would  exist,  in  some  degree,  till  the  ball  was 
completely  buried,  allowing  Die  material  of  the  side  of  the  ship 
to  be  as  deep  as  the  bail ; because,  suppose  the  ball  be  par- 
tially buried  to  H M,  fig.  2,  (above  the  diameter,)  and  allowing 
even  that  it  should  still  be  as  much  inclined  to  go  in  its  original 
direction  C B as  it  was  at  first,  (though  it  is  evident,  that  it 
most  have  acquired  some  tendency  to  alter  its  direction,  by  the 
blow,  Ac.;)  then,  to  see  this  clearly,  to  the  diameter  xy, 
which  is  parallel  to  the  side  of  the  ship,  draw  another  diameter 
V K , perpendicular  to  it.  It  will  then  be  obvious,  that  as  the 
ball  continued  to  penetrate,  it  would  be  opposed  at  its  whole 
buried  surface  H k,  and  it  is  also  plain  that  if  the  resistance 
to  the  part  of  the  ball  between  x and  K tended  to  press  the 
ball  uptcardt,  that  resistance  above  this  line  between  r and  V 
would  tend  to  bury  it  still  deeper ; but  as  the  whole  of  the  arc 
x K would  be  greater  than  part  of  the  arc  zV,  (H  V being  by 
hypothesis  unburied,)  arc  * V would  always  cause  most  resist- 
ance; there  would  consequently  be  more  than  a balance  of  force 
to  press  it  upwards,  which  would  exist  till  the  ball  was  wholly 
buried,  but  would  then  cease. 

But,  both  in  this  case  and  in  case  1,  the  ball  is  inclined  to 
two  modes  of  acting,  either  ia  going  up  the  side,  or  out  of  the 
indentation  ; that  ia,  by  rolling  or  tUding,  both  of  which  would 
rob  the  ball  of  some  of  its  force,  by  the  friction  produced,  but 
the  less  should  be  the  impediments  which  cause  friction,  the 
more  would  it  be  inclined  to  slide,  and  the  more  of  them  there 
should  be,  the  more  would  it  be  inclined  to  roll,  in  its  coarse, 
but  even  this  would  also  rob  the  ball  of  some  of  its  progressive 
force,  and  would  he  partly  spent  in  giving  a new  motion  (of 
rotation)  to  it,  which  would  assist  it  to  roil  up  the  side  of  the 
•hip,  or  to  roll  out  of  the  indentation  ; but  it  must  he  particu- 
larly observed,  that  either  the  rotary  motion  of  the  bail,  or  the 
action  of  its  curved  surface  in  sliding,  would  tend  to  force  the 
centre  of  the  hall  out  of  the  indentation  in  the  same  manner,  as 
it  is  easily  to  he  perceived  that  the  centre  would  describe  the  j 
same  curve,  if  it  were  to  roll  or  to  slide. 

It  is  moreover  evident,  that  thii  power  of  turning  the  hall 
from  its  direction,  would  be  added  to  (hot  derived  immediately  , 


from  the  obliquity  of  the  side,  though  this  would  be  the  cause 
of  it  all,  or,  in  other  words,  the  effect  would  hr  different  (what- 
ever was  the  hardness  of  the  side)  from  what  it  would  he  if  the 
ball  were  a mere  point  or  flat  body,  acting  against  another  flat 
oblique  surface  or  indentation. 

Gut  3.  If  the  force  should  be  so  great  that  the  ball  entirely 
buried  itself,  there  would  even  then  be  two  circumstances  in 
favour  of  this  construction ; first,  that  the  bail  would  have  to 
perforate  through  a greater  substance  than  if  the  side  were 
perpendicular  to  the  motion,  the  distance  of  which  is  shewn  at 
HK  fig.  1,  and  tho  oblique  distance  shewn  at  IlO;  and 
secondly,  because  the  change  of  motion  which  would  lake 
place  before  the  ball  was  quite  buried,  (as  above  described,) 
would  still  farther  increase  the  length  of  substance  to  be  per- 
forsted  by  it,  aod  the  course  of  the  hall  might  be  so  much 
changed,  that  it  should  (after  it  was  quite  sunk)  have  to  per- 
forate the  side  through  the  remainder  of  its  length  upwards, 
instead  of  through  its  direct  thickness. 

It  would  he  possible,  however,  for  the  balls  to  come  in  a 
perpendicular  direction  to  the  side,  and  to  go  through  it 
directly,  but  it  is  improbable  that  this  should  frequently  be 
the  case;  and  it  seems  that  it  would  he  less  likely  to  happen  if 
it  were  fired  at  from  a short  distance,  than  from  a great  one, 
as  then  only  a moderate  elevation  of  the  guns  would  he  re- 
quired, whereas,  when  tho  distance  was  small,  the  elevation 
would  become  so  great,  that  it  would  be  extremely  difficult  to 
tako  an  aim  so  that  the  balls  should  come  down  upon  it. 

Neither  of  the  cases,  however,  would  altogether  exist  as 
described;  but,  as  all  substances  possess  a certain  degree  of 
hardness  and  elasticity,  there  would  bo  a mixed  effect  pro- 
duced, though  I do  not  conceive  tho  elasticity  of  wood  to  be 
sufficiently  great  to  alter  the  cases  materially ; the  results 
would  therefore,  it  appears,  he  nearly  as  stated  when  the  elas- 
ticity was  not  supposod  to  exist,  but  with  some  very  sensible 
difference. 

Since  having  made  the  preceding  observations,  I have  tried 
the  experiments  relative  to  them  on  a small  scale,  and  have 
found  them  precisely  according  to  my  idea.  The  side,  fig  1. 
was  represented  by  a deal  board,  thrcc-eightus  of  an  inch  thick, 
the  return  part  W was  of  plate-iron,  and  the  inside  of  the 
board  ST  was  (perhaps  improperly)  coated  with  iron,  the 
bullets  were  of  lead,  and  about  one-third  part  of  the  weight  of 
a musket  ball,  and  they  were  fired  from  a blunderbuss  well 
charged  ; they  made  very  slight  long  dents,  not  one-eighth  inch 
deep  in  the  deal,  and  when  the  additional  hoard  T S was  not 
used,  they  flew  upwards,  and  perforated  the  irou  return  part  W; 
but  when  the  board  TS  was  added,  they  each  made  a dent 
also,  near  the  narrow  part  I,  and  followed  the  return  part  W; 
and  then  the?  returned  against  a deal  board  placed  behind  the 
stock  of  the  blunderbuss,  and  left  moderately  deep  impressions 
on  it. 

I also  made  experiments  on  the  plan  of  figs.  3,  4,  and  5, 
though  on  a still  smaller  scale,  and  on  a deal  model,  but  with 
the  same  accordant  results  to  the  remarks  I have  made. 

A thin  coating  of  iroo,  on  a wooden  side,  would  not,  I 
presume,  be  advantageous,  as  the  iron  would  bend  away  from 
that  part  of  the  ball  with  which  it  should  be  in  absolute  con- 
tact, and  the  ball  would  then  be  improperly  directed:  there- 
fore, whatever  substance  is  employed,  it  should  be  of  such  a 
nature  as  to  fit  the  ball  as  it  goes,  and  the  grain  of  the  wood 
of  which  tho  side,  See.  is  made,  should  be  in  the  direction  of 
the  motion  of  the  ball,  not  traosverse. 

It  is  scarcely  necessary  to  notice,  that  if  the  object  of  return  - 
ing  the  ball  be  dispensed  with,  the  side  may  simply  be  formed 
into  a triangle  COP,  figs.  3,  4.  and  6,  without  the  concave 
part  NIVAL;  and,  in  fig.  1,  without  the  return  part  W,  and 
board  TS,  though  the  balls  would  he  thrown  more  into  the 
rigging  by  this  means. 

The  lower  part  L should,  perhaps,  rather  bend  upwards,  to 
cause  the  balls  to  fly  a little  upwards  ia  returning,  because 
those  which  come  against  the  side  II,  figs.  3,  4.  and  ft,  w ill  not 
only  be  lowered  the  whole  distance  between  H and  L.  but  as 
they  will  return  rather  more  slowly  than  they  came,  they  will 
also  be  attracted  downwards  with  more  force  hj  tint  power  of 
gravity.  The  curve  will  likewise  be  more  effective,  if  made 
smaller  at  the  entry  N L,  than  at  the  other  part  W A.  I have 
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also  to  add,  that  a coating  of  grease  on  the  side,  flee,  is,  it  I 
seems,  of  service. 

But,  I am  fully  aware,  that  however  the  experiments  might 
have  succeeded  in  miniature,  the  great  force  of  a cannon-ball 
might  defy  them  all,  though  it  is  known  that  slight  obstructions 
affect  their  motion,  when  opposed  to  them  obliquely.  It  also 
remains  to  be  further  tried,  whether  the  balls  would  be  re- 
turned with  sufficient  force. 

Any  person  repeating  these  experiments,  should  (in  order  to 
avoid  danger)  stand  at  the  side  of  the  gnn,  at  a great  distance, 
and  tie  a siring  to  the  trigger,  and  of  course  must  not  place 
himself  either  behind  or  before  it. 

These  observations  are  meant  also  to  apply  to  fortifications, 
where,  it  seems,  that  the  plan  would  be  as  effectual,  or  more 
so,  than  for  ships. 

FORTIN,  Foktret,  or  Field  Fort,  a sconce  or  little  fort, 
whose  flanked  angles  are  generally  distant  from  one  another 
120  fathoms. 

FOSS,  in  Fortification,  a hollow  place,  commonly  full  of 
water,  lying  between  the  scarp  and  counterscarp,  below  the 
rampart;  and  turning  round  a fortified  place,  or  a post  that  is 
to  he  defended. 

Foss  Way,  one  of  tho  four  principal  highways  of  England, 
that  anciently  led  through  the  kingdom,  supposed  to  be  made 
by  the  Romans,  having  a ditch  upon  one  side. 

FOSSIL,  in  Natural  History,  any  thing  dug  out  of  the  earth; 
and  therefore  fossils  may  be  notice  or  extraneous:  the  former  shew 
no  traces  of  organization ; the  latter  arc  the  remains  of  the  vege- 
table and  animal  kingdoms  ; and  these  fossils  are  bones,  shells, 
Irees.  leaves,  Ac.  Numerous  opinions  are  entertained  of  these 
organic  remains  ; some  authors  maintaining  that  they  are  real 
stones,  and  stone  plants,  or  bones  ; others,  that  they  have  been 
buried  where  they  are  now  found,  at  the  universal  deluge. 
This  seems  the  most  natural  opinion  ; for,  in  the  tremendous 
convulsion  of  the  whole  mass  of  earth  at  the  deluge,  there  is 
great  reason  to  suppose  that  the  various  strata  would  range 
themselves  according  to  their  spccifio  gravity,  and  bury  in  one 
general  intermixture,  earths,  rocks,  plants,  quadrupeds,  fishes, 
birds,  and  preserve  them  ns  we  now  find  them,  or  at  least  give 
them  those  impressions  they  retain. 

FOTHERING,  a peculiar  method  of  endeavouring  to  stop  a 
leak  in  the  bottom  of  a ship,  while  she  is  afloat  either  at  sea  or 
at  anchor,  which  is  performed  by  fastening  a sail  at  the  four 
corners,  letting  it  down  under  the  ship's  bottom,  and  then 
patting  a quantity  of  chopped  rope  yarn,  oakum,  w ool,  cotton, 
fee.  between  it  and  the  ship's  side ; by  repeating  the  latter  part 
of  this  operation  several  times,  the  leak  generally  sucks  in  a 
portion  of  tho  loose  stuff,  and  thereby  becomes  partly  and 
sometimes  wholly  stopped.  Some  persons  prefer  thrumming 
the  sail,  instead  of  letting  down  the  loose  stuff,  hut  in  this 
mode  the  sail  is  soon  chafed  through  by  the  hole,  if  the  leak  is 
considerable,  without  affording  sufficient  substance  to  stop  it. 

FOUL,  a sea  phrase,  that  is  used  in  distinction  to  dear , and 
implies  entangled,  embarrassed.  Hence,  Foul  Anchor , when 
the  cable  is  twisted  round  the  stock  and  flukes.  Foul  Bottom, 
when  a bay  is  covered  with  weeds,  grass,  shells,  filth,  and 
Tocks.  Foul  Hawse,  means  that  the  cables  are  turned  round 
each  other,  by  the  ship  having  swung  the  wrong  way  when 
moored.  Foul  Rope,  a rope  entangled  and  unfit  for  immediate 
use.  Foul  Water,  is  water  troubled  and  rendered  turbid  by  the 
ship’s  bottom  rubbing  on  the  ground.  Foul  Wind,  is  used  to 
express  that  the  wind  is  unfavourable,  or  contrary  to  the  ship's 
course,  as  opposed  to  large  or  fair. 

FOUNDATION,  in  Architecture,  is  that  part  of  a building 
which  is  under  ground,  and  which  Palladio  makes  as  deep  as 
one-fourth  part  the  height  of  the  whole  building,  unless  there 
be  cellars,  when  it  mAy  be  somewhat  lower. 

Foundation,  in  ecclesiastical  or  political  matters,  is  a dona- 
tion or  legacy  in  money  or  lands,  for  the  maintenance  or  sup- 
port of  some  charitable  institution,  aj  a hospital,  a school,  Ac. 

FOUNDER,  To,  to  sink  or  go  down.  The  fatal  situation  of 
a ship  which  is  no  longer  able  to  keep  above  water,  through 
accident,  or  the  violence  and  continuation  of  a storm  and  the 
excess  of  the  leaks,  that  fill  her  with  water. 

Founoer,  an  artist  who  casts  metals  in  various  forms,  for 
different  uses  as  guns,  bells,  statues,  printing  characters,  Ac. 


FOUNDRY,  the  plaee  or  art  of  casting  all  sorts  of  metals, 
as,  a belt  foundry,  type  foundry,  Ac.  In  easting  types  or  letters, 
the  two  things  principally  to  be  regarded,  are  the  matter  and 
the  matrices.  The  matter  is  a compound  metal,  partly  copper, 
and  partly  lead,  mixed  in  a certain  proportion,  which  every 
letter-founder  regulates  at  his  own  discretion,  to  this  he  adds 
a quantity  of  other  metal,  to  render  the  composition  harder. 
The  matrices  of  the  letters  are  pieces  of  copper  about  1}  inch 
long,  on  which  the  impression  of  the  intended  character  has 
been  cut,  or  struck  by  puncheons,  Ac.  graven  in  relievo.  Each 
letter  has  its  proper  matrix  : there  are  particular  ones  for 
points,  figures,  rules,  head-pieces,  and  other  ornaments  of 
printing;  the  quadrats,  being  only  of  lead,  and  not  intended 
to  leave  any  impression,  are  cast  in  moulds  without  matrices; 
each  mat  rice  has  its  pnncheou  of  steel,  well-tempered.  The 
matrices  being  struck,  are  put  each  at  the  cud  of  an  iron  mould 
enclosed  between  two  tbio  pieces  of  boards,  three  inches  square; 
the  two  upper  angles  being  cut  off.  so  as  to  compose  an  irre- 
regular  hexagon.  Every  thing  belonging  to  the  mould  being 
disposed,  the  workmen  begin  to  prepare  the  matter.  The 
furnace,  whereon  the  bason  is  placed  fur  the  metal  to  be  melted 
in,  is  made  of  the  same  materials  as  crucibles.  Over  the  furnace 
is  placed  the  melting  bason,  or  copper;  divided  into  two  equal 
parts,  by  a perpendicular  partition,  tb  melt  either  hard  or  soft 
metal,  in  this  bason  they  melt  only  the  matter  already  pre- 
ared  ; that  is,  the  mixture  or  composition  made  in  the  cruei- 
les.  A small  iron  ladle  serves  to  skim  off  from  the  melted  metal 
the  impurities,  which  are  melted  over  again-  Two  workmen 
arc  employed  at  each  furnace  ; they  have  a table  on  w hich  they 
lay  the  characters  as  soon  as  they  are  cast ; to  run  the  met*, 
into  the  mould,  the  founder  holds  in  his  ladle  just  enough  for 
one  letter.  Having  filled  this  ladle,  he  pours  the  metal  through 
a funnel,  into  the  matrix  or  character.  He  then  opens  the 
mould,  and  takes  out  the  character ; and  without  toss  of  time 
shuts  it  again,  replaces  the  matrix,  and  casts  a new  letter. 
It  is  incredible  with  what  expedition  all  this  is  done.  The  letter 
being  cast,  the  workman  views  it  before  he  breaks  off  llic  jet, 
to  see  whether  it  be  perfect,  otherwiso  he  throws  it  among 
the  refuse  of  the  fount. 

When  the  letters  arc  composed,  they  remain  to  be  justified , 
which  is  a very  delicate  operation,  that  embraces  their  being 
polished  and  squared  bv  boys,  and  finished  by  the  most  expert 
workmen  in  the  buisness.  But  it  would  exceed  our  limits 
to  enter  upon  all  the  stages  of  this  complicated  operation  here. 

The  cxcrllcnco  of  types  consists  not  only  in  the  due  per- 
fonnanceof  all  the  operations  connected  with  their  manufacture, 
hut  also  in  the  hardness  of  Ibe  metal,  the  form  and  fine  propor- 
tion of  the  character,  and  in  the  exact  bearing  and  ranging  of 
the  letters  in  relation  to  one  another.  The  smallest  types  aro 
cast  from  an  alloy  of  26  parts  of  the  regulus  of  antimony,  and  76 
of  lead  ; the  larger.  16  of  antimony,  and  86  of  lead. 

There  are  about  twenty  different  sizes  of  types  in  general 
use,  all  of  which  are  cast  in  moulds  and  matrices,  besides 
several  larger  sorts,  which  are  cast  from  patterns  in  sand. 
The  following  tabic  gives  the  designation  of  the  twenty  sizes 
alluded  to.  and  the  spaces  they  occupy  in  printing.  They  arc 
sold  to  the  printers  by  the  pound  ; the  smallest  being  about  18 
shillings  and  the  largest  about  2s.  2d.  per  lb. 

Ubm  etek  Foot.  Line*  to  wck  Trot. 

Diamond  type  contains. . 204  Great  Primer  contains  . . 61 

Pearl 178  Paragon 41} 

Nonpareil, 143  Double  Pica,  . 41} 

Minion,.. 128  2 line  Pica 35| 

Brevier 112}  2 line  English..' Ki 

Bourgeois 102  2 line  Great  Primer, 26} 

Long  Primer, 80  2 line  Double  Pira 20} 

Small  Pica, 83  Canons In 

Pica 71}  4 line  Pica 17} 

English,...,,.  64  6 line  Pica,.. ......... . . 14} 

By  the  common  method  of  type  founding,  only  a single  letter 
is  cast  at  a time,  and  the  operation  has  been  nearly  the  same 
for  seventy  years,  A scheme  was  however  set  on  foot  about 
seventeen  years  ago,  to  enable  the  founder  to  cast  a great 
number  of  letters  at  one  time,  thirty,  or  more,  hut  it  was  not 
carried  into  practice  by  any  of  the  founders.  About  the  same 
time.  Monsieur  Didot,  assisted  by  Mr.  Donkin,  the  engineer, 
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constructed  a machine  for  a similar  purpose  ; which  was  also 
intended  to  perform  all  the  operations  of  iho  work,  by  the 
assistance  of  a boy  only. 

Tire  invention  which  we  have  now  to  describe,  is  an  improve- 
ment by  Didot,  opon  his  former  highly  ingenious  machine,  now 
rendered  capable  of  casting  300  types  at  once,  and  to  repeat 
the  operation  two  or  three  times  in  a minute.  A patent  for 
this  country  has  been  taken  out  by  Mr.  J.  L.  Vouchee,  who 
established  a type  foundry  in  Little  Queen-street,  Holboru. 
where  the  machinery  was  for  some  time  in  fnll  and  successful 
operation. 

The  number  of  drawings  which  accompany  the  specification  of 
this  patent  obliges  us  to  select  such  portions  only  as  may  best 
give  a just  idea  of  its  construction,  and  we  have  for  the  same 
reason  thrown  the  side  views  into  perspective,  which  exhibits 
the  machine  entire,  as  at  fig.  1.  Fig  3 represents  one  side  of 
the  mould  separated  into  its  component  parts.  Fig.  3 is  a sec- 
tion of  the  several  bars,  composing  both  sides  of  tho  mould. 


Fig.  4,  exhibits  a plan  of  Fig.  4. 

the  same,  fitted  into,  and 
encompassed  by  a frame  of 
iron,  a horizontal  and  per- 
spective view  of  which  Is 
riven  at  fir.  1.  The  sam 
letters  refer  to  the  same 
parts  in  each  of  the  figures. 

a fig.  3,  is  a steel  bar, 
with  horizontal  grooves,  in 
which  are  formed  the  bodies 
of  the  types;  b L is  the  bar 
which  holds  the  matrices 
t e,  each  of  which  is  ar- 
ranged opposite  to  its  re- 
spective groove  in  the  bar 
m,  to  which  it  is  screwed 
fast;  tho  bar  d is  then 
screwed  down  to  the  bar  b, 
which  holds  the  matrices  fc  firmly  in  their  places.  The  bar  « 
Is  next  laid  upon  tho  bar  a,  which  covert  the  grooves,  and 
forms  the  upper  sides  of  the  square  recesses,  shewn  also  at  # «, 
fl|f*  4f— /is  the  break-bar.  and  is  placed  in  front  of  tho  bar  a: 
a series  of  small  nicks  or  openings  arc  made  in  this  bar,  through 
which  the  fluid  metal  passes  into  the  grooves  and  matrices, 

3£ 


where  the  body  and  letter  of  the  type  is  east ; the  grooves  ate 
closed  by  the  spaces  between  the  nicks  of  the  break-bar  coming 
against  them  and  forming  the  feet  of  the  types.  The  bar  g is 
laid  upon  the  break-bar  as  a cover  to  it,  and  the  whole  six  bars 
thus  combined  form  one  side,  or  one  half  of  a pair  of  moulds, 
shewn  in  section,  fig.  3.  This  section  likewise  exhibits  the  form 
of  the  apertures  through  which  the  fluid  metal  has  to  pass  into 
the  grooves  and  matrices;  A if.  a teceptaule  between  tho 
moulds  for  the  fluid  metal,  previous  to  its  being  forced  into 
the  moulds,  as  wc  shall  presently  discribe. 

In  preparing  the  moulds  for  casting,  the  several  bars  com- 
posing them  are  connected  together  as  before  mentioned,  and, 
laid  upon  a solid  mctullic  bed  upon  the  table  A A,  as  shewn  at 
fig.  4;  the  sides  of  the  iron  frame  / /,  which  turn  upon  joints, 
arc  then  brought  to  bear  sideways  against  the  moulds;  the  top 
piece  m.  which  also  turns  upon  a joint,  is  brought  down  over 
the  mould  bars,  which  it  firmly  secures,  by  bringing  the  looped 
part  of  the  swinging  lever  n shewn  at  fig.  I , over  the  end  nf  the 
top  piece  m ; which  is  effected  by  the  aid  of  the  hand  lever  p, 
forcing  the  tongue  o against  the  lower  end  of  ihc  swinging 
lever,  when  the  latch  x falls  and  makes  all  fast.  Thus  pre- 
pared, a sufficient  quantity  of  the  fluid  metal  is  poured  out  of 
a ladle  into  tho  receptacle  between  tlio  moulds  ; a trigger  at  r 
is  then  polled,  when  a string  connected  to  it  draws  back  a bolt 
or  catch,  s,  which  supports  trie  long  lever  t,  and  allows  it  to  fail 
with  the  rammer  q into  the  receptacle,  which  drives  with  con- 
siderable force  the  fluid  metal  from  thence  into  the  moulds  and 
matrices.  On  each  side  of  the  rammer  q arc  fixed  a guard 
or  housing,  to  prevent  the  liquid  metal  from  being  splashed 
over  the  operator.  In  order  to  withdraw  the  types  from  the 
moulds,  the  workman  places  his  foot  upon  the  step  w,  when  the 
compound  lever  v acts  upon  the  pin  w , under  the  leg  x,  and 
forces  oat  the  rammer  from  between  the  moulds,  which  is  then 
lifted  up  by  the  workman  until  it  has  passed  the  catch  s,  which 
supports  it  in  the  positions  shewn  in  the  figure.  The  mould  is 
then  opened,  by  throwing  up  the  hasp*;  the  swinging  lever 
» then  releases  the  end  of  the  top  piece,  and  allows  the  frame 
to  be  opened,  and  the  moulds  to  be  removed  to  a table,  where 
tbc  bars  which  compose  it  are  placed  onder  cramps,  and  sepa- 
rated by  means  of  wrenches:  the  types  are  then  removed,  and 
undergo  the  operations  of  dressing,  &c.  as  mentioned  in  the 
early  part  of  our  subject. — Register  of  the  Arts. 

Bell  Foundry.  The  metal  of  which  bells  are  made  is  com- 
posed of  three  parts  of  copper  and  one  of  tin.  The  modern 
proportions  for  bells  ore  to  make  the  diameter  fifteen  times  ibo 
thickness  of  tbc  brim,  and  the  height  twelve  time?.  The  parts 
of  a bell  are  : i.  The  sounding  bow,  terminated  by  an  inferior 
circle,  which  grows  thinner  and  thinner.  *2.  Tho  brim,  or  that 
part  of  a bell  whereon  the  clapper  strikes,  and  w hich  is  thicker 
than  the  rest  3.  The  outward  sinking  of  the  middle  of  the 
bell,  or  the  point  onder  which  it  grows  wider  to  the  brim.  4. 
the  waist,  or  furniture,  and  the  part  that  grows  wider  and 
thicker  quite  to  the  brim.  6.  The  opper  vase,  or  that  part 
which  is  above  the  waist.  0.  The  pallet,  which  supports  the 
stopper  of  the  clapper  within.  7.  The  bent  and  hollowed 
branches  of  metal  uniting  with  the  cannons,  to  receive  the  iron 
keys,  whereby  the  bell  is  bung  up  to  the  beam,  which  is  its 
support  and  counterpoise  when  rung  out  In  hell  casting  there 
arc  three  processes:  I.  Tbe  proportioning  of  the  bell.  3. 

Forming  tbe  mould.  3.  Melting  the  metal.  Tbe  proportions  of  a 
bell  are  either  simple  or  relative,  the  former  gives  It  sonoroaity, 
tbe  latter  establishes  a requisite  harmony  between  several  bells* 

The  method  of  forming  the  profile  of  a hell,  in  wbfeh  the  pro- 
portion of  the  several  parts  are  seen,  is  this  The  brim,  C I, 
in  tbe  following  figure,  is  the  foundation  of  all  tbe  other  mra- 
sores,  and  is  divided  into  three  equal  parts.  Draw  tbe  line 
H D,  which  represents  the  diameter  of  the  bell.  Bisect  it  in  F, 
and 'erect  the  perpendicular  F/.  Bisect  DF  and  II  F in  E 
and  0,  at  which  draw  perpendiculars  Er  and  Go.  G E will 
be  the  diameter  of  the  lop  or  upper  vase,  i.  r.  the  diameter  of 
the  top  will  be  half  that  of  the  bell ; and  it  will  therefore,  be 
the  diameter  of  a bell  that  will  sound  an  octave  to  the  other. 
Divide  the  diameter  of  the  bell,  or  the  line  H D,  into  15  equal 
parts,  and  one  of  them  will  give  C 1 the  thickness  of  the  brim. 
Divide  again  each  of  these  15  equal  parts  into  three  oilier 
equal  parts,  and  then  form  your  soalo.  From  this  scale  take 
4 q 
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12  of  Ibe  larger  divisions,  or  A of  the  whole  scale  in  yoor  com- 
passes, and  setting  one  leg  in  D,  describe  an  arc  to  cut  the 
Tine  Ee  in  N;  draw  N D,  and  divide  this  line  into  twelve 
equal  parts  ; at  the  point  \ erect  the  perpendicular  1C  - 
10,  and  C 1 will  be  the  thickness  of  the  brim  rr  ^ of  the  diame- 
ter. Draw  the  line  C D,  bisect  D N,  and  at  the  point  of 


bisection  erect  the  perpendicular  OK”  1.1  of  the  larger  divi- 
sions on  the  scale.  With  an  extent  of  compasses  ~ 30  brims, 
(or  twice  the  length  of  the  scale,)  setting  one  foot  in  N, 
describe  an  arc  of  a circle,  and  with  the  same  leg  in  K,  and 
the  same  opening,  describe  another  arc  to  intersect  the  former. 
On  this  point  of  intersection  as  a centre,  and  with  a radius  ” 
30  brims,  describe  the  arc  NK;  in  G K produced,  take  K B ~ 1 
of  tho  larger  measure  of  the  scale,  or  1 of  the  brim,  and  on  the 
same  centre  with  the  radius  of  301  brims,  describe  an  arc  A If 
parallel  to  N K.  For  the  arc  B C take  12  divisions  of  the  scale, 
or  12  brims  in  the  compass ; find  a centre,  and  from  that 
centre,  with  this  opening,  describe  the  arc  BC  in  the  same 
manner  as  you  did  A Bor  NK.  There  are  various  ways  of 
describing  the  are  K p;  some  bell  founders  describe  it  on  a 
centre  at  the  distance  of  9 brims  from  the  points  p and  K ; 
others,  as  we  have  done  in  the  figure,  on  a centre  at  the  distance  ! 
only  of  7 brims  from  those  points.  But  it  is  neoejsary  first  to 
find  the  point  p,  and  to  determine  the  rounding  of  the  bell  pi. 
For  this  purpose,  on  the  point  C as  a centre,  and  with  the 
radius  G 1,  describe  the  arc  1 p n.  Bisect  the  part  1,2  of  the 
line  Dn,  and  erectiug  the  perpendicular  pm,  this  perpendicu- 
lar will  cut  the  arc  Ip*  in  «,  which  terminates  tbe  rounding 
1 p.  Some  founders  make  the  bendings  K a third  of  a brim 
lower  than  the  middle  of  the  line  D N ; others  make  the  part 
C I D more  acute,  and  instead  of  making  C 1 perpendicular  to 
D N at  1,  draw  it  lib  of  a brim  higher,  making  It  still  zz  1 brim; 
so  that  the  line  1 D is  longer  than  tbe  brim  Cl.  In  order  to 
trace  out  tbe  top  part  N a,  take  in  tbe  compasses  eight  divisions 
of  the  scale,  or  8 brims,  and  on  the  points  N and  1>  as  centers, 
describe  arcs  to  intersect  each  other  in  8;  on  this  point  8,  with 
a radios  of  8 brims,  describe  the  arc  N b.  This  will  he  the  exte- 
rior curve  of  tbe  top  or  crown.  On  the  same  point  8 as  a centre, 
and  with  a radius  = 71  brims,  describe  the  arc  A e,  and  this 
will  be  tbe  interior  curve  of  the  crown,  and  its  whole  thickness 
will  be  1 of  the  brim.  As  the  point  8 docs  not  fall  in  the  axis 
of  the  bell,  a centre  M may  be  fonnd  in  the  axis,  by  describing 
with  the  interval  of  8 brims  on  the  centres  D and  H.arcs  which 
will  intersect  in  M ; and  this  point  may  be  made  the  ceotre  of 
tbe  inner  aud  outer  curves  of  tbe  crown,  as  before.  The  thick- 
ness of  the  cap  which  strengthens  the  crown  at  Q,i*  about  1 of 
the  thickness  of  the  brim,  and  the  hollow  branches  or  cars, 
abont  jth  tho  diameter  of  the  bell.  The  height  of  the  bell  in 
proportion  to  its  diameter,  is  as  12  to  15,  or  in  the  proportion 
of  the  fundamental  sound  to  its  third  major,  whence  it  follows, 
that  the  sound  of  a bell  is  principally  composed  of  the  round  of 
its  extremity,  or  brim,  as  a fundamental  of  the  sound  of  the 
crown,  which  is  an  octave  to  it,  and  of  that  of  tho  height,  which 
is  a third. 

Tbe  particulars  of  moulding  and  casting  arc  to  be  best 
learned  io  tbe  workshop;  as  the  former  is  either  simple  or 
complicated,  according  to  the  inscriptions,  coats  of  arms,  Ac. 
designed  to  be  pat  on  tbe  bell. 

FOUNT,  or  Font,  among  Printers,  Itc.  a set  of  types,  sorted 
for  nse,  that  includes  running  letters.  Urge  and  small  capitals, 
single  letters  doubte  letters,  points,  commas,  lines,  numerals, 
fee-  as  a fount  of  English,  of  Pica,  Bourgeois,  Ice.  A fount  of 
100,000  characters,  which  is  a common  fount,  would  consist  of 
6000  types  of  «,  3000  of  c,  11,000  ofc,  0000  of  i,  3000  of  m,  and 
about  30  or  40  of  A,  x,  y,  aud  x.  But  this  is  only  to  be  under- 


stood of  the  lower-case  types ; those  of  the  upper  case  having 
other  proportions,  which  we  need  not  here  enumerate.  Also 
a fount  of  10  sheets  would  print  80  pages  of  this  Dictionary 
without  distributing  a single  letter,  and  it  would  weigh  120 lbs. 
per  sheet,  or  1200 lbs.  in  all,  which  at  2t.  6d.  per  lb.  would 
amount  to  £150.  Or.  0 d.  Now,  if  there  were  two  dozen  founts 
in  an  office,  the  reader  may  form  some  idea  of  the  capital 
necessary  to  carry  on  a large  business  in  printing,  including 
presses,  and  all  the  numerous  expenses  contingent  on  this 
most  popular  and  most  useful  profession. 

FOUNTAIN,  or  Artificial  Fountain,  in  Hydraulics,  a 
machine  or  contrivance  by  which  water  is  violently  spouted  or 
flailed  tip  ; called  also  a Jet  (FEau.  There  arc  various  kinds  of 
aitifleial  fountains,  hut  all  formed  by  a pressure  of  one  sort  or 
another  upon  the  water;  fir.  either  the  pressure  or  weight  of 
a bead  of  water,  or  tbe  pressure  arising  from  the  spring  and 
elasticity  of  the  air.  See.  When  these  are  formed  by  the  pres- 
sure of  a head  of  water,  or  any  other  fluid  of  the  same  kind 
with  the  fountain,  or  jet,  then  w ill  this  spout  up  nearly  to  the 
same  height  as  that  head,  abating  only  a little  for  the  resist- 
ance of  the  air,  with  that  of  the  adjutage,  & c.  in  the  fluid  rush- 
ing through;  but,  when  the  fountnin  is  produced  by  any  other 
force  than  tbe  pressure  of  a column  of  the  same  fluid  with 
itself,  it  will  rise  to  such  a height  as  is  nearly  equal  to  the  alti- 
tude of  a column  of  tbe  same  fluid,  whose  pressure  is  equal  to 
the  giten  force  that  produces  the  fountain. 

Circulating  Fountain,  or  Fountain  of  Hero  of  Alexandria,  SO 
called  because  it  was  contrived  by  him,  is  represented  thus  : — 
The  air  being  only  compressed  by  the  concealed  fall  of  water, 
makes  a jet,  which,  after  some  continuance,  is  considered,  by 
those  who  are  unacquainted  with  tbe  principle,  as  a perpetual 
motion,  because  they  imagine  that  the  same  water  which  fell 
from  tho  jet  rises  again.  The  boxes  C R and 

JDYX,  being  close,  we  see  only  the  bason 
A B W,  with  a hole  at  W,  into  which  tbe 
water  spouting  at  B falls;  but  that  water 
does  not  come  up  again  j for  it  runs  down 
throngb  the  pipe  W X into  the  box  D Y X, 
from  which  it  drives  out  the  air,  through  the 
asceuding  pipe  Y Z,  into  the  cavity  of  the  box 
C E,  where,  pressing  upon  the  water  that  is  in 
it,  it  forces  it  out  through  tbe  spouting  pipe 
O B,  as  long  as  there  is  any  water  in  CK;  so 
i that  this  will  play  no  longer  than  whilst  the 
water  contained  m C E,  having  spouted  out, 
falls  down  through  the  pipe  W X into  tbe 
cavity  D Y X.  The  force  of  the  jet  is  propor- 
tional to  the  height  of  the  pipe  WX,  or  or  tbe 
boxes  CE  and  DY  above  one  another:  tbe 
height  of  the  water,  measured  from  the  bason 
A B W lo  the  surface  of  the  water  in  tbe  lower 
box  DYX,  is  always  eqoal  to  the  height 
meusured  from  tbe  top  of  the  jet  to  the  surface 
of  tbe  water  in  the  middle  cavity  at  C E.  See 
the  article  Jf.t  d'Eau,  in  which  this  subject  is 
fully  handled. 

FOURTEENTH,  in  Music,  tbe  octave,  or  replicate,  of  the 
seventh.  A distance  comprehending  thirteen  diatonic  intervals. 

FOURTH,  in  Music,  a distance  comprising  three  diatonio 
intervals,  or  two  tones  and  a half. 

FOWLING,  Ibe  art  of  taking  or  killing  birds.  It  is  either 
practised  as  an  amusement  by  persons  of  rank  and  property, 
and  then  principally  consists  in  killing  them  with  a fowling 
piece,  and  the  diversion  is  secured  to  them  by  the  game  laws  ; 
or  it  is  practised  for  a livelihood,  by  persons  who  use  nets  and 
other  apparatus.  Fowling  was  formerly  used  for  the  pursuing 
and  taking  birds  with  hawks,  more  properly  called  Falconry. 

Fowlino  Piece,  a light  gtin  for  shooting  birds.  That  piece 
is  always  reckoned  best  which  has  the  longest  barrel,  from  3J 
to  6 feet,  with  a moderate  bore ; though  every  fowler  should 
have  them  of  different  sixes,  suitable  to  the  game  lie  designs  to 
kill.  The  barrel  should  be  well  polished  and  smooth  within, 
and  the  bore  of  an  equal  bigness  from  one  end  to  the  other, 
which  may  be  proved  by  patting  in  a piece  of  pasteboard,  cut 
of  the  exact  round  ness  of  the  top  ; for  if  this  goes  down  w ith- 
out stops  or  slipping,  you  may  conclude  the  bore  good. 
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FRACTION  is  a part  or  parts  of  the  unit,  and  written  with 
two  figures,  with  a line  between  them,  as  {,  |,  #,  &.c.  The 
figure  above  the  line  is  called  the  numerator,  and  the  under  one 
the  denominator ; which  shews  bow  many  parts  the  unit  is 
divided  into ; and  the  numerator  shews  how  many  of  those 
parts  are  meant  by  the  fraction.  There  are  four  sorts  of 
Vulgar  Fractions;  proper,  improper,  simple,  compound  and 
mixed,  vie. 

A Proper  Fraction,  is  when  the  numerator  is  less  than  the 
denominator,  as  |.  {,  I,  ft.  4ft,  Ac. 

An  Improper  Fraction,  is  when  the  numerator  is  eqnal  to, 
or  greater  than  the  denominator,  as  ),  J,  ft  &Ca 

A Simple  Fraction,  is  that  which  consists  of  a single  nume- 
rator, and  single  denominator;  and  is  either  proper,  or  impro- 
per, as  f.  y.  M.  Ac. 

A Compound  Fraction,  is  a fraction  consisting  of  two  or 
more  other  fractions  connected  by  the  word  of;  Urns  J of  |,  or 
| of  ft  of  |,  8cc.  are  compound  fractions. 

A Complex  Fraction,  is  that  whose  numerator  and  denomi- 
nator arc  both  fractions ; 

thus  ^ is  a complex  fraction.  These  two  distinctions,  though 

frequently  made  by  authors  on  arithmetic,  are  certainly  im- 
proper, the  former  indicating  an  operation  in  multiplication, 
und  the  latter  an  operation  in  division ; it  is,  therefore,  im- 
proper to  apply  to  them  the  denomination  of  fractions.  An 
integer  and  fraction  together  is  called  a mixed  number,  that  is, 
7},  tty,  See.  are  mixed  numbers. 

Reduction  of  Fractions. — I.  To  reduce  fractions  to  a com- 
mon denominator.— Ru/r  1.  Multiply  each  numerator  into  all 
the  denominators,  except  its  own,  for  a new  numerator ; and 
all  the  denominators,  for  a common  denominator.  Or,  2.  Mul- 
tiply the  common  denominator  by  the  several  given  numera- 
tors separately,  and  divide  the  product  by  tbeir  several  deno- 
minators ; the  quotients  will  be  the  new  numerators. 

Example.  Reduce  ] and  4 to  a common  denominator. 

A ns.  4|,  and  (|. 

lit.  num.  td  nan. 

2 X 7 = 14,  4 x 4 = 16,  then  4 x 7 = 20  den.  = y.  and  ft. 

3.  To  reduce  a vulgar  fraction  to  its  lowest  terms. — Rult. 
Find  a common  measure  by  dividing  the  lower  term  by  the 
upper,  and  that  divisor  by  the  remainder  following,  till  nothing 
remains;  the  last  divisor  is  the  common  measure;  then  divide 
both  parts  of  the  fraction  by  the  common  measure,  and  the 
quotient  will  give  the  fraction  required.  If  the  common  mea- 
sure happens  to  be  1,  tbe  fraction  is  already  in  its  lowest  term ; 
and  when  a fraction  hath  ciphers  at  the  right-hand,  it  may  be 
abbreviated  by  catting  them  ofT;  as, 

Example.  Reduce  |J  to  its  lowest  terms. 

24)32(1 

24 

com,  measure  3)24(3  then  8)R(  = | Ans. 

24 

3.  To  reduce  a mixed  number  to  an  improper  fraction. — Rule. 
Multiply  the  whole  number  by  the  denominator  of  the  fraction, 
and  to  the  product  add  the  numerator  for  a new  numerator, 
which  place  over  the  denominator.  To  express  a whole  num- 
ber fraction-ways,  set  one  for  the  denominator  given. 

Example.  Reduce  18$  to  an  improper  fraction.  Ant.  Vf. 

18  X 7 + 3=  129,  new  numerator. 

4.  To  redace  an  improper  fraction  to  its  proper  terms. — 
Rule.  Divide  the  upper  term  by  the  lower. 

Example.  Reduce  to  its  proper  terms.  Ans.  18*. 

129 -s-  7 = 18+ 

6.  To  reduce  a compound  fraction  to  a single  one. — Rule. 
Multiply  all  the  numerators  for  a new  numerator,  and  all  the 
denominators  for  a new  denominator.  Reduce  the  new  frac- 
tion to  its  lowest  terms  by  Rule  2. 

Example.  Reduce  f of  | of  | to  a single  fraction. 

3X6X8=  120  redaccd  10  lhe  term  r=  f:  Ans. 

0,  To  reduce  fractions  of  one  denomination  to  the  fraction  of 
another,  but  greater,  retaining  the  same  value.—  Rule.  Reduce 
the  given  fraction  to  a compound  one,  by  comparing  it  with  all 


the  denominations  between  it  and  that  denomination  which  you 
would  redoce  it  to ; then  reduce  that  compound  fraction  to  a 
single  one. 

Example.  Reduce  ] of  a penny  to  the  fraction  of  a pound. 

Ans.  * of  ft  or  ft  = ig’g). 

7.  To  reduce  fractions  of  one  denomination  to  the  fraction  of 
another,  but  less,  retaining  the  same  value.—  R ule.  Multiply  the 
numerator  by  the  parts  contained  in  tbe  several  denominations 
between  it  and  that  you  would  reduce  it  to,  for  a new  numera- 
tor, and  place  it  over  the  given  denominator.  Reduce  the  new 
fraction  to  its  lowest  terms. 

Example.  Reduce  ^ of  a pound  to  the  fraction  of  a penny. 

7 x 20  x 12  = 16N0,  44%  reduced  to  its  lowest  term  = f . Ans. 

8.  To  reduce  fractions  of  one  denomination  to  another  of  the 
same  value,  having  the  numerator  given  of  the  required  frac- 
tion.— Rule.  As  the  numerator  of  the  given  fraction  is  to  its 
denominator,  so  is  the  numerator  of  the  intended  fraction  to  its 
denominator. 

Example.  Reduce  I to  a fraction  of  tbe  same  value,  whose 
numerator  shall  be  12.  As  2 : 3 : : 12  : 18.  Ans.  4}. 

9.  To  reduce  fractions  of  one  denomination  to  another  of  the 
same  value,  having  the  denominator  given  of  tbe  fraction  re- 
quired.— Rule.  As  the  denominator  of  tbe  given  fraction  is  to 
its  numerator,  so  is  the  denominator  of  the  intended  fraction  to 
its  numerator. 

Example.  Reduce  | to  a fraction  of  the  same  value,  whose 
denominator  shall  be  18.  As  3 : 2 ; : 18  : 12.  Ans. 

10.  To  reduce  a mixed  fraction  to  a single  one. — Rule.  When 
the  numerator  is  the  integral  part,  multiply  it  by  the  denomi- 
nator of  tbe  fractional  part,  adding  in  the  numerator  of  tho 
fractional  part  for  a new  numerator ; then  multiply  the  deno- 
minator of  the  fraction  by  the  denominator  of  the  fractional 
part  for  a new  denominator. 

36ff 

Example.  Reduce  ---  to  a simple  fraction.  Ans.  {!(  = ft. 

36  x 3 ■+  2 = 110  numerator. 

48  x 3 = 144  denominator. 

When  the  denominator  is  the  integral  part,  multiply  it  by 
the  denominator  of  the  fractional  part,  adding  in  the  numerator 
of  the  fractional  part  for  a new  denominator ; then  multiply  the 
numerator  of  the  fraction  by  the  denominator  of  the  fractional 
part  for  a new  numerator. 

Example.  Redace  to  a simple  fraction.  Ans.  W = f. 


11.  To  find  tbe  proper  quantity  of  a fraction  in  the  known 
parts  of  an  integer. — Rule.  Multiply  the  numerator  by  the 
common  parts  of  the  integer,  and  divide  by  the  denominator. 

Example.  Reduce  J of  a pound  sterling  to  its  proper  quan- 
tity. Here  3 x 20  = GO,  and  -f-  4 = 15*.  Ans. 


12.  To  reduce  any  given  quantity  to  tbe  fraction  of  any 
greater  denomination,  retaining  tbe  same  value.— Rule.  Re- 
duce tbe  given  quantity  to  the  lowest  term  mentioned  for  a 
numerator,  under  which  set  the  integral  part  (reduced  to  the 
same  term)  for  a denominator,  and  it  will  give  tbe  fraction 
required. 

Example.  Reduce  15*.  to  the  fraction  of  a pound  sterling. — 
Here  15*.  are  15  parts  of  20*.  or  y which  reduced  to  the  lowest, 
gives  $£.  Ans. 

Addition  of  Fractions. — Rule.  Reduce  the  given  fractions  to 
a common  denominator,  then  add  all  the  numerators  together, 
under  which  place  the  common  denominator. 

Example.  Add  } and  4 together.  ft  +■  R = ft  = 1ft.  Ans. 

When  the  fractions  are  of  several  denominations,  redace 
them  to  their  proper  quantities,  and  add  as  before. 

Example.  Add  | of  a pound  to  | of  a shilling. 

Here  |£.  = J of f = 7=  15*.  Orf.  ) . 1Jt  ... 

Subtraction  of  Fractions. — Rule  1.  Reduce  the  given  frac- 
tions to  a common  denominator,  then  subtract  the  less  nume- 
rator from  the  greater,  and  place  the  remainder  over  the  com- 
mon denominator.  2,  When  the  lower  fraction  is  greater  than 
the  upper,  subtract  the  numerator  of  the  lower  fraction  from 
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the  denominator,  and  to  that  difference  add  the  upper  nume- 
rator, carrying  one  to  the  unit-#  place  of  the  lower  whole 
number. 

Example  1.  From  J take  f. 

3 x 7 = 21,5  X 4 = 20,  21  — 20  = 1 numerator. 

4 x 7 — 28  denominator  = fa  An t. 

2.  From  5|  take  -ft.  Ant.  4||. 

3.  From  ||  take  |.  Ant.  pfa.  1 

4.  From  ft  take  j of  |.  Ant.  |ft. 

When  the  fractions  are  of  several  denominations,  reduce 

them  to  their  proper  quantities,  and  subtract  as  before. 

Ex.  From  J of  a pound  take  J of  a shilling.  Ant.  14r.  3d. 

„ „ ,20 1.  3 X 20  00  „ . *x 

Here  |£.  of  -* — = — j — — — 16 1.  0 d.  ) 

144  f Answer. 

,12  3 X 12  .10  / £0.  14s.  3d. 

And  § of  — = ■ — — = —=09  \ 


Multiplication  of  Fractions. — K«/r.  Prepare  the  given 
numbers,  (if  they  require  it,)  by  the  rules  of  Reduction  ; then 
multiply  the  numerators  together  for  a new  numerator,  and  the 
denominators  for  a new  denominator.  When  any  number, 
either  whole  or  mixed,  is  multiplied  by  a fraction,  the  product 
will  be  always  less  than  the  multiplicand,  in  the  same  propor- 
tion as  the  multiplying  fraction  is  less  than  the  unit 

Example.  Multiply  | by 

Ant.  3x3  = 9 num.  4 x 6 = 20  den.  = ft. 

Division  (^Fractions. '-Rule.  Prepare  the  given  numbers, 
(if  they  require  it,)  by  the  rules  of  Reduction  ; then  multiply 
the  denominator  of  the  divisor  into  the  numerator  of  the  divi- 
dend for  a new  numerator,  and  the  numerator  of  the  divisor 
into  the  denominator  of  the  dividend  for  a new  denominator. 
When  any  whole  number  is  divided  by  a fraction  less  than 
unity,  the  quotient  will  be  greater  than  the  dividend:  but  if 
any  fraction  be  divided  by  a whole  number  greater  than  unity, 
the  quotient  will  be  less  than  the  dividend. 

Ex.  Divide  ft  by  J.  6 X 9 = 46  num.  3 X 20  = 00  den.  ft  = |. 

The  Rule  of  Three  in  Fractions. — Rule.  When  the  three 
terms  are  properly  reduced,  proceed  as  in  tbe  Rule  of  Three 
in  whole  numbers. 

Example  1 . If  J of  a yard  cost  | of  a £. — wbat  will  ft  of  a yard 
eorne  to  at  that  rate!  Ant.  ft  = 16#. 

|yd.:|£.::ftyd.::  ft  £. 
for  4 X 6 X 9=  190  num  _ - .,«/» 

and  3 X 8 X 10  = 240  den.  or  • x **  " 

Example.  2.  If  48  men  can  build  a wall  in  241  day* — how 
many  men  can  do  tbe  same  in  192  days?  Thus 
192  97  48  1 x 97  x 48  _ 97_  __  97  _ 

| : 4 : 1 ! 192  X 4 x 1 4 x 4 “ 16  “ mcn* 

The  Double  Rule  of  Three  infractions. — This  is  stated  in 
the  same  manner  as  in  common  arithmetic. 

Example.  If  a carrier  receive  2ft£.  for  the  carriage  of  3 ewt. 
160  miles— how  much  ought  he  to  receive  for  tbe  carriage  of  7 
ewt  3}  qrs.  for  a journey  of  60  miles  f 
qrt.  milts.  £. 

_ 160  21  60  1 X 21  x 60 

Th“‘  T '•  10  ::  1 1 160  x to  X 1 

, 12  1050  03  lx  1060  X 62  _ 441  _ £ a.  d. 

,ttd  1 : 1600  ! 1 2 : 12  X 1600  X 2 — 240 — • '«  # 

FRACTURE,  in  Surgery,  the  rupture  of  a hone,  or  a solu- 
tion of  continuity  in  a bone,  when  it  is  crushed  or  broken  by 
some  external  cause. 

FR.fiNUM,  in  Anatomy,  a term  applied  to  some  membra- 
nous ligaments  of  the  body. 

Fr«num  Lingutr , the  ligament  under  the  tongue,  which  some- 
times ties  it  down  too  close  to  the  bottom  of  the  mouth,  and 
then  requires  to  he  divided,  to  give  this  organ  its  proper  motion. 

FRAGARIA,  the  Strawberry,  a genus  of  the  polygynia 
order,  in  the  icotandria  class  of  plants,  and  in  the  natural 
method  ranking  under  tbe  36th  order,  senlico&se,  which  all 


thrive  In  any  common  garden  soil,  producing  abundant  crops 
annually  without  much  trouble. 

FRAME.  See  Smnning. 

FRANCHISE,  in  Law,  synonymous  to  liberty— “ a royal 
privilege,  or  branch  of  the  king's  prerogative,  subsisting  in  tbe 
hands  of  a subject,"  say  the  expounders  of  the  law.  Fran- 
chises may  be  vested  in  either  natural  persons  or  bodies  politic ; 
in  one  man,  or  in  many ; as  of  a county  palatinate,  a corpora- 
tion, Ac.,  of  which  each  individual  has  by  right  or  prescription 
the  freedom.  Other  franchises  are  to  bold  a court  feet,  to  have 
a manor  or  lordship,  a bailiwick,  fair,  market,  toll,  Ac. 

FRANK  Fee,  in  Law,  signifies  the  same  thing  as  holding 
lands  and  tenements  in  fee-simple. 

Frank  Pledge,  in  our  Law,  signifies  a pledge  or  surety  for 
the  behaviour  of  freemen. 

Frank,  or  Frane,  an  ancient  coin  of  gold  or  silver,  current  in 
France.  The  value  of  the  gold  frank  was  somewhat  more  than 
that  of  the  gold  crown;  tbe  silver  frank  was  a third  of  tbe 
gold  one.  Silver  franks  are  now  the  current  coin  in  Franee, 
and  all  accounts  are  kept  in  francs  and  centimes,  according  to 
the  decimal  system.  There  are  20  sols  to  a franc,  and  some- 
times sols  still  appear  in  small  accounts.  It  is  usually  said 
that  24  franks,  or  480  sols,  arc  equivalent  to  a pound  sterling, 
but  the  real  par  is  about  25  francs  to  a pound  sterliug. 

Franks,  or  Franking  Letters , by  which  they  are  forwarded 
free  of  postage,  is  a privilege  that  has  been  enjoyed  by  mem- 
bers of  parliament  from  the  first  institution  of  the  post-office. 
A member  of  parliament  can  frank  only  ten  letters  a day, 
and  receive  fifteen,  free  of  postage;  each  of  which  must  weigh 
less  than  one  ounce.  It  is  felony  to  forge  a frank. 

FRANKINCENSE,  is  the  product  of  tbe  juniperus  lycia. 

FRANKLIN,  Beniamin,  a celebrated  American  philosopher 
and  politician,  was  born  at  Boston,  in  New  England,  in  tbe 
year  1796.  He  was  author  of  several  tracts  on  electricity  and 
other  branches  of  natural  philosophy,  and  was  the  first  who 
drew  electricity  from  a thunder  ctoud.  Bat  his  knowledge, 
however  eminent  as  a philosopher,  is  eclipsed  by  bis  fame  as  a 
politician,  in  which  latter  character  he  forms  an  excellent  sub- 
ject for  tbe  general  biographer  and  historiau.  Dr.  Franklin 
died  April  17,  1790,  being  then  in  tbe  84th  year  of  his  age. 

FRAPPING,  the  act  of  crossing  and  drawing  together  the 
several  parts  of  a tackle,  or  other  complication  of  ropes,  which 
had  already  been  strained  to  their  utmost  extent;  in  this 


sense,  it  exactly  resembles  the  operation  of  bracing  up  a drum. 
The  Trapping  increases  tension,  and  consequently  adds  to  tbe 
security  acquired  by  the  purchase ; hence  the  catharpings  are 


no  other  than  the  frappings  to  the  shrouds. 

Fratping  of  a Ship,  tbe  act  of  passing  four  or  five  (urns  of  a 
cable-laid  rope,  round  the  bull  or  frame  of  a ship  in  the  mid- 
dle, when  it  is  apprehended  that  she  is  not  strong  enough  to 
resist  the  violent  efforts  of  the  sea.  This  expedient  is  only 
made  use  of  for  very  old  ships,  which  (heir  owners  are  willing 
to  venture  to  sea  as  long  as  possible  by  insuring  them  deeply. 

FRAUD.  All  deceitful  practices  in  defrauding,  or  endea- 
vouring to  defraud,  another  of  his  own  right,  by  means  of  some 
artful  device,  contrary  to  the  plain  rules  of  common  honesty, 
are  condemned  by  the  common  law.  and  punishable  according 
to  (he  heinoosness  of  the  offence.  The  distinction  laid  down, 
as  proper  to  he  attended  to  in  all  cases  of  Ibis  kind  is  this,  that 
in  such  impositions  or  deceits,  where  common  prudence  might 
guard  persons  from  the  offence,  it  is  not  indictable,  but  tbe 
party  is  left  to  his  civil  remedy;  but  where  false  weights  or 
measures  are  used,  or  false  tokens  produced,  or  such  measures 
taken  to  defraud  or  deceive,  as  people  cannot  by  any  ordinary 
care  or  prudence  be  guarded  against,  there  it  is  an  offence 
indictable.  Persons  convicted  of  obtaining  money  or  goods 
by  false  pretences,  or  sending  threatening  letters  to  extort 
money  or  goods,  may  be  punished  by  fine  and  imprisonment,  or 
by  pillory,  whipping,  or  transportation,  30  G.  IT.  c.  24. 

FRAXINUS,  the  Ash,  a genus  of  the  dineeia  order,  in  the 
pohgamia  class  of  plants,  and  in  the  natural  method  ranking 
under  the  44th  order  sepiariae.  There  arc  four  species,  of 
which  the  most  useful  is  the  common  ash.  This  tree  flourishes 
best  in  groves,  but  grows  very  well  in  rich  soil,  in  open  fields. 
It  bears  transplanting  and  hopping.  In  Lancashire,  then  lop 
tbe  tops  of  these  trees  to  feed  the  cattle  in  autumn.  Tbe  wood 
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^ hard  ami  lough,  and  is  much  used  to  make  the  tools  em- 
ployed in  husbandry.  The  ashes  of  the  wood  afford  good 
potash.  The  hark  is  used  in  tanuing  oalf  skin. 

FREE  Bench,  signifies  that  estate  in  copyhold  which  the 
wife,  being  espoused  a virgin,  has  after  the  decease  of  her  bus* 
band  for  her  dower,  according  to  the  custom  of  the  manor. 

FREEDOM  or  Corporation,  the  right  of  enjoying  all  the 
privileges  and  immunities  that  belong  to  it.  Tbo  freedom  of 
cities  and  corporations  is  regularly  obtained  by  sorting  ao 
apprenticeship;  but  it  is  also  purchased  with  money,  and 
sometimes  conferred  by  way  of  compliment. 

FREEHOLD,  Frank  Tenement,  is  land  or  tenement  which  a 
man  holds  in  fee-simple,  fee-tail,  or  for  term  or  life  ; and  is  of 
two  kinds,  in  tUed  and  in  law,  the  first  being  real  possession  of 
land  or  tenement,  in  fee,  fee-tail,  or  for  life  ; the  other,  is  the 
right  a roan  baa  to  such  land  or  tenement  before  his  entry  or 
seizure. 

FREEING,  the  act  of  pumping,  or  otherwise  throwing  out 
the  water  which  has  leaked  into  a ship’s  bottom  at  sea,  fee. 

FREESTONE,  a whitish  stone  dug  up  in  many  parts  of 
England,  that  works  like  alabaster,  but  is  more  hard  and 
durable,  being  of  excellent  use  iu  building,  Lc. 

FREEZE,  or  Frieze,  in  Commerce,  a coarse  kind  of  woollen 
stuff  or  cloth,  so  called,  as  being  freesrd  or  naped  on  one  side. 

FREEZING,  Co  no  elation,  in  Philosophy,  the  transforma- 
tion of  a fluid  body  into  a firm  or  solid  mass,  by  the  action  of 
cold ; in  which  latter  sense  the  term  is  applied  to  water  when 
it  freezes  into  ico  ; to  metals  w hen  they  resume  their  solid  form 
after  being  melted  by  heat ; or  to  alas*,  wax,  pitch,  tallow,  &c. 
when  they  harden  again  after  having  been  rendered  fluid  by 
heal.  See  Congelation  and  Evaporation 

The  process  of  congelation  is  always  attended  with  the 
emission  of  heat,  as  i«  found  by  experiments  on  the  freezing  of 
water,  wax,  spermaceti,  kc. ; for  in  such  cases  it  is  always 
found  that  a thermometer  dipped  into  the  fluid  keeps  con- 
tinually descending  as  this  cools,  till  it  arrives  at  a certain  point, 
being  the  point  of  freezing,  which  is  peeuliar  to  each  fluid, 
where  it  is  rather  stationary,  and  then  rises  for  a little,  while 
the  congelation  goes  on,  at  the  same  time  the  bulk  of  the  body 
is  expanded. 

The  prodigious  power  of  expansion  evinced  by  water  in  the 
act  of  freezing  is  nearly  double  that  of  the  most  powerful 
steam-engines,  and  exerted  in  so  small  a mass,  seemingly  by 
the  force  of  cold,  was  thought  a very  material  argument  in 
favour  of  those  w ho  supposed  ihut  cold,  like  heat,  is  a positive 
substance.  Dr.  Black’s  discovery  of  latent  heat,  however,  has 
afforded  an  easy  and  natural  explication  of  this  phenomenon. 
He  has  shewn  that,  in  the  act  of  congelation,  water  is  not  cooled 
more  than  it  was  before,  but  rather  grows  warmer:  that  as 
much  heat  is  discharged,  and  passes  from  a latent  to  n sensible 
state,  as,  had  it  been  applied  to  water  in  a fluid  state,  would 
have  heated  it  to  136°.  In  this  process  the  expansion  is  occa- 
sioned by  a great  number  of  minute  bubbles  suddenly  produced. 
Formerly  these  were  supposed  to  be  cold  in  the  abstract ; and 
to  be  so  subtile,  that  insinuating  themselves  into  the  substance 
of  ibe  fluid,  they  augmented  its  bulk,  at  the  same  time  that  by 
impeding  the  motion  of  its  particles  upon  each  other,  they 
changed  it  from  a fluid  to  a solid.  But  these  are  only  air 
extricated  during  the  congelation ; and  to  the  extrication  of 
this  air  we  ascribe  the  prodigious  expansive  force  exerted  by 
freezing  water.  By  what  means  docs  this  air  como  to  be 
extricated,  and  to  take  up  more  room  than  it  naturally  does  in 
the  fluid?  Perhaps  part  of  the  heat,  which  is  discharged  from 
the  freezing  water,  combines  with  the  nir  in  it*  unelasiic  state, 
and,  by  restoring  its  elasticity,  give*  it  that  extraordinary  force, 
os  is  seen  also  in  the  case  of  air  suddenly  extricated  in  the 
explosion  of  gunpowder. 

The  greatest  degrees  of  beat  which  are  known,  have  been 
produced  by  concentrating  the  solar  rays  with  a mirror,  or  lens, 
or  by  supplying  a blow -pipe  with  oxygen  gas.  A very  great 
degree  of  cold  is  produced  by  mixing  snow  with  certain  salts. 
The  best  salt  for  this  purpose  is  muriate  of  lime.  If  this  be 
mixed  with  dry,  light  snow,  and  stirred  well  together,  the  cold 
produced  will  be  so  intense,  as  to  freeze  mercury  in  a few 
minutes.  Salt  and  snow  also  produce  a great  degree  of  cold. 
Evaporation  likewise  produces  cold.  The  method  of  making 
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iee  artificially  in  the  East  Indies,  depends  upon  this  principle. 
The  manuf.icturers  at  Benares  dig  pits  in  large  open  plains,  the 
bottom  of  which  they  strew  with  sugar-canes,  or  dried  stem*  ot 
maize,  or  Indian  corn.  Upon  this  bed  they  place  a number  of 
unglated  pans,  nmde  of  so  porous  in  earth,  that  the  water 
oozes  through  their  substance.  These  pans  arc  filled  towards 
evening. in  the  winter  season,  with  water  which  has  been  boiled, 
and  arc  left  In  that  situation  till  morning,  when  more  or  less 
ice  is  found  in  tlicm,  according  to  the  temperature  of  the  air; 
there  being  more  formed  in  dry  and  warm  weather,  than  in 
cloudy  weather,  though  it  mav  be  colder  to  the  human  body. 

Every  thing  in  this  operation  is  calculated  to  produce  cold 
by  evaporation;  the  beds  on  which  the  pans  are  placed,  suffer 
the  air  to  have  a free  passage  to  thrir  bottoms,  and  the  pans 
constantly  oozing  out  water  to  their  external  snrface,  are 
cooled  by  the  evaporation  of  it.  In  Spain,  they  use  a kind  of 
earthen  jars,  called  huxaros,  the  earth  of  which  is  so  porous, 
being  only  half-baked,  that  the  outside  is  kept  moist  by  the 
water  which  filters  through  it;  and,  though  placed  in  the  sun, 
the  water  in  the  jar  becomes  as  cold  as  icc.  It  is  a common 
practice  in  China,  to  cool  wine  or  other  liquor*  by  wrapping  a 
wet  cloth  round  the  bottle,  and  banging  it  up  in  the  sun.  The 
wafer  in  the  cloth  evaporates,  and  thus  cold  is  produced.  Ice 
may  bo  produced  at  any  time  by  the  evaporation  of  ether. 

Freezing  Mixture,  a preparation  for  the  artificial  congela- 
tion of  water  and  other  fluids.  The  first  person  who  made 
experiments  on  freezing  mixtures  was  Fahrenheit.  But  the 
subject  was  much  more  completely  investigated  by  Mr.  Walker, 
in  a paper  published  in  the  Philosophical  Transactions  for  1796. 
Since  that  lime  several  curious  additions  have  been  made  by 
professor  Lowi  tz,  particularly  the  introduction  of  muriate  of  lime, 
which  produces  a very  great  degree  of  cold  when  mixed  with 
snow ; and  the  experiments  of  Lowitz  have  been  lately  repeated 
and  extended  by  Mr.  Walker.  In  the  Philosophical  Transac- 
tions for  1901,  p.  135,  is  given  a tabic,  divided  into  classes ; 
in  the  first  rank  of  these  classes  of  mixtures,  Mr.  Walker  lias 
not  specified  the  temperature  at  which  the  materials  were, 
previous  to  mixing ; the  reader  being  informed,  in  a paragraph 
w hich  immediately  follows  the  table,  that  it  is  immaterial,  the 
result  being  the  same  as  stated  in  the  table,  whatever  may  be 
the  temperature  of  the  materials  at  mixing.  So  that  it  is  not 
requisite  to  specify  the  temperatures  at  which  it  was  supposed 
to  be  necessary  the  materials  should  be,  previous  to  mixing,  in 
order  to  produce  the  effects  stated. 

Professor  Leslie  has  lately  discovered  that  porphjrilic  trap, 
pounded  and  dried,  will  absorb  onc-tenth  part  of  its  weight  of 
moisture,  and  can  hence  be  easily  made  to  freeze  the  eighth 
part  of  its  weight  of  water.  In  hot  countries  the  powder  will 
after  each  process  recover  its  power  by  drying  in  the  sun. 
This  curious  and  beautiful  discovery  of  artificial  congelation, 
will  therefore  produce  ice  in  the  tropical  climes,  or  even  at 
sea,  with  very  Utile  trouble,  and  no  sort  of  risk  or  inconvenience. 
Thus  we  arc  convinced  of  the  wonderful  power  of  ohemistry. 
This  one  discovery,  which  enables  man  in  the  hottest  climate, 
even  in  the  torrid  zone,  to  compose  artificially,  and  by  such  a 
simple  process,  the  product  of  the  frigid  zones,  is  but  u single 
instance,  but  it  is  sufficient  to  rank  that  noble  science  among 
ono  of  the  most  important  to  man.  Even  in  our  every-day 
meals,  our  tea,  our  coffee,  every  process  of  cookery,  of  medi- 
cine, in  short,  almost  all  the  operations  of  nature  and  art,  are 
carried  on  by  the  means  either  of  chemical,  electric,  or 
magnetic  processes,  with  all  of  which  we  may  become  ac- 
quainted in  some  degree. 

The  annexed  figure  repre- 
sents a large  air  pump,  for 
the  purpose  of  freezing,  on 
Leslie's  principle.  It  con- 
sists of  a stout  low  frame,  in 
which  a good  air  pump  is 
fixed,  and  on  the  plate  are 
six  receivers,  each  furnished 
with  a broad  glass  saucer  for 
bolding  sulphuric  acid,  or 
poonded  whinstone,  and  a small  porous  earthen  cup  for 
holding  the  water.  The  machine  may  be  seen  at  Messrs. 
Harris's,  the  opticians.  No.  60,  High  Holborn. 
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Leslie  has  latr-ly  discovered  that  parched  oatmeal  is  even  a 
more  powerful  absorbent  than  the  whinstone;  and  with  a 
stratum  of  oatmeal,  about  a foot  diameter,  and  one  inch  deep, 
lie  froze  a pound  and  a quarter  of  water,  contained  in  a hemi- 
spherical porous  cup.  The  meal  is  easily  dried,  and  restored  to 
its  former  use. 

Freezing  Point,  denotes  the  point  or  decree  of  cold,  shewn 
by  a mercurial  thermometer,  at  which  ret  tain  fluids  begin  to 
freeze,  or,  w hen  frozen,  at  which  they  begin  to  thaw  again. 
Un  Fahrenheit's  thermometer  this  point  is  at  *f  33  for  water, 
and  at  — 40  for  quicksilver,  these  fluid*  freezing  at  those  two 
points  respectively.  See  Thermometer. 

Freezing  Rain,  or  Raining  lee,  a very  uncommon  kind  of 
shower,  which  fell  in  the  west  of  Englnml,  in  December,  1672, 
of  which  we  have  various  accounts  in  the  Philosophical  Trans- 
actions. This  rain,  as  soon  as  it  touched  any  thing  above 
grouud,  as  a bough,  Ac.  immediately  settled  into  ice;  and,  by 
multiplying  and  enlarging  of  the  icicles,  broke  all  down  w ith  its 
weight.  The  rain  that  fell  on  the  snow  immediately  froze  into 
ice,  without  sinking  in  the  snow  at  ail.  It  made  an  incredible 
destruction  of  trees,  beyond  any  thing  recorded  in  history. 
“ Had  it  concluded  with  some  gust  of  wind,  (says  a gentleman 
on  the  spot,)  it  might  have  been  of  terrible  consequence.  I 
weighed  the  sprig  of  an  ash  tree,  of  three-quarters  of  a pound, 
the  ice  on  which  weighed  1C  pounds.  Some  were  frightened 
with  the  noise  in  the  air,  till  they  discerned  it  was  the  clatter 
of  icy  boughs,  dashed  against  each  other.”  This  phenomenon, 
however,  is  not  uncommon  in  a less  degree,  and  depeuds 
wholly  on  the  nice  balance  of  temperatures  in  the  rain  and 
atmosphere.  Dr.  Beale  observes,  that  there  was  no  consider- 
able frost  ohserved  on  the  ground  during  the  whole  ; whence  be 
concludes,  that  a frost  may  be  very  intense  and  dangerous  on 
the  top  of  some  hills  and  plaius  ; while  in  other  places  it 
keeps  at  two,  three,  or  four  fret  distance  above  the  ground, 
rivers,  lakes,  Ac.  and  may  wander  about  very  furious  in  some 
laces,  and  remiss  in  others  not  far  off.  This  frost  was  followed 
y glowing  heats,  and  a wonderful  forwardness  of  flowers  and 
fruits. 

Freeze,  in  Naval  Architecture,  ornamental  painting  or 
sculpture  on  the  upper  part  of  a ship's  quarter,  stern,  or  bow. 
It  consists  generally  of  armour,  instruments  of  war,  marine 
emblems,  &c. 

FREIGHT  or  a Ship,  the  hire  of  part  thereof,  usually  paid 
for  the  carriage  and  conveyance  of  goods ; or  the  sum  agreed 
upon  between  the  owner  and  the  merchant  for  the  hire  and  use 
of  a vessel. 

Freight.  The  freight  of  a vessel  is  usually  agreed  on  either  at 
the  rate  of  so  much  for  the  voyage,  or  by  the  month,  or  per  ton. 

FREIGHTING,  or  Letting  out  VetteU  on  Freight  or  Hire,  was 
once  one  of  the  principal  branches  of  the  trade  of  the  Dutch. 
They  were  the  carriers  of  all  the  nations  of  Europe,  and  their 
purveyors,  notwithstanding  that  their  country  produced  little  or 
nothing,  and  that  they  were  forced  to  have  everything  necessary 
for  the  building  of  a vessel  from  other  countries.  The  principal 
laws  relating  to  freighting  are:— That  if  a whole  vessel  be 
hired,  and  the  merchant,  or  person  who  hires  it,  does  not  give  it 
its  full  load  or  burden,  the  master  of  the  vessel  cannot,  with- 
out bis  consent,  take  in  any  other  goods  without  accounting  to 
him  for  freight.  That,  though  the  merchant  do  not  load  the  full 
quantity  of  goods  agreed  on  in  the  charter-party,  yet  he  shall 
pay  the  whole  freight;  and  if  he  load  more,  be  shall  pay  for  the 
excess.  If  a time  be  appointed  by  charter-party,  and  either 
the  ship  be  not  ready  to  take  in,  or  the  merchant  to  put  on 
board,  the  parties  are  at  liberty,  with  remedy  by  action  for  the 
detriment.  If  part  be  on  board,  and  some  misfortune  prevent 
the  merchant's  lading  the  whole  in  time,  the  master  may  con- 
tract with  another,  and  have  freight  as  damage  for  the  time 
longer  than  limited.  On  the  other  hand,  if  the  vessel  be  ready, 
the  merchant  may  ship  the  remainder  of  the  goods  aboard 
another,  and  recover  d&iungcs  against  the  first  master  or 
owners;  therefore,  by  the  marine  law,  chance,  or  other  noto- 
rious necessity,  will  excuse  the  master,  but  he  loses  bis  freight 
till  he  breaks  ground.  But  if  the  merchant  be  in  fault,  he  must 
answer  the  damage,  or  be  liable  to  maintain  the  crew  ten  days  ; 
and  if  after  that,  the  full  freight : if  damage  afterwards,  it  is 
the  merchant’s  risk : but  by  the  common  law,  while  the  goods 


are  on  board,  the  master  must  see  them  forthcoming.  If  goodi 
are  fully  laded,  and  the  ship  has  broken  ground,  but  Ibo 
merchant  afterwards  declines  the  adventure,  and  unlades 
again,  by  ihe  maritime  law  Ihe  freight  is  due.  If  a set  time  be 
agreed  on  between  the  merchant  and  master  to  begin  and  cud 
the  voyage,  it  n ay  not  be  altered  by  the  supercargo  without 
special  commission  ; and  if  a master  shall  sail  on  his  voyago 
after  the  time  agreed  on  for  his  departure,  and  damage  hap- 
pens afterwards,  he  shall  make  it  good.  If  a ship  be  freighted 
from  one  port  to  another,  thence  to  a third,  Ac.  and  10  Dome 
to  the  port  whence  she  first  sailed,  (commonly  called  a trading 
voyage,)  the  whole  is  one  and  the  same  voyage,  if  performed 
according  to  the  charter-piily.  If  the  ship  be  freighted  out 
and  in.  no  freight  is  due  till  the  voyage  is  performed  ; if,  there- 
fore, the  ship  perish  coming  home,  the  whole  freight  is  lost. 

The  mister  may  set  ashore  such  goods  as  he  finds  in  his 
vessel  which  were  not  notified  to  him,  or  take  them  at  a higher 
rate  than  was  azreed  on  for  the  rest.  But  if  the  mailer  freight 
his  ship,  and  afterwards  secretly  take  in  other  goods,  he  loses 
bis  freight;  and  if  any  of  the  freighter's  goods  should,  for  the 
ship's  safety,  be  cast  overboard,  the  rest  shall  not  be  subject 
to  average,  but  the  master  must  make  it  good. 

If  a ship  be  stopped  or  detained  in  its  course,  either  throngy 
the  master’s  or  merchant's  default,  the  delinquent  shall  be 
accountible  to  the  other.  Thus,  if  the  freighter  load  the  ship 
with  prohibited  goods,  be  shall  answer  the  freight  contracted ; 
but  it  the  ship  put  into  any  other  port  than  she  is  freighted  to, 
the  master  shall  answer  damage  to  the  merchant ; but  if  forced 
in  by  storm,  enemy,  or  pirates,  he  must  then  sail  to  the  stipu- 
lated port  at  bis  own  costs.  If  the  master  be  obliged  to  refit 
his  vessel  during  his  voyage,  the  merchant  shall  wait,  or  else 
pay  the  whole  freight;  if  the  vessel  could  not  be  refitted,  the 
master  is  obliged  to  hire  another  immediately,  otherwise  only 
to  be  paid  his  freight  in  proportion  to  the  part  of  the  voyage 
performed  ; though,  in  case  the  merchant  prove  that  the  vessel, 
at  ihe  time  it  set  sail,  was  not  capable  of  the  voyage,  the 
naster  must  lose  his  freight,  and  an  account  for  damages  to 
the  merchant.  Freight  shall  be  paid  Tor  merchandises  which 
the  master  was  obliged  to  sell  for  victuals,  or  refitting,  or  other 
necessary  occasions,  paying  for  the  goods  at  the  rate  the  rest 
were  sold  at  where  they  were  landed.  In  case  of  a prohibition 
of  commerce  with  the  country  whither  the  vessel  is  bound,  so 
that  it  is  obliged  to  be  brought  back  again,  the  master  only 
shall  be  paid  freight  for  going.  And  if  a ship  be  stopped  or 
detaiued  in  its  voyage  by  an  embargo  by  order  of  the  prince, 
there  shall  neither  he  any  freight  paid  for  the  time  of  the  deten- 
Uon  in  case  it  be  hired  per  month,  nor  shall  the  freight  be 
increased,  if  hired  for  the  voyage ; but  the  pay  and  the  victuals 
of  the  sailors  during  the  detention,  shall  be  deemed  average. 

Freight  is  also  used  for  the  burden  or  lading  of  a ship,  or 
the  cargo  of  goods,  Ac.  which  she  has  on  board.  Freight  is 
also  a duty  paid  to  the  government  of  France  by  the  masters 
of  foreign  vessels  going  in  or  out  of  the  several  ports  of  the 
kingdom. 

It  is  to  be  observed,  that  atl  vessels  not  boilt  in  France  arc 
accounted  foreign,  though  belonging  to  that  government,  and 
as  such,  are  liable  to  the  payment  of  an  impost,  unless 
otherwise  exempted,  or  that  two-thirds  of  the  crew  arc  French. 
The  Dutch  and  the  Hanse  Towns  were  exempted  from  the  duty 
of  freight 

FRENICLE,  Bernard,  r celebrated  French  mathematician 
of  the  seventeenth  century,  contemporary  and  companion  of 
Descartes,  Fermet,  Roberval,  and  the  other  distinguished 
mathematicians  of  that  time. 

FRESCO,  a method  of  painting  in  relievo  on  walls,  so  as  to 
endure  the  weather.  It  is  performed  with  water  colours  on 
fresh  plaster ; or  a wall  laid  with  mortar  not  dry.  This  sort  of 
painting  has  a great  advantage,  by  its  incorporating  with  the 
mortar  with  which  it  dries. 

FRESH,  when  applied  to  the  wind,  signifies  strong,  but  not 
violent  or  dangerous ; hence,  when  the  gale  increases,  It  is  said 
t o freshen. 

Fresii  Shot,  signifies  the  falling  down  of  any  great  river  into 
the  sea,  by  means  whereof  the  sea  hath  fresh  water  a good  way 
from  the  mouth  of  the  river.  As  this  is  more  or  less,  they  call 
it  a great  or  small  fresh  shot 
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Fresh  Spell,  a fresh  gang  to  relieve  the  rowers  In  the  long- 
boat. Fresh  Water,  implies  water  fit  to  drink,  in  oppostion  to 
sea  or  salt  water.  Fresh  Way  of  a Ship  implies  considerable 
volocilr. 

To  Freshen  Hrttcse,  to  relieve  that  part  of  the  cable  which 
has  for  some  time  been  exposed  to  friction  in  one  of  the  hawse- 
holes,  when  the  ship  rocks  and  pitches  at  anchor  in  a high  aea ; 
this  is  done  by  applying  fresh  service  to  the  cable  within  board, 
and  then  veering  it  into  the  hawse. 

Freshes,  imply  the  impetuosity  of  an  ebb-tide  increasing  by 
heavy  rains  mid  flowing  out  into  the  sea,  which  it  often  disco- 
lours to  n considerable  distance  from  the  shore,  insomuch  as 
the  line  which  divides  the  two  colours  may  be  perceived  dis- 
tinctly for  a great  length  along  the  coast. 

FRET,  or  Fretto,  in  Architecture,  a kind  of  ornament,  con- 
sisting of  two  lists  or  fillets  interlaced,  and  running  at  parallel 
distances  equal  to  the  breadth. 

Fret,  in  Music,  a kind  of  stop  on  some  instruments,  parti- 
cularly bass-viols  and  lutes. 

FRIABILITY,  that  quality  of  certain  bodies  whereby  they 
are  easily  reduced  to  powder.  Thus  we  speak  of  the  friability 
of  earths,  &c. 

FRICTION,  the  act  of  rubbing  two  bodies  together,  or  the 
resistance  in  machines  caused  by  the  motion  of  the  different 
parts  against  each  other.  Friotion  arises  from  the  roughness 
or  asperity  of  the  surface  of  the  body  moved  on,  and  that  of 
the  moving  body  ; for  such  surfaces  consisting  alternately  of 
small  eminences  and  cavities,  these  act  against  each  other,  and 
prevent  the  free  motion  that  would  ensue,  on  a supposition  of 
the  two  bodies  being  perfectly  polished  planes. 

Mr.  Ferguson  found  that  the  quantity  of  friction  was  always 
proportional  to  the  weight  of  the  rubbing  body,  and  not  to  the 
quantity  of  surface  ; and  that  it  increased  with  an  increase  of 
velocity,  but  was  not  proportional  to  the  augmentation  of 
celerity.  He  found  also  that  tbe  friction  of  smooth  soft  wood, 
moving  upon  smooth  soft  wood,  was  equal  to  one-third  of  tbe 
weight;  of  rough  wood  upon  rough  wood,  one-half  of  the 
weight : of  soft  wood  upon  bard,  or  hard  upon  soft,  one-fifth  of 
the  weight;  of  polished  steel  upon  polished  steel  or  pewter, 
one-quarter  of  tho  weight ; of  polished  steel  upon  copper,  one- 
fifth  ; and  of  polished  steel  upon  brass,  one-sixlh  of  the 
weight 

Columb  has  made  numerous  experiments  upon  friction,  and 
by  employing  large  bodies  and  ponderous  weights,  and  con- 
ducting his  experiments  on  a large  scale,  he  has  corrected 
several  errors  which  necessarily  arose  from  tbe  limited  ex- 
periments of  preceding  writers ; he  has  brought  to  light 
many  new  and  striking  phenomena,  and  confirmed  others 
which  were  hitherto  but  partially  established. 

We  cannot  in  a w ork  of  this  kind  follow  M.  Columb  through 
his  numerous  and  varied  experiments ; all  that  can  be  ex- 
pected will  be  a short  abstract  of  the  most  interesting  of  his 
results;  a few  of  which  are  as  follow:  — 1.  Tbe  friction  of 
homogeneous  bodies,  or  bodies  of  the  same  kind  moving  upon 
each  other,  is  generally  supposed  to  be  neater  than  that  of 
heterogeneous  bodies  ; but  Columb  has  shewn  that  there  are 
exceptions  to  this  rule.  2.  It  was  generally  supposed  that  in 
the  case  of  wood,  the  friction  is  greatest  when  tbe  bodies  are 
drawn  contrary  to  the  course  of  their  fibres ; but  Columb  has 
shewn  that  tbe  friction  in  this  case  is  sometimos  the  smallest.  3. 
The  longer  the  rubbing  surfaces  remain  in  contact,  the  greater 
is  their  friction.  4.  Friction  is  in  general  proportional  to  tbe 
force  with  which  the  rubbing  surfaces  are  pressed  together, 
and  is  commonly  equal  to  between  one-half  and  one-quarter  of 
that  force.  5.  Friction  is  not  generally  increased  by  augment- 
ing the  rubbing  surfaces.  6.  Friction  is  not  increased  by  an 
increase  of  velocity,  at  least  it  is  not  generally  so  ; and  even 
in  some  cases  the  friction  decreases  with  an  increase  of  cele- 
rity. 7.  Tbe  friction  of  oyllnders  rolling  upon  an  horizontal 
plane  is  in  tbe  direct  ratio  of  their  weights,  and  in  the  inverse 
ratio  of  their  diameters. 

From  a variety  of  experiments  on  the  friction  of  the  axes  of 
pulleys,  Columb  also  obtained  tbe  following  results  ; — When 
an  iron  axie  moved  in  a brass  bush  or  bed,  the  friction  was 
one-sixth  of  the  pressure;  hot  when  the  bush  was  besmeared 
with  very  clean  tallow,  the  friction  was  ouly  one-eleventh ; when 


swine’s  grease  was  interposed,  the  friction  amounted  to 
and  when  olive-oil  was  employed  as  an  unguent,  the  friotion 
was  never  less  than  ft,  or  When  tbe  axis  was  of  green 

oak,  and  the  bush  of  guaiacum-wood,  the  friction  was  A when 
tallow  was  interposed;  but  when  the  tallow  was  removed,  so 
that  a small  quantity  of  grease  ouly  covered  tbe  surface,  tbe 
friction  was  increased  to  fa.  When  the  bush  w as  made  of  elm. 
the  friction  was  of  similar  circumstances  A and  fa,  which  is  the 
least  of  all.  If  the  axis  be  made  of  box,  and  the  bush  of  guaia- 
cum-wood, the  friction  was  and  circumstances  being  the 
same  as  before.  If  the  axle  be  of  box  wood,  and  the  bush  of 
elm,  tbe  friction  will  be  fa  and  ^ ; and  if  the  axle  be  of  iron, 
and  the  bush  of  elm.  the  friction  will  be  fa  of  the  force  of  pres- 
sure. In  wood  rubbing  upon  wood,  oil,  grease,  or  black-lead, 
properly  applied,  makes  tiie  friction  two-thirds  less.  Wheel- 
naves,  when  greased,  have  only  one-fourth  of  the  friction  they 
would  have  if  wet.  Hence  the  propriety  of  so  contriving 
wheel  naves  as  to  keep  the  grease  from  being  dissipated. 
When  polished  steel  moves  on  steel,  or  pewter  properly  oiled, 
the  friction  is  about  one-fourth  of  the  weight ; on  copper  or 
lead,  one-fifth ; on  brass,  one-sixth ; and  metals  have  more 
friction  when  they  move  on  metals  of  tbe  same  kind,  than  on 
different  metals.  The  friction  of  a single  lever  is  very  little. 
Tbe  friction  of  the  wheel  and  axle  is  in  proportion  to  the  weight, 
velocity,  and  diameter  of  the  axle  ; the  smaller  the  diameter  of 
the  axle,  the  less  the  friction.  The  friction  of  pulleys  is  great, 
on  account  of  the  smallness  of  their  diameters  in  proportion  to 
that  of  their  axes  ; because  they  often  bear  against  the  blocks, 
and  from  tbe  wearing  of  their  holes  and  axles.  In  the  wedge 
and  screw  there  is  rnoch  friction.  Screws  with  sharp  threads 
have  more  friction  than  those  with  square  threads,  and  endless 
screws  have  most. 

An  easy  method  of  experimenting  on  tho  friction  of  surfaces, 
is,  to  place  a plank  with  its  upper  surface  level ; and  on  this  a 
thin  block  of  the  matter  to  be  tried,  with  a cord  fixed  to  it, 
which  block  may  be  loaded  with  different  weights ; and  a 
spring  steelyard  attached  to  the  other  end  of  the  cord,  to  draw 
It  along  by,  will  shew  the  force  necessary  to  produce  motion. 
See  tbe  following  figure,  where  A A is  the  plank,  B the  block 
of  matter  to  be  tried  loaded  with  a weight  W,  C the  scale  of 
the  spring  steelyard  ; which  shews  the  force  required  to  over- 
come the  friction,  when  the  block  B is  moved  by  drawing  at 
tbe  book  D.  By  attending  to  a few  precautions,  the  friction  of 
surfaces  may  be  easily  ascertained  with  Ibis  simple  apparatus. 
Thus,  to  try  the  friction  of  white  deal  on  white  deal,  the  plank 
A A was  of  that  substance,  as  well  as  tbe  block  B.  Then  a 


weight  W was  pnt  on  the  block,  when  the  block  and  the  load 
upon  it  amounted  to  20  lbs.  The  force  required  to  move  it 
from  rest,  as  shewn  by  the  steelyard,  was  7 lbs. ; and  when 
there  was  20  lbs.  more  weight  laid  upon  tbe  block,  the  force  to 
move  it  was  14  lbs.,  hence  we  find  that  the  friction  increases  in 
tbe  same  proportion  as  the  weight.  In  making  the  experi- 
ment on  the  fnction  of  wood,  (be  block  moves  quickly  forward 
as  soon  as  you  have  gently  drawn  the  spring  to  tbe  measure  of 
its  friction  at  rest,  and  it  may  be  continued  in  gentle  motion  with 
a less  degree  of  force.  Now,  if  you  continue  to  draw  steadily, 
so  as  to  give  the  block  the  slowest  regular  motion  it  wilt  take, 
the  scale  will  shew  the  friction  in  motion  to  be  31  lbs.  when 
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the  toad  ij  20  lbs.,  and  7 lbs,  w hen  the  toad  i»  40  Iba. ; therefore 
the  frictioD  in  motion  ia  not  scusibly  different  from  being  pro- 
portional to  tJic  pressure. 

The  relation  between  the  friction  and  the  pressure  is—  20  : 7 
::  100  : 36;  that  ia,  the  friction  from  rest  is  36  Iba.  when  the 
pressure  is  100 lb*,  or  35  per  cent  iu  white  fir  on  white  fir, 
drawn  in  the  direction  of  the  grain  of  the  wood,  when  the  rub- 
bing surfaces  of  the  Hr  have  been  planed  true  and  even.  And 
the  friction  of  white  fir  on  white  fir,  in  motion,  is,  40  : 7 : : 100 
: 17),  or  17)  lbs.  when  the  pressure  is  100  lbs.  that  is,  17)  per 
cent. 

In  trying  the  friction  in  motion,  the  slowest  regular  move- 
ment should  be  obtained.  If  you  endeavour  to  produce  a quicker 
motion,  you  will  find  that  a greater  force  is  uecessary  ; because 
it  requires  more  force  to  give  a body  a greeter  velocity  than  a 
small  one,  though  the  friction  be  the  same.  Without  this 
explanation,  a very  wrong  measure  of  friction  might  be 
adoptod. 

The  friction  from  rest  of  white  fir  on  white  fir,  across  the 
grain,  is  not  quite  33  lbs.  when  the  pressure  is  100 lbs. : but 
when  in  motion,  the  friction  is  sensibly  different  from  that  in 
the  direction  of  the  grain. 

The  surface  of  the  block  in  the  preceding  trial  was  six 
square  inches,  and  when  it  was  reduced  to  three  square  Inches, 
the  same  results  were  obtained.  In  these  trials  tncre  was  no 
attempt  made  to  ascertain  to  what  extent  it  was  possible  to 
reduce  the  rubbing  suifnces  without  increasing  tbe  friction. 

To  try  the  friction  of  metals  at  a small  expense,  let  the  blade 

saw  be  laid  flat  on  the  plank  A A.  and  a small  piece  of 
metal,  with  one  of  its  faecs  ground  true,  will  serve  for  the 
moving  piece  0.  If  the  moving  piece  li  he  of  steel,  the  surfaces 
will  then  be  steel  on  steel,  and  the  friction  from  rest  is  sensibly 
the  same  as  the  friction  in  motion  ; i #.  20 lbs.  when  the  pressure 
was  lOOIbs.,  or  the  friction  one-fifih  of  the  pressure.  When 
tbe  piece  B was  of  cast  iron,  ground  true  and  even,  the  friction 
was  22 lbs.  when  the  surfaces  were  pressed  together  by  100  lbs. 
and  it  was  sensibly  tbe  same  at  the  first  moving  from  rest,  as 
to  continue  a slow  motion.  When  the  piece  B was  of  gun- 
rnctal,*  ground  true  and  even,  the  friolion  was  only  15)  lbs. 
when  the  pressure  was  100 lbs.  and  the  same  in  slow  motion  as 
from  rest. 

Prom  these  experiments  it  will  appear,  that  the  friction  of 
different  combinations  of  matter  differ  very  considerably  ; and 
that  an  immense  quantity  of  power  may  be  lost  in  a machine 
by  using  those  substances  for  the  nibbing  parts  which  have 
great  friction.  Wc  sec  that  in  a combination,  where  gnn-mrtal 
moves  against  steel,  the  same  weight  may  be  moved  with  a 
force  of  16)  lbs.,  which  it  would  require  22  lbs.  to  move  when 
east  iron  moves  against  steel. 

The  resistance,  called  friction,  performs  Important  offices  in 
nature  and  in  works  of  art.  Friction  destroys,  but  never  gene- 
rates motion.  Were  there  no  friction,  all  bodies  on.thc  surface 
of  the  earth  would  be  clashing  against  one  another:  rivers 
would  dash  with  unbounded  velocity,  and  we  should  see  little 
besides  collision  and  motion.  As  it  is,  whenever  a body 
acquires  a great  velocity,  it  soon  loses  it  by  friction  against  the 
surface  of  the  earth ; the  friction  of  water  against  the  surfaces 
it  runs  over,  soon  reduces  the  rapid  torrent  to  a gentle  stream  ; 
the  fury  of  the  tempest  is  lessened  by  the  friction  of  the  air  on 
the  face  of  the  earth  ; and  the  violence  of  the  ocean  is  sobdued 
by  the  attrition  of  its  own  waters.  Its  offices  in  works  of  art 
are  equally  important. 

Oar  garments  owe  their  strength  to  friction ; and  the  strength 
of  ropes,  sails,  and  various  other  things,  depends  on  tbe  same 
cause ; for  they  are  made  of  short  fibres,  pressed  together  by 
twisting,  and  this  pressure  causes  a sufficient  degree  of  friction 
to  prevent  the  fibres  sliding  one  upon  another.  Without  fric- 
tion, it  would  be  impossible  to  make  a rope  of  the  fibres  of 
hemp ; or  a sheet  of  the  fibres  of  flax ; neither  could  tbe  short 
fibres  of  cotton  have  ever  been  made  into  such  an  infinite 
variety  of  forms  as  they  have  received  from  the  hands  of  onr 
truly  imgenious  countrymen.  Wool  also  has  been  converted 
into  a thousand  textures  for  comfort  or  for  luxury,  and  all 
these  are  constituted  of  fibres,  united  by  Diction.  In  fine,  if 

• A oosiposiUos  of  oopper  and  tin  afrtd  for  bearing*  fat  maebiaary. 


friction  retards  the  motion  of  machines,  and  consumes  a largo 
quantity  of  moving  power,  we  have  a full  compensation  in 
other,  and  equally  necessary,  benefits  which  it  insures  to  us. 

Friction,  in  Medicine  and  Surgery,  tho  act  of  rubbing  the 
surface  of  tbe  body,  whether  with  the  hand  only,  with  the  flesh- 
brush, flannel,  or  other  substances,  or  with  oils,  ointments,  or 
other  medicinal  matters,  with  a view  to  tbe  preservation  of 
health,  or  to  the  removal  of  partioular  diseases.  Io  delicate 
habits  the  use  of  the  flesh-brush,  or  gentle  rubbing  with  the 
hand,  until  some  degree  of  glow  is  produced  on  the  surface 
of  the  skin,  may  contribute,  like  riding  or  other  species  of 
exercise,  to  support  or  improve  the  health.  The  wholesome 
effects  of  friolion  are  well  illustrated  by  the  advantages  of  cur- 
rying horses  ; the  benefits  derived  from  it  in  these  animals  arc 
generally  considered  as  equivalent  to  half  the  feeding. — Fric- 
tion is  an  efficacious  remedy  in  several  conditions  of  disease  ; 
particularly  in  chronic  ilicunintisms  of  long  standing  ; in  mus- 
cular contractions,  succeeding  to  rheumatism,  Ac.  and  con- 
nected often  with  effusions  of  lytnph;  in  some  states  of  para- 
lysis ; in  certain  indolent  tumours,  Ac.  In  these  cases,,  a 
variety  of  unguents  and  liniments  is  recommended ; but  the 
friction  itself  is  the  principal  source  of  relief. 

FRIENDLY  Societies,  denote  associations,  chiefly  among 
tbe  most  industrious  of  the  lower  and  middling  class  of  trades- 
men and  mechanics,  for  the  purpose  of  affording  rach  other 
relief  in  sickness;  and  their  widow's  and  children  some 
assistance  at  tbeir  death.  These  have  been  thought  worthy  of 
the  protection  of  the  legislature,  to  prevent  frauds  which  had 
arisen  from  tbe  irregular  principles  on  which  many  of  them 
were  conducted.  The  statute  33  Geo.  III.  c.  54,  provides, 
that  any  number  of  persons  may  form  themselves  into  a society, 
and  raise  among  themselves  a fund  for  their  mntual  benefit, 
and  make  rules  and  impose  fines.  Tbe  rules,  declaring  the 
purpose  for  which  such  societies  are  established,  are  to  be 
exhibited  to  the  quarter  sessions,  who  may  annul  or  confirm 
them  ; in  which  latter  case,  they  are  to  be  signed  hy  the  clerk  of 
the  peace.  No  rate  thus  confirmed  is  to  be  altered  but  at  a 
general  meeting  of  the  society,  and  subject  to  the  control  of 
the  sessions. 

FRIEZE,  in  Architecture,  that  part  of  the  entablature  of 
columns  between  the  architrave  and  corniche.  Anciently 
friexes  were  enriched  with  figures  of  animals ; iu  modern 
times,  they  are  commonly  ornamented  by  figures  In  basso 
relievo. 

FRIGATE,  in  the  Navy,  a light  nimble  ship,  built  for  the 
I purpose  of  sailing  swiftly.  These  vessels  mount  from  twenty 
to  forty-four  guns,  and  make  excellent  cruisers. 

Fatosre-Atrifr,  the  disposition  of  the  decks  of  such  merchant 
ships  as  have  a descent  of  four  or  five  steps  from  the  quarter- 
deck and  forecastle  into  the  waist,  in  contradistinction  to  those 
whose  decks  are  on  a continued  line  for  the  whole  length  of  the 
ship,  whioh  are  called  galley-built.  Formerly  the  name  of 
frigate  was  only  known  in  the  Mediterranean,  and  applied  to  a 
kind  of  long  vessels  navigated  in  that  sea  with  sails  and  oars. 
The  English  were  the  first  who  appeared  on  the  ocean  with 
those  ships,  and  equipped  them  for  war  as  well  as  commerce. 

FRIGORIFIC  Particles,  is  a term  used  by  some  early 
philosophers  to  denote  what  they  considered  the  matter  of 
cold,  as  modern  philosophers  make  caloric  the  matter  of  heat. 

FRINGELLA,  in  Ornithology,  a genus  belonging  to  tbe 
order  of  passeres,  of  which  there  are  one  hundred  and  three  spe- 
cies, distinguished  principally  by  varieties  in  their  colour,  as 
the  carduelis,  or  goldfinch.  2.  The  carlebs,  or  chaffinch.  3.  Tbe 
montifringilla,  or  branding.  4.  The  domestica,  or  sparrow. 
6 The  spinus,  or  siskin.  In  the  bird-shops  in  London  it  is 
known  by  the  name  of  the  aberdevine.  It  is  a docile  speries. 
and  ia  often  kept  and  paired  with  the  canary-bird,  with  which  it 
breeds  freely.  6.  Tbe  linota,  or  lionet.  7.  The  cannabina,  or 
greater  rcdpole,  which  frequents  onr  sea- coasts,  and  is  often 
taken  near  London.  8.  The  linaria,  or  lesser  rcdpole,  is  known 
about  London  hy  tbe  name  of  stone  redpole.  9.  The  inondum, 
or  twite,  abont  tire  sire  of  a lionet  10.  Tbe  canaria,  or  canary- 
bird,  originally  peculiar  to  those  islands,  to  which  it  owes  its 
name.  These  birds  are  all  well  known. 

FRIT,  In  tbe  Manufacture  of  Glass,  is  tbe  matter  or  ingredi- 
ents of  whioh  tbe  glass  is  to  be  made,  when  they  have  Keen 
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calcined  or  baked  in  a furnace  ; and  these  ingredients  are  soda 
and  sand  or  Hint. 

Fit  ITU,  an  arm  of  the  sea,  as  the  frith  of  Forth,  the  frith  of 
Clyde,  &.c. 

1FR1ZING,  in  the  Woollen  Manufactories,  is  a term  applied 
to  the  funning  of  the  knap  of  cloth  or  stuff  into  any  number  of 
little  hard  burrs  or  prominences,  covering  almost  the  whole 
ground  thereof.  Some  cloths  arconly  frized  on  the  back,  as  black 
cloths;  others  on  the  right  side,  as  coloured  and  mixed  cloths, 
ratccns,  bays,  freezes,  fee.  Prizing  may  he  performed  two 
ways;  one  with  the  hand,  that  is,  by  two  workmen,  who  con- 
duct a kind  of  plank  that  serves  for  a frizing  instrument.  The 
other  way  is  by  a mill,  worked  cither  by  water  or  a horse,  or 
sometimes  by  men.  This  latter  is  esteemed  the  better  wav  of 
frizing,  the  motion  being  uniform  and  regular,  and  the  little 
knobs  of  the  frizing  arc  formed  uiorr  equably  and  regularly.— 
The  structure  of  this  useful  machine  is  as  follows:  The 
three  principal  parts  are,  the  frizer  or  crisper ; the  frizing-tahle; 
and  the  drawer,  or  beam.  The  two  first  are  two  equal  planks, 
or  boards,  each  about  10  feet  long,  and  15  inches  broad  ; differ- 
ing only  in  this,  that  the  frizing-tablc  is  lined  or  covered  with 
a kind  of  coarse  woollen  stuff,  of  a rough,  sturdy  knap,  and  that 
the  frizer  is  incrustatcd  with  a kind  of  cement  composed  of 
glue,  gum-arabic,  and  yellow  sand,  with  a little  aqua  vitae,  or 
urine.  The  beam  or  drawer,  thus  called  because  it  draws  the 
stuff  from  between  tbe  frize  and  frizing  table,  is  a wooden 
roller,  beset  all  over  with  little,  fine,  short  points  or  ends  of 
wire,  like  those  of  cards  used  in  carding  of  wool.  Tho  disposi- 
tion and  use  of  tho  machine  arc  thus  ; the  tabic  stands  immove- 
able, and  bears  or  sustains  the  cloth  to  be  frized,  which  is  laid 
with  that  side  uppermost  on  which  the  knap  is  to  be  raised. 
Over  the  table  is  placed  the  frizer,  at  such  a distance  from  it  as 
to  give  room  for  the  stuff  to  be  passed  between  them ; so  that 
the  frizer,  having  a very  slow,  semicircular  motion,  meeting  the 
long  hairs  or  knap  of  the  cloth,  twists  and  rolls  them  into  little 
knobs  or  burs,  while,  at  tho  same  time,  the  drawer,  which  is 
continually  turning,  draws  away  the  stuff  from  under  the  frizer, 
and  winds  it  over  its  points. 

FROG-FISH  of  Surinam,  a singular  animal,  which  is  pro- 
duced by  the  transformation  of  a frog  into  a fish.  In  Surinam 
these  fishes  are  called  jakics.  They  are  cartilaginous,  of  a 
substance  like  our  mustcla,  and  exquisite  food.  They  are 
formed  with  regular  vertebra?,  and  small  bones  all  over  tbe 
body,  divided  into  equal  parts  ; arc  first  darkish,  and  then  gray  ; 
their  scales  make  a beautiful  appearance. 

FROST,  such  a state  of  the  atmosphere  ns  causes  the  con- 
gelation or  freezing  of  water  or  other  fluids  into  icc.  In  the 
more  northern  parts  of  the  world,  even  solid  bodies  are 
affected  by  frost,  though  this  is  only  or  chiefly  in  consequence 
of  the  moisture  they  contain,  which  bting  frozen  into  ice,  and 
so  expanding,  as  water  is  known  to  do  when  frozen,  it  bursts, 
and  rends  any  thing  in  which  it  is  contained,  as  plants,  trees, 
stones,  and  large  rocks.  Many  lluidscxpand  by  frost,  as  water, 
which  expands  about  onc-tcnth  part,  for  which  reason  ice 
floats  in  water;  but  others  again  contiact,  as  quicksilver, 
and  thence  frozen  quicksilver  sinks  in  the  lluid  metal.  Frost, 
being  derived  from  the  atmosphere,  naturally  proceeds  from 
tbe  upper  parts  of  bodies  downwards,  as  the  water  and  the 
earth  ; so  the  longer  a frost  is  continued,  the  thicker  the  ice 
becomes  upon  the  water  in  ponds,  and  the  deeper  into  the 
earth  the  ground  is  frozen. 

FROTH  SPIT,  or  Cuckow  Spit,  a name  given  to  a white 
froth  or  spume  very  common  in  the  spring.  It  forms  the  nidus 
of  a species  of  cicada. 

FRUCTIFICATION,  the  terminating  nf  an  old  vegetable, 
and  the  beginning  of  a new  successor.  See  Hotnny. 

FRUIT,  in  Botany,  is  that  part  of  a plant  in  w hich  the  seed  is 
contained;  and  fruits  are  recent,  fresh.  and  dry,  according  as 
they  have  been  gathered  for  immediate  use,  or  prepared  fur 
keeping,  by  being  dried  in  the  sun,  or  otherwise  preserved. 

Fruit  Stones  swallowed,  have  often  been  the  cause  of  fatal 
complaints  in  tho  bowels  ; for  though  the  guts  are  so  defended 
by  their  proper  mucus,  that  people,  and  children  especially, 
seldom  suffer  by  the  generality  of  things  they  devour  ; yet  the 
hair  off  the  skins  of  animals,  the  stumps  of  birds'  feathers,  the 
fibres,  vessels,  and  nerves  of  plants,  are  not  altered  by  tbe 


stomach,  and  often  collect  in  lumps  in  tbe  intestines,  producing 
colics,  pains,  &c.  without  being  voided,  except  by  the  roost 
violent  purges. 

FRUSTUM,  in  Geometry,  is  tbe  part  of  a solid  next  the  base, 
left  by  cutting  off  the  top  or  segment  by  a plane  parallel  to  the 
base  ; as  tbe  frustum  of  a pyramid,  of  a cone,  of  a conoid,  of  a 
spheroid,  or  of  a sphere,  which  is  any  part  comprised  between 
two  parallel  circular  sections  ; and  the  middle  frustum  of  n 
sphere  is  that  whose  ends  arc  equal  circles,  having  the  centres 
of  the  sphere  in  the  middle  of  it,  and  equally  distant  from 
both  ends. 

FUCHS,  a name  given  by  the  ancients  to  certain  dyes  and 
paints.  By  this  name  they  called  a purple  sea-plant,  used  by 
them  to  dye  woollen  and  linen  cloths  of  that  colour.  The  dye 
was  very  beautiful,  but  not  lasting  ; for  it  soon  began  to  change, 
and  in  time  went  wholly  off. 

Fucus,  in  Botany,  a genus  of  the  order  of  alga?,  belonging  to 
the  cry ptogamia  class  of  plants;  as,  1.  The  serratns,  serrated 
fucus,  or  sca-wraek.  frequent  upon  the  rock*  at  low-water- 
mark. 2.  The  vesiculosus,  bladder  fucus,  common  sea-wrack, 
or  sea-ware,  grows  on  the  sra-rocks  about  low-water-mark. 
This  species  is  an  excellent  manure  for  land ; to  which  pur- 
pose it  is  often  applied  in  Scotland,  and  other  countries.  Hut 
the  most  beneficial  use  to  which  the  fucus  vesiculosus  is  applied, 
is  in  making  kelp,  a work  much  practised  in  the  Western 
isles.  The  manufacture  or  burning  of  kelp  employ  s 30,000  per- 
sons in  Great  Britain,  and  it  sells  from  £1.  It)#.  to  £&.  6*.  a ton. 

FUEL,  comprehends  the  fluid  inflammable  bodies;  peat  or 
turf;  charcoal  of  wood ; pit  coal  charred  ; nud  wood,  or  pit- 
coal  in  a crude  slate,  and  capable  of  yielding  a copious  and 
bright  flame. 

FUGUE,  in  Music,  a term  derived  from  the  Latin/iiuyfi.a  flight, 
und  signifying  a composition  cither  vocal  or  instrumental,  or 
both,  in  which  one  party  leads  off  some  determined  succession 
of  notes  called  the  subject,  which,  after  being  answered  in  the 
fifth  and  eighth  by  the  other  parts,  is  interspersed  through  the 
movement,  and  distributed  amid  all  the  ports  at  the  pleasure 
of  the  composer,  sometimes  accompanied  by  other  adventitim  s 
matter,  and  sometimes  by  itself.  There  arc  distinct  descrip- 
tions of  fugues ; the  simple  fugue,  the  double  fugue,  aud  counter 
fugue. 

FULCRUM,  in  Mechanics,  the  prop  or  support  upon  which 
a lever  is  sustained.  At  LtVBIt. 

FULGORA,  or  Lantern  Fi.y,  an  insect  belonging  lo  the 
hemiptera  order.  I.  The  Peruvian  lantern  fly  measures  nearly 
three  inches  and  a half  from  the  front  to  the  tail,  and  about  five 
inches  and  a half  from  wing  to  wing,  when  expanded  ; this  beau- 
tiful insect  is  a native  of  Surinam,  aud  many  other  parts  of 
South  America,  and  during  the  night  diffuses  so  strung  a splen- 
dour from  its  head,  that  it  may  be  employed  lor  the  purpose  of 
a candle  or  torch  ; and  it  is  said,  that  three  or  four  of  tho 
insects  tied  to  the  top  of  a stick,  are  frequently  used  by  travel- 
lers for  that  purpose.  2.  The  fulgora  candclaria  is  a smaller 
species  than  the  preceding,  and  is  a natri  c of  Chinn.  3.  Fulgora 
diadema  is  an  Indian  species ; its  colour  is  biown,  with  red  and 
yellow  variegations;  in  size  it  is  nearly  similar  to  that  of  tho 
preceding  species. 

FU L1CA,  the  fiat/inuie  and  Coot,  a genus  of  birds  of  ihc  order 
of  gall.e.  of  which  there  are  26  species,  18  of  which  belong  lo 
the  gallinule  division,  distinguished  by  having  the  Iocs  fur- 
nished with  broad  scalloped  membranes  ; and  seten comprehend 
the  coots,  which  have  the  toes  divided  to  their  origin.  The 
alra.  or  common  root,  has  a bald  forehead,  a black  body,  and 
Minted  toes,  and  is  about  15  inches  in  length.  They  frequent 
lakes  and  still  rivers  ; making  their  nests  among  the  rushes, 
with  grass,  reeds,  &c.  flouting  on  the  water,  so  as  to  rise  and 
fall  n ills  it, 

FULL  and  By,  the  situation  of  a ship  with  regard  to  the 
wind,  when  she  is  close-hauled,  and  sailing  in  such  a manner 
as  neither  lo  steer  too  nigh  tbe  direction  of  the  wind,  nor  to 
deviate  from  it ; or  it  Is  when  a ship  is  as  close  as  she  will  lie 
to  the  wind  without  suffering  the  sails  to  shiver ; hence.  Keep 
her  Full,  is  the  order  to  the  helmsman,  not  to  incline  too  rauoli 
to  windward,  and  thereby  shake  the  sails,  which  would  retard 
the  ship’s  velocity. 

FULLER,  a workman  employed  in  the  woollen  manufac- 
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lories  to  mill  or  seonr  cloths,  series,  and  other  staff*.  In  order 
to  render  them  more  thick,  compact,  and  durable. 

FULLER’S  Earth,  a well-known  mineral,  generally  of  a 
greenish  white  colour,  more  or  less  mixed  with  brown,  gray,  or 
yellow;  of  a soft  and  friable  texture,  and  somewhat  unctuous 
to  the  touch.  When  thrown  into  water,  it  immediately  absorbs 
it,  and  breaks  down  into  a fine  pulp.  Its  great  utility  in 
removing  grease  from  woollen  cloths,  and  other  fabrics,  has 
given  this  earth  a great  value  in  commerce,  and  its  exportation 
is  prohibited  under  very  severe  penalties.  There  are  very 
extensive  beds  of  this  earth  in  several  counties  in  England,  as 
Kent.  Surrey.  Sussex,  and  at  Wavedon,  near  Wuborn.  in  Bed- 
fordshire. In  no  country  in  the  world  is  such  excellent  fuller's 
earth  produced  as  at  Wa*cdon.  We  have  noticed  the 
valuable  properly  of  this  earth,  of  taking  grease  out  of  woollen 
and  other  cloths,  which,  on  a large  scale,  is  effected  by  the 
operation  called  fulling,  whence  ill  name  has  been  derived. 
Tliis,  which  is  performed  by  a kind  of  water-mill,  called  a 
fulling-mill,  is  particularly  necessary  with  respect  to  new 
clotbs,  for  the  purpose  of  depriving  them  of  the  grease  and  oil 
which  has  been  used  in  tbeir  preparation. 

In  the  dressing  of  cloth,  this  earth  is  so  indispensable,  that 
foreigners,  although  they  can  procure  the  wool,  are  never  able, 
without  fuller’s-earth,  to  reach  the  perfection  of  the  English 
cloths  ; and  in  this  country  incalculable  quantities  of  it  arc  con- 
sumed. As  an  article  of  domestic  utility,  it  might  be  more 
frequently  used  than  it  is  for  the  cleaning  and  scouring  ol 
wooden  floors  and  wainscots.  In  this  respect  it  might  be 
rendered  an  excellent  substitute  for  soap  See  Woollen 
Cloths. 

FULLING,  the  act  of  cleansing,  scouring,  and  pressing, 
stuffs,  cloths,  stockings,  flee,  to  render  them  stronger,  firmer,  and 
closer;  called  also  milling,  because  these  cloths  arc  ia  fact 
scoured  by  a water  mill.  The  principal  parts  of  a fulling-mill 
are,  the  wheel  with  its  trundle,  which  gives  motion  to  the  tree 
or  spindle,  whose  teeth  communicate  that  motion  to  the  pestles 
or  stampers,  which  fall  into  troughs,  wherein  the  cloth  is  put 
with  fuller's  earth  to  be  scoured,  and  thickened  by  this  process 
of  beating  it. 

FULMINATING  Powder,  (from  fulmino , to  thunder ,)  is  a 
prepared  powder  which  explodes  upon  the  application  of  cer- 
tain degrees  of  heat,  with  instantaneous  combustion  and 
prodigious  loud  noise. 

Simple  fulminating  powder,  without  any  metallic  substance,  is 
thus  prepared  ; take  three  parts  of  nitre,  two  of  purified  pearl- 
ash.  and  one  of  flowers  of  sulphur;  mix  the  whole  very  accu- 
rately in  an  earthen  mortar,  and  place  it  on  a tile  or  plate 
before  the  fire  till  it  is  perfectly  dry  ; then  transfer  it  while  hot 
into  a ground  stopper  bottle,  and  it  may  be  kept  without  injury 
for  any  length  of  time.  In  order  to  experience  its  ©fleets,  pour 
from  ten  to  forty  grains  into  an  iron  ladle,  and  place  it  over  a 
slow  fire;  in  a short  timo  the  powder  becomes  brown,  and 
acquires  a pasty  consistence;  a blue  lambent  flame  then 
appears  on  the  surface,  and  in  an  instant  after  the  whole  ex- 
plodes with  a stunning  noise  and  a slight  momentary  flash, 
if  the  mass  be  removed  from  the  fire  as  soon  as  it  is  fused,  and 
kept  in  a dry  well-closed  vial,  it  may  at  any  time  be  exploded 
by  a spark,  in  which  case  it  burns  like  gunpowder,  but  more 
rapidly  and  with  greater  detonation  ; but  this  effect  cannot  be 
produced  on  the  unmelted  powder,  how  accurately  soever  the 
ingredients  of  it  are  mixed  together.  When  fulminating  pow- 
der is  in  fusion,  but  not  heated  to  the  degree  necessary  to 
produce  the  blue  flame,  a particle  of  ignited  charcoal  thrown 
upon  it  will  occasion  immediately  a remarkably  loud  explosion. 
It  appears,  that  the  ingredients  of  this  powder  do  not  acquire 
their  fulminating  property  till  combined  by  fusion ; in  other 
words,  till  the  potash  of  sulphur  form  sulpliurct  of  potash  ; 
whence  fulminating  powder  may  also  be  made  by  mixing  sul- 
phurct  of  potash  with  nitre,  instead  of  by  adding  the  sulphur 
and  alkali  separate.  In  all  these,  the  cause  of  the  detonation 
or  falmination  is  not  accurately  understood.  In  simple  fulmi- 
nating powder,  there  is  a very  large  portion  of  clastio  gas 
evolved;  in  fulminating  gold  or  silver,  a much  smaller;  yet 
the  explosion  in  the  latter  case  is  infinitely  greater  than  tliat 
in  the  former. 

Fulminating  Gold.  Dissolve  pure  gold  into  muriatic  acid  to 


saturation,  and  dilute  the  solution  with  three  times  Its  bulk  of 
distilled  water,  and  add  to  it  gradually  some  pure  ammonia  ; 
a yellow  precipitate  w ill  be  obtained,  which  must  be  repeatedly 
washed  with  distilled  water,  and  dried  on  a chalk  stone,  or  in 
a filter.  When  dry,  it  is  called  fulminating  gold,  and  detonates 
by  heat,  as  may  be  shewn  by  heating  a few  grains  of  it  on  the 
point  of  a knife  over  the  candle. 

Fulminating  Silver.  Dissolve  fine  silver  in  pale  nitric  acid, 
and  precipitate  the  solution  by  lime  water ; decant  the  fluid, 
mix  the  precipitate  with  liquid  ammonia,  and  stir  it  till  it 
assumes  a black  colour;  then  decant  the  fluid,  and  leave  it  in 
the  air  to  dry.  This  product  is  fulminating  silver,  which  can- 
not even  be  touched  without  producing  a violent  explosion. 
Its  preparation  is  so  hazardous,  that  it  ought  not  to  be 
attempted  without  a mask,  with  strong  glass  eyes,  upon  the 
face.  No  more  than  a single  grain  ought  at  any  time  to  be  tried 
as  an  experiment. 

Mr.  Cbenevix  has  invented  a less  dangerous  fulminating  sil- 
ver, which  is  thus  urepared : Diffuse  a quantity  of  alumina 
through  water,  and  let  an  abundant  current  of  chlorine  gat 
pass  through  it  Then  digest  some  phosphate  of  silver  on  the 
solution  of  the  chlorate  of  alumina,  and  evaporate  it  slowly. 
The  produce  will  then  be  a hyperchlorate  of  silver,  a tingle 
grain  of  which,  in  contact  with  two  or  threo  of  sulphur,  will 
explode  violently  with  the  slightest  friction. 

Fulminating  Mercury.  The  mercurial  preparations  which 
fulminate  when  mixed  with  sulphur,  and  gradually  exposed  to 
a gentle  heat,  are  well  known  to  chemists ; they  were  discovered 
by  Mr.  Baycn. 

Mercury,  and  most,  if  not  all  its  oxides,  may,  by  treatment 
with  nitric  acid  and  alcohol,  be  converted  into  a whitish  crystal- 
lised powder,  possessing  all  the  inflammable  properties  of 
gunpowder,  as  well  as  many  peculiar  to  itself. 

FUNCTION,  Animal,  applied  to  the  actions  of  the  body,  is 
by  physicians  divided  into  vital,  animal,  and  natural.  The 
vital  functions  ore  those  necessary  to  life,  and  without  which 
the  individual  cannot  subsist ; as  the  motion  of  the  heart, 
longs,  &c.  The  natural  functions  are  those  which  the  body 
cannot  subsist  any  considerable  time  without,  as  the  digestion 
of  the  aliment  and  its  conversion  into  blood.  Animal  functions 
include  the  senses  of  touching,  tasting  8tc.  memory,  judgment, 
and  voluntary  motion. 

Function.  A quantity  is  said  to  be  a function  of  another 
quantity,  when  its  value  depends  on  that  quantity  and  known 
quantities  only  ; and  it  is  said  to  be  a function  of  several  quan- 
tities. when  its  value  depends  on  those  quantities  and  known 
quantities  only. 

FUNDAMENTAL  Note,  in  Music,  the  principal  note  in  a 
song  or  composition,  to  which  all  the  rest  arc  adapted:  it  ia 
also  called  the  key  to  the  song. 

FUNDS,  the  Public,  in  a political  sense,  mean  the  money 
lent  by  the  nation  to  government,  and  known  as  the  Rational 
Debt,  and  for  which  the  lenders,  or  their  assignees,  receive 
interest  from  revenues  allotted  for  that  purpose.  For  upwards 
of  a century  past,  the  war  expenses  of  the  government  have  far 
exceeded  the  produce  of  the  taxes  ; hence  the  government  ha* 
been  compelled  to  borrow  on  the  security  of  the  taxes  on  pro- 
perty ; and  the  accnmnlatcd  national  debt,  at  the  present  time, 
is  estimated  at  about  830  millions,  for  the  re-payment  of  w hich, 
and  its  interest,  31  millions,  oil  the  property  of  the  country, 
stands  mortgaged.  The  interest  of  this  debt  is  regularly  paid 
at  the  Bank  of  England  from  the  produce  of  the  taxes.  Hence 
it  is  that  persons  who  have  spare  money  either  gladly  subscribe 
to  loans,  or  purchase  of  public  creditors  their  shares  of  the 
public  debt,  called  Stock.  There  are  several  kinds  of  stock  or 
funds,  according  to  the  annual  interest,  as,  3 per  cent,  stock} 
34  per  cent,  stock  ; and  4 per  cent,  stock. 

To  purchase  stock,  or  to  put  money  in  the  stocks,  is  to 
become  a creditor  of  the  nation,  by  buying  a title  to  so  much 
interest.  Of  course,  the  price  of  stock  varies  according  as 
money  is  more  or  less  plentiful,  as  there  arc  more  or  fewer 
buyers,  and  as  the  opinion  of  public  credit  is  high  or  low.  As 
£100  produces  6 per  cent,  at  lawful  interest,  the  4 per  cent,  ia 
at  par  at  £80  . the  34  at  £70 ; and  the  3 per  cent,  at  £00.  The 
slocks  are  high  or  low,  as  they  produce  less  or  more  than  legal 
interest,  and  as  they  vary  above  or  below  par. 
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Sinking  Fcm>.  In  order  to  pay  off  the  national  debt.  Dr. 
Price  suggested,  in  1786,  an  expedient  of  reserving  a million 
per  nnoatn.  with  which  to  purchase  stock  for  the  public,  and  to 
apply  all  its  interest  in  further  purchases,  so  that  the  fund 
should  increase  in  the  ratio  of  compound  interest.  Upwards 
of  three  hundred  thousand  per  annum  was  afterwards  added, 
and  the  whole  called  The  Sinking  Fund.  A farther  plan  of 
repayment  was  adopted  in  1792,  of  appropriating  one  pound  of 
every  hundred  borrowed  in  future,  to  the  same  principle  of 
accumulation,  it  being  known  that  one  pound  at  compound 
interest  will  produce  £99  in  94  years,  or  £60,  the  par  price  of 
the  3 per  cents,  in  84  years.  The  accumulation  of  these  vari- 
ous means  had  enabled  the  public  commissioners  on  the  1st  of 
February,  1814,  to  redeem  234  millions  of  the  debt,  to  buj  up, 
and  to  make  annual  purchases  of  upwards  of  eleven  millions, 
so  that  the  whole  of  the  present  debt  may  be  redeemed  by 
these  means  within  forty  years ; supposing,  as  was  actually 
done  in  1823,  that  five  or  six  millions  annually  can  be  appro- 
priated to  this  fund. 

The  expenses  of  the  government,  or  the  supplies  required  of 
parliament,  amounted,  in  1814,  to  nearly  120  millions  per 
annum,  of  which  28  millions  were  for  the  navy;  38  millions  for 
the  army  and  ordnance ; 33  millions  for  the  interest  of  the 
national  debt ; and  the  rest  for  the  civil  list  and  miscellaneous. 
During  the  year  ending  January  6,  1822,  the  public  expendi- 
ture was  above  21  millions,  of  which  five  millions  and  a half 
were  for  the  navy,  and  nine  raillioos  and  a quarter  for  the  army 
and  ordnance,  two  millions  for  the  civil  list,  kc.  and  five  millions 
for  interest  of  exchequer  bills  and  sinkiog  fund,  over  and  above 
the  interest  of  the  public  debt,  amounting  to  31  millions. 

The  tcayt  ami  means  for  raising  the  atove  supplies  are,  by 
duties  of  customs  and  excise ; by  assessed  taxes,  by  stamp  and 
legacy  duties,  and  by  licenses  of  varicus  kinds. 

FUNGI,  the  name  of  the  4th  order  of  the  24th  class  of  vege- 
tables, in  the  Linnoean  system,  comprehending  the  mushroom 
kind.  This  order  in  Linnwus  contains  10  genera.  The  ancients 
eallod  fungi  children  of  the  earth,  to  indicate  the  obscurity  of 
their  origin.  The  modems  have  likewise  been  at  a loss  in  what 
rank  to  place  them;  some  referring  them  to  the  animal,  some 
to  the  vegetable,  and  others  to  tbc  mineral  kingdom.  Messrs. 
Wilck  and  Munchausen  have  not  scrupled  to  rank  them  in  the 
number  of  animal  productions ; because  when  fragments  of 
them,  or  their  seed,  were  macerated  in  water,  they  perceived  a 
quantity  of  animalcules  discharged,  which  they  supposed  capa- 
ble of  being  changed  into  the  same  substance. 

The  mushroom  is  one  of  the  most  perishable  of  plants,  and 
therefore  the  most  favourable  for  the  generation  of  insects. 
Considering  the  quickness  of  its  growth,  it  must  be  furnished 
with  a power  of  copioos  absorption  ; the  extremities  of  its 
vessels  must  be  more  dilated  than  in  other  plants.  Its  root 
seems  in  many  eases  to  be  merely  intended  for  its  support;  for 
some  species  grow  upon  stones  or  moveable  sand,  from  which 
it  Is  impossible  that  they  can  draw  much  nourishment.  We 
must  therefore  suppose,  that  it  is  chiefly  by  the  stalk  that  they 
absorb.  These  stalks  grow  in  a moist  and  tainted  air,  in  which 
float  multitudes  of  eggs,  so  small,  that  the  very  insects  they 
produce  are  with  difficulty  seen  by  the  microscope.  A quantity 
of  these  eggs  are  probably  absorbed  by  the  vessels  of  Uie  fun- 
gus. and  remain  there  without  any  change,  till  the  plant  begins 
to  decay. 

FUNGUS,  in  Surgery,  denotes  any  spongy  excrescence. 

FUNICULAR  Machinr,  is  a term  used  to  denote  an  assem- 
blage of  cords,  by  means  of  which  two  or  many  pow  ers  sustain 
one  or  many  weights.  This  is  classed  by  some  authors 
among  the  simple  mechanical  powers,  and  is  the  simplest  of 
them  all.  In  order  to  find  the  law  of  equilibrium  in  this 
machine,  we  must  first  reduce  all  the  powers  which  meet  at  one 
point  to  a single  power,  by  the  method  ofcoraposition  of  forces  ; 
which  single  power  must  act  In  the  direction  of  the  cord, 
this  being  evidently  necessary  for  establishing  an  equilibrium  ; 
following  this  method,  we  may  reduce  all  the  powers  which 
act  on  different  points  of  the  cord,  to  a system  of  pow  ers  aeting 
cu  the  samo  point.  Then  to  establish  the  perfect  equilibrium, 
reduce  these  powers,  which  act  all  on  the  same  point,  to  one 
equivalent  power,  and  we  shall  have  two  powers  only,  which 
ought  to  be  equal,  and  acting  in  contrary  directions. 


FUR,  m Commerce,  the  skin  of  a wild  beast  dressed  iu 
alum,  with  the  hair  on;  and  used  as  part  of  dress  by  persons 
ofevery  rank,  according  ascustom,  etiquette,  caprice,  or  wealth, 
may  dictate.  The  principal  part  of  the  fors  sold  in  Britain 
come  from  our  possessions  in  Canada,  or  are  brought  thither 
to  the  merchants  by  the  Indians ; and  in  one  year  there  are 
usually  purchased, 


106,000  Beaver  skins, 
2,100  Bear  do. 

1,500  Fox  do. 
4,000  Kite  fox  do. 
4.600  Otter  do. 

17.000  Musquash  do. 

32.000  Marten  do. 
1,800  Mink  do. 

600  Buffalo  robes,  and 


0,000  Lynx  skins, 

000  Wolverine  do. 
1,660  Fisher  do. 

100  Rackoon  do. 
3,800  Wolf  do. 

700  Elk  do. 

760  Deer  do. 

1,200  Ditto,  dressed, 
an  immense  quantity  of  castoreure. 


All  which  are  received  in  exchange  for  goods  shipped  from 
this  country,  as  coarse  woollen  cloths,  blankets,  arms,  ammu- 
nition, tobacco,  Manchester  and  Glasgow  goods,  linens,  sheet- 
ings, thread,  hardware,  cutlery  and  ironmongery,  kettles,  pots, 
shoes,  hats,  hose,  spirits,  kc. 

This  will  be  better  illustrated  by  the  following  statement:— 
We  will  suppose  the  exchange  to  be  made  in  ihc  Indian 
country  in  1824-6. 

1.  The  order  for  the  goods  was  sent  to  this  country, 

London,  for  example, 25th  October,  1821. 

2.  They  are  shipped  from  London, March,  1822. 

3.  They  arrive  in  Montreal, June,  1822. 

4.  They  are  made  up  in  parcels,  of  90  lbs.  weight  each,  in 

the  course  of  that  summer  and  winter, 1822. 

5.  They  are  sent  from  Montreal, May,  1823. 

6.  They  arrive  in  the  Indian  country,  and  are  exchanged 

for  furs  in  the  following  winter, 1823 — 1824. 

7.  Which  furs  come  to  Montreal, September,  1824. 

8.  And  arc  shipped  for  London,  where  they  are  sold  in 

March  and  April,  and  paid  for  in  May  or  June, ....  1825. 


Thus  the  merchants  lie  out  of  their  money  three  yrara,  from 
the  time  they  purchase  the  commodities  in  England  till  they 
receive  their  returns,  and  in  all  four  years  are  consumed  before 
one  order,  and  its  consequent  sales,  are  completely  closed. 

FURLING,  the  operation  of  wiapping  or  rolling  a sail  close 
op  to  the  yard, stay,  or  mast,  to  which  it  belongs,  and  winding 
a gasket  or  cord  about  it,  to  fasten  it  thereto.  Furling  in  a 
Jlodu,  is  a particular  method  of  rolling  up  a topsail,  only  prac- 
tised in  harbour,  and  is  performed  by  gathering  all  the  loose 
part  of  the  sail  into  the  top  about  the  heel  of  the  top-mast, 
whereby  the  yard  having  as  little  rolled  on  it  as  possible, 
appears  much  thinner  and  lighter  than  when  the  sail  is  furled 
in  the  usual  manner,  which  is  sometimes  termed,  for  distinction 
sake,  faritng  in  the  boot.  Furling  Line , denotes  a cord  employed 
in  this  operation.  Furtinr  Lines  are  generally  flat,  and  are 
known  hy  the  name  of  gaskets. 

FURLONG,  a long  measure,  equal  to  one-eighth  of  a mile,  or 
forty  poles.  It  is  also  used  in  some  law  books,  for  the  eighth 
part  of  an  acre. 

FURNACE,  is  a vessel  or  building  for  the  purpose  of  con- 
taining combustible  and  fusible  matters,  whether  of  coal,  or 
wood,  or  metal,  and  so  constructed,  that  great  beat  may  be 
produced  and  concentrated.  Furnaces  are  as  various  as  the 
purposes  to  which  they  are  applied;  but  the  requisites  of  a 
good  furnace  are,  I.  To  be  able  to  concentrate  tnc  heat,  and 
direct  it  as  much  as  possible  to  the  substances  to  be  acted 
upon.  2.  To  prevent  the  dissipation  of  the  heat  after  it  is 
produced.  3.  To  obtain  the  greatest  quantity  of  heat  from  the 
smallest  quantity  of  fuel : and  4.  To  be  able  to  regulate  at 
pleasure  the  necessary  degree  of  heat,  and  have  it  wholly  at  the 
artist's  management  As  far  ns  furnaces  were  necessarily 
connected  with  the  word  Ckemistty,  we  noticed  them  under 
that  article:  wo  shall  in  this,  though  it  be  iu  fact  but  a more 
extensive  application  of  chemistry,  describe  some  particular 
furnaces.  We  premise,  however,  that  under  the  word  Bel- 
lows, we  have  shewn  how  a continued  blast  may  be  kept  up  iu 
any  forge  or  furnace. 
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Furnace  for  Consuming  its  Fig,  1. 

«i ci*  Smoke. — Fig.  I represents  4 

a vertical  section,  and  fig.  2 a '*■ ■ l j j|  ! la 

front  view  of  a steam  boiler,  I l|  :|f  ok  f 

furnished  with  a smoke  coa-  1 iji  l-  ( 

turning  furnace,  and  the  same  ’ I 1 !!!  ftn!  ||j!*jiij 

letters  refer  in  both  to  the 

same  parts  of  the  construction.  u M :|  j!  jljtjig  fir';1')! 

The  opening  A,  through  W 

which  the  fuel  is  introduced  B ij  I]  W { !fuj§  ii'.'V 

into  the  furnace,  is  shaped  a 1 , jhj|ljj| 

somewhat  like  a hopper,  and  jjiijj'j 

is  made  of  cast  iron,  built  into  ( u ' ' : nSBi 
the  brick  work  II,  II.  From  : ||p|| 
the  mouth  it  inclines  down- 

ward  to  the  place  where  the  ‘ ,-■*»— w . ai*w 

fire  rests  at  the  bottom  of  the  2. 

grate  II.  The  coals  in  this  millUtniin 

hopper  answer  the  purpose  of  ^yslflljf!  | |W|  pfijj||. 
a door,  and  those  that  are  I j l P-  jl|i  lllHh, 

lower  are  brought  into  a state  ,il|!m  ;■  1 m -l!  fill  {IIlJli 
of  ignition  before  they  are  !!  !'  !,!:  ' j j|||i 

forced  into  the  furnace.  A -n 

shutter  of  thin  plate-iron  is  r 3rt‘r*^.:t [: .i  - ..1‘U^tE2 

sometimes  laid  over  the  hop-  (-3Tr.]rxrj. ' "•  -lr_r5 

per,  to  prevent  the  entrance  . i HD  V : i~^ 
of  air  by  that  passage.  He-  '•  j 1 ; • ; " r* 

low  the  lower  plate  of  the  t£.irc.  ^ 

hopper  K,  e the  furnace  is  [- l-.|jjg|  auay  jW 
provided  with  a grated  door  C X h3S$¥*1bh1  Wm".-"  r?“t 
O,  kept  in  its  position  by  the  STpry.  g ^ *r 

catch  L.  which  not  only  serves 

to  admit  air  to  the  fuel,  but  allows  the  workmen  to  push  back 
the  fuel  from  time  to  time,  from  e to  d.  to  make  room  for  fresh 
quantities  to  fall  into  the  furnace  from  the  hopper.  The  refuse 
of  the  fuel  is  cleared  out  by  opening  the  grated  door.  The 
smoke  passes  from  the  raw  coals  over  those  burning,  by  the 
breast  b , before  it  can  reach  the  flue  F F F.  In  this  way  it  is 
burned,  and  but  a small  quantity  escapes  up  the  chimney. 


PP 

ir'W* 
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However,  by  a simple  contrivance  of  a cast-iron  plate  a n, 
above  the  fuel,  a space  is  left  between  it  and  the  hopper,  for 
the  admission  of  fresh  air,  a thin  stream  of  which  rushing 
down  the  opening,  comes  in  contact  with  the  smoke  given  out  by 
the  freshest  coal,  and  mixing  with  it  in  its  passage  over  the  fuel 
in  a high  state  of  combustion,  enables  it  to  caflame  it  so  com- 
pletely , that  not  a particle  of  smoke  ever  escapes  undccomposed. 

Blott  Furnace  for  Smelting  Iron,  with  part  of  the  Blowing 
Machine.  A is  the  regulating  cylinder,  8 feet  diameter,  and 
8 feet  high.  B,  the  floating  piston,  loaded  with  weights  pro- 
portionate to  the  power  of  the  machine.  C,  the  valve  by  which 
the  air  is  pressed  from  the  pumping  cylinder  into  the  regula- 
tor: its  length  28  inches,  and  breadth  11  inches.  D,  the  aper- 
ture by  which  the  blast  is  forced  into  the  furnace.  Diameter 
of  this  range  of  pipes,  18  inches:  the  wider  the  better,  as  occa- 
sioning less  friction,  and  adurding  a more  powerful  column  of 
air.  E is  the  blowing  or  pumping  cylinder,  0 feet  diameter, 
Ofcet  high  : journey  of  the  piston  in  this  cylinder,  from  5 to  7 
feet  per  stroke.  F is  the  blowing  piston,  and  a view  of  one  of 
tbe  valves,  of  which  there  are  sometimes  two,  sometimes  four, 
distributed  over  the  surface  of  the  piston.  G,  a pile  of  solid 
stone  building,  on  which  the  regulating  cy  linder  rests,  and  to 
which  the  flanch  and  tilt  of  the  blowing  cy  linder  arc  attached. 


II,  the  safety  valve,  or  cock ; by  the  simple  turning  of  which 
the  blast  may  be  admitted  to  or  shut  off  from  the  furnace,  and 
passed  off  to  a collateral  tube  on  the  opposite  side.  I,  the 
tuyere,  by  which  the  blast  enters  the  furnace,  The  end  of  the 
tapered  pipe,  which  approaches  the  tuyere,  receives  small 
pipes  of  various  diameters,  from  2 to  3 inches,  called  norc pipes, 
which  arc  applied  at  pleasure,  and  as  the  strength  and  velo- 
city of  the  blast  may  require.  K,  the  bottom  of  the  hearth, 
2 feet  square.  L,  tbe  fop  of  tbe  hearth,  2J  feet  square.  K L, 
the  height  of  the  hearth,  61  feet.  L is  also  the  bottom  of  the 
bushes,  which  terminate  of  the  same  size  as  the  top  of  the 
hearth,  only  the  former  are  round  and  the  latter  square.  M, 
tbe  top  of  the  boshes,  12  feet  diameter,  and  8 feet  perpendicu- 
lar. N,  the  top  of  tbe  furnace,  at  which  the  materials  are 


charged,  commonly  3 feet  diameter.  N N,  the  internal  cavifyr 
of  the  furnace  from  the  top  of  the  bushes,  30  feet  high.  N R, 
total  height  of  the  internal  parts  of  the  furnace,  441  feet.  O O, 
the  lining  of  fire-bricks,  13  inches  long,  and  3 inches  thick. 


imHwi  rEiSfi  is  pwni 

P F,  a space  all  round,  three  inohex  broad,  filled  with  coke 
dust,  to  allow  tor  expansions  and  contractions  of  tbe  inner 
brick  lining.  Q Q,  the  second  lining,  similar  to  the  first.  R, 
a cast-iron  lintel,  on  which  the  bottom  of  the  arch  is  supported. 
RS,  the  rise  of  the  arch.  S T,  the  height  of  the  arch  on  the 
outside,  14  feet,  and  18  feet  wide.  V V,  the  extremes  of  the 
hearth,  10  feet  square.  This  aud  the  bush  stones  are  usually 
made  from  a coaise. grained  freestone,  whose  fracture  presents 
large  rounded  grains  of  quartz,  connected  by  means  of  cement 
less  pure.  Fig.  I represents  the  foundation  of  the 

furnace,  and  a full  view  of  the  manner  in 


-y  <*/*• which  the  false  bottom  is  constructed. 

V Jj  A A,  in  the  upper  figure,  the  bottom  stone 
* 4 i A my  $ °f  ^e  he«rlb.  B.  in  the  same  figure,  is  a 
• f*  - : & u^.  * stratum  of  bedding  sand.  C C,  pas- 
>■?  ’ A },</>  yA  4 sages  by  which  the  vapours,  which  may  be 
. y generated  from  the  damps,  are  passed 
m ! .y  I off.  D,  I),  pillars  of  brick.  The  letters 
iiinirniiiiirimn^  ii^  *n  t*,e  horizontal  view  of  the  same  figure, 
correspond  to  similar  letters  lo  the  dot- 
Fig.  2.  tod  elevation. 

B-'—*— *-  Fig.  2,  A A,  horizontal  section  of  tbe 

diameter  of  the  bushes,  the  lining  and 
vacancy  for  stuffing  at  M.  C,  is  a view 
V of  the  top  of  the  hearth  at  L. 

^ Fig.  3.  A vertical  side  section  of  the 
I bushes  and  hearth,  shewing  the  tymp 
‘ and  dam  stones,  and  tbe  tymp  and  dam 
plates,  a,  the  tymp  stone,  b,  tlic  tymp 
plate,  which  is  wedged  firmly  in  the 
7*"  ’ alone,  to  keep  it  firm  in  case  of  splitting 

3-  by  the  great  heat.  C.  the  d»m  stone, 

— . which  occupies  the  whole  hrendth  of  the 

A bottom  of  the  hearth,  excepting  about 

6 inches,  which,  when  the  furnace  is  at 
fj' \ work,  is  filled  every  cast  wiih  s'rong 
• sand.  This  stone  is  surrounded  by  an 
- — /-■ -i  iron  plate  of  considerable  thickness,  and 
of  a peculiar  shape,  d,  and  from  thin 
Kpg|ip:  called  the  dam  plate.  The  top  of  the 

) dam  stone  and  plate  is  two,  three,  or 

p four  inches  under  the  level  of  the  tuyere 

hole.  The  space  betwixt  the  bottom  of 
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tii c tymp  and  the  dotted  line  is  rammed  full  of  strong  sand,  1 
and  sometimes  fine  clay.  This  is  called  the  tymp  stopping, 
and  prevents  any  part  of  the  blast  from  being  unnecessarily 
expended. 

The  furnace  being  finished,  the  bottom  and  sides  of  it,  for 
two  feet  up  the  square  funnel,  receive  a lining  of  common  brick 
upon  edge,  to  prevent  the  stones  from  shivering  or  mouldering, 
when  the  fire  comes  in  contact  with  it.  On  the  front  of  the 
furnace  is  erected  a temporary  fire-place,  about  4 feet  long, 
into  the  bottom  of  which  are  laid  corresponding  bars.  The 
side  walls  are  made  so  high  as  to  reach  the  under  surface  of 
the  upper  tymp  stone  ; excepting  a small  space,  which  after- 
wards receives  an  iron  plate  11  inch  thick,  by  way  of  cover. 
This  also  prevents  the  tymp  stone  from  Injury  by  the  (lame.  A 
fire  is  now  lighted,  and  fed  with  small  coals,  and  as  the  whole 
cavity  of  the  furnace  serves  as  a chimney  for  this  fire,  the 
draught  is  consequently  violent,  and  the  volume  of  beat  car- 
ried up  is  very  considerable.  In  the  course  of  three  weeks, 
the  furnace  will  be  sufficiently  dried  for  the  reception  of  the 
iron  materials.  By  the  introduction  of  a few  baskets  of  loose 
fuel  and  coke,  upon  the  bottom  of  the  furnace,  then  more,  and 
so  on,  as  it  ignites,  the  furnace  is  filled,  or  |ths  filled.  The 
furnace  before  us  will  contain  900  baskets  of  coke,  each  110  lbs. 
or  99,000 lbs.  of  coke  in  all;  and  every  third  day  this  is 
renewed,  when  the  furnace  is  fully  worked.  The  operation  of 
the  furnace  is  kept  up  by  specific  quantities  of  coke,  iron- 
stone, and  blast-cinders,  being  added.  The  descent  of  tbe 
charge  is  facilitated  by  opening  the  furnace  below  two  or  three 
times  a day,  throwing  out  the  cold  cinders,  and  admitting  for 
an  hoar  or  two  a fresh  body  of  dir,  w hen  the  iron-stone  begins 
to  fuse,  and  drop  like  lava  through  the  iron  bars.  The  filling 
above  is  regularly  continued  till  the  furnace  acquires  a good 
beat  above,  and  then  the  blast  is  introduced  as  follows  : 

The  dam  stone  is  laid  in  its  place,  firmly  imbedded  in  fine 
clay ; the  dam  plate  is  again  imbedded  on  this  with  the  same 
cement,  and  is  subject  to  the  same  inclination.  A channel  is 
made  for  tbe  scoria,  down  which  it  flows  in  large  quantities. 
The  tuyere  hole  is  now  opened,  and  lined  with  a mixture  of  fine 
clay  and  loam, — the  blast  is  introduced,'  at  first  with  a small 
discharging  pipe,  which  is  afterwards  increased,  and  in  a few 
hours  a quantity  of  lava  will  be  accumulated.  By  various 
minor  operations,  the  metal  is  finally  conducted  into  moulds,  or 
sows,  and  when  detached  from  these,  is  termed  pig  iron.  Jn 
six  days  after  the  commencement  of  blowing,  the  furnace  ought 
to  have  worked  itself  clear. 

Iron  is  a well-known  metal,  of  a livid  grayish  colour,  hard 
and  elastic,  and  capable  of  receiving  a high  polish.  Its  weight 
is  nearly  eight  times  as  great  as  that  of  water.  It  is  seldom  found 
in  a native  state,  bat  occurs  abundantly  in  almost  every  coun- 
try of  the  world  in  n state  of  oxyde,  and  mineralized  with  sul- 
phuric. carbonic,  and  other  acids.  It  is  found  in  plants,  in 
several  kinds  of  coloured  stones,  and  even  in  tbe  blood  of 
animals.  After  iron  oro  has  been  dug  out  of  the  earth  it  is 
broken  into  small  pieces  by  machinery,  then  washed,  to  detach 
the  grosser  particles  of  earth  which  adhere  to  it ; then  thrown 
into  a furnace,  as  described  above,  mixed  with  a certain  por- 
tion of  limestone  and  charcoal,  for  the  purpose  of  being  melted. 
Near  the  bottom  of  each  furnace  there  is  a tap-hole,  through 
which  the  liquid  metal  is  discharged  into  the  furrows  of  a sand 
bed.  The  larger  mass,  or  that  which  flows  into  the  main  furrow, 
is  called  a *010;  the  smaller  ones  are  denominated  pigs  of  iron ; 
and  the  general  name  of  the  metal  in  this  state  is  cast  iron. 

Cast  iron  is  distinguishable  by  its  properties  of  being,  in 
general,  so  hard  as  to  resist  both  the  hammer  and  the  file, 
being  extremely  brittle,  and  for  the  must  part  of  a dark  gray 
or  blackish  colour.  A great  number  of  useful  and  important 
articles  are  formed  of  cast  iron,  such  as  stoves,  grates,  chimney 
backs,  pots,  boilers,  pipes,  cannon  shot,  &c.  These  arc  made 
by  casting  ladles  full  of  the  rough  inetai  into  moulds  shaped 
for  the  purpose,  in  sifted  sand. 

Wrought  iron.  The  process  of  converting  cast  iron  into 
wrought  or  malleable  iron,  is  called  blooming.  The  cast  iron  is 
put  into  a furnace,  and  melted  by  the  flame  of  combustibles, 
which  is  made  to  play  upon  its  surface,  a workman  constantly 
stirring  it,  until,  notwithstanding  the  continuance  of  the  heal, 
it  gradually  acquires  consistency  and  congeals.  Jt  is  then 


taken  out  while  hot,  and  violently  beaten  with  a large  hammer 
worked  by  machinery.  Sec  Foacr.  Hammer.  In  this  state  it  is 
formed  into  bars  for  sale.  By  means  of  this  metal  the  earth 
has  been  cultivated.  Without  it,  houses,  cities,  and  ships 
could  not  have  been  built;  and  few  arts  could  have  been  prac- 
tised. It  forms  also  the  maehinety  by  which  the  most  useful 
and  important  mechanical  powets  arc  generated  and  applied. 

Steel  is  usually  made  by  a process  called  cementation.  This 
process  consists  in  keeping  bars  of  iron  in  contact  with  pow- 
dered charcoal,  during  a state  of  ignition  for  several  hours  in 
earthen  troughs,  or  crucibles,  the  mouths  of  which  are  closed 
np  with  clay.  Steel,  if  heated  to  redness,  and  suffered  to 
cool  slowly,  becomes  soft ; but  if  it  be  plunged  w hilst  hot  into 
cold  water,  it  acquires  extreme  hardness.  And  by  heating 
steel  to  different  degrees,  it  receives  different  degrees  of  tem- 
per, from  thnt  which  renders  it  proper  for  files,  to  that  which 
fits  it  for  tbe  manufacture  of  watch-springs.  All  kinds  of  edge 
tools,  where  excellence  Is  required,  are  made  of  steel ; and  a 
steel  instrument  may  be  known  from  an  iron  one,  by  letting 
fall  upon  it  a drop  of  aqua-fortis  ; if  it  he  steel,  this  will  occa- 
sion r black  spot,  but  if  it  be  iron,  it  will  not  have  this  effect 

FURNITURE,  in  Dialling,  certain  additional  points  and 
lines  drawn  on  a dial,  by  way  of  ornament  rather  than  utility, 
such  as  the  signs  of  the  zodiac,  length  of  the  days,  parallels  of 
declination,  azimuths,  points  of  ihc  compass,  meridians  of 
chief  cities,  Babylonic,  Jewish,  01  Italian  towns. 

FUSE,  of  a Bomb  or  Grenadu,  is  that  which  makes  the 
whole  powder  or  composition  in  the  shell  take  fire.  Fuses  arc 
chiefly  made  of  dry  beech-wood  or  hornbeam.  The  composi- 
tion of  fuses  is  saltpetre  3,  sulphur  1 and  mealed  powder  3, 
4,  or  five  parts. 

FUSEE,  in  Clock  Woik,  is  lhat  part  drawn  by  the  spring, 
and  about  which  tbe  chain  or  string  is  wound. 

FUSIBILITY,  that  quality  of  metals  whirli  renders  them 
liquid  ; or  peihaps.  we  may  define  fusibility  to  he  the  property 
in  metals,  which,  when  a strung  heal  is  applied  to  them,  per 
mils  the  atoms  of  which  they  are  composed,  to  disengage 
themselves,  and  become  soluble  or  fluid.  Gold  is  more  fusible 
than  iron  or  copper; — or,  the  atoms,  of  which  it  is  composed 
have  a readier  affinity  to  heat  than  iron  or  copper,  and  do 
thereby  separate  into  an  infinity  of  particles  sooner  than  iron 
or  copper.  But  silver,  tin,  and  lead,  arc  dissolved  sooaer 
than  gold,  which  shews  that  the  atoms  of  these  metals  have  a 
greater  affinity  to  the  heat  applied  to  them  than  gold.  Ilorax 
and  some  other  substances  are  frequently  mixed  with  metals 
to  render  them  more  fusible,  which  shews  either  that  the  borax 
augments  tbe  heal,  or  that  a particular  affinity  lakes  place 
between  tbe  metal  and  borax,  in  the  affection  of  both  to  become 
liquid,  l»y  their  attraction  or  cohesion. 

FUSILEERS,  in  the  British  service,  are  soldiers  armed  like 
the  rest  of  the  infantry,  with  this  difference,  that  their  muskets 
are  shorter  and  lighter  than  those  of  the  battalion  and  tbe 
grenadiers. 

FUSION,  the  acLion  of  fire,  or  rather  of  caloric,  on  solid 
bodies,  by  which  they  are  made  to  pass  into  the  state  of  fluidity, 
and  a body  rendered  liqnid  by  fire  is  said  to  be  io  fusion,  that 
is,  to  (low  or  melt.  Some  bodies  cannot  be  rendered  fluid  by 
any  heat.  These  are  called  infusible,  or  fire-proof.  Several  of 
them  may,  however,  be  fused  by  adding  other  bodies,  which  are 
called  fluxes.  See  Fluxes- 

FUST,  or  Faust,  John,  a goldsmith  of  Meots,  and  one  of 
the  three  artists  who  invented  tbe  art  of  printing.  Cutiemberg 
invented  wooden  blucks,  which  resembled  (he  stereotype  plates 
of  the  present  day.  Schafer,  tbe  son-in-law  of  Fust,  invented 
punches  and  matrices,  by  means  of  which  this  noble  art  was 
carried  to  perfection  at  once  : and  Fast  supplied  money  to 
carry  on  the  business.  Fust  visited  Paris  in  1466,  to  sell  a 
second  edition  of  his  Bible,  and  died  of  the  plague,  which 
carried  off  40.000  souls  in  the  months  of  August  and  September 
alone.  Tbe  monks,  whom  printing  deprived  of  emoluments 
arising  from  the  copying  of  manuscripts,  afterwards  invented 
the  romance  of  Faustus,  tbe  magician,  and  his  selling  himself 
to  1 be  devil  for  24  years,  just  as  JohnTzetces,  the  monk,  in  his 
Chiliads  of  tbe  Twelfth  Century,  palmed  upon  the  world  the 
romantic  tale  of  Belisarius.  Now  Belisarius  did  not  lose  bis 
sight,  nor  was  he  ever  reduced  to  beggary,  though,  from  a cou- 
4 T 
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spiracy  formed  against  the  veteran  genera],  he  was  accused  to 
Justinian  as  n rebel : his  life  aat  spared,  but  his  fortunes 
were  sequestered,  and  from  June  to  December  he  was  guarded 
as  a culprit  in  his  own  palace.  Hut  at  length  his  innocence 
was  acknowledged,  his  freedom  nnd  honours  restored,  and 
eight  months  afterwards  lie  died  in  bis  own  palace. 

FUSTI  AN,  a cloth  made  of  cotton  yarn,  both  woof  and  warp, 
though  many  cloths  of  this  name  are  made,  of  which  the  warp 
is  flax,  or  even  hemp. 

FUSTIC.  Ytilo to  Wood.  This  wood,  the  morns  tinotoria,  is  j 
a native  of  the  West  ludies.  It  affords  much  colouring  matter, 
which  is  very  permanent.  The  yellow  given  by  fustic  without 
any  mordant  is  dull,  and  brownish,  but  stands  well.  The  mor- 
dants which  arc  employed  with  weld,  act  on  it  in  a similar 


manner,  and  by  their  menus  the  colour  is  rendered  more 
bright  and  fixed.  As  it  abounds  more  with  colouring  matter 
than  weld,  a leas  quantity  will  suffice.  The  yellow  of  fustic 
inclines  more  to  orange  than  that  of  weld. 

FUTTOCKS,  the  middle  division  of  a ship’s  timbers,  or  those 
arts  which  are  situated  between  the  floor  and  the  top  timbers, 
hose  next  the  keel  arc  called  ground  futtoeks,  and  the  rest 
upper  futtoeks. 

Fl  ttock  Shroud*,  or  Foot  Hook  Shrouds . The  epithet  kook 
is  frequently  applied  in  common  language  to  any  thing  bent  or 
incarvatcd.  nod  particularly  to  several  crooked  timbers  in  a 
ship,  as  the  breast-hooks,  fore-hooks,  after-hooks,  kc.  This 
term  is  evidently  derived  from  the  lowest  part  or  foot  of  the 
timber,  and  from  the  shape  of  the  piece. 


G. 
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G,thc  seventh  letter  of  our  Alphabet;  as  a numeral  it  was  i 
used  by  the  ancients  to  denote  4tK>,  nnd  with  a tine  over  it, 
40,000.  In  Music,  it  is  the  mark  of  the  treble  clef;  and  from 
its  being  placed  at  the  head,  or  marking  the  first  sound  in 
Guido’s  scale,  the  whole  scale  took  the  name  of  Gamut. 

GABEL,  a word  in  old  records,  signifying  a tax, rent,  custom, 
or  service,  paid  to  the  king  or  lord. 

GABIONS,  in  Fortification,  baskets  made  of  osier-twigs, 
which,  being  tilled  with  earth,  serve  as  a shelter  from  the 
enemy’s  fire. 

GABLE,  in  Architecture,  the  upright  triangular  end  of  a 
house,  from  the  caves  to  the  chimney  top. 

GAD,  among  Miners,  a punch  of  iron,  with  a wooden  handle, 
used  to  break  up  the  ore. 

GAD  Fly.  or  Breeze  Fly,  names  given  to  the  black  and 
yeJIow-bodicd  oestrus,  a fly  nearly  as  large  as  the  common  blue 
flesh  fly. 

6AD0LTNITE,  a mineral  found  in  Sweden,  and  called  after 
Gadolin,  who  first  ascertained  its  composition.  The  colour,  a 
black  or  brown.  It  is  brittle,  and  the  specific  gravity  is  4*04t>7. 
With  borax  it  melts  into  a topax-yellow  glass. 

GADUS,  the  Cod , a genus  of  fishes  belonging  to  the  order  of 
jugulares,  of  which  there  are  seventeen  species  The  general 
rendezvous  of  the  codfish  is  on  the  banks  of  Newfoundland, 
and  the  coasts  of  Cape  Breton,  Nova  Scotia,  and  New  England. 
The  cod  grows  to  a very  large  si*c  : Mr.  Pennant  mentions  a 
specimen  which  weighed  ?8lbs.  and  measured  .Aft.  Bin.  in  length, 
nnd  6ft.  in  girth  round  the  shoulders  ; but  the  general  weight 
is  from  14  to  40  lbs. 

The  food  of  the  cod  is  small  fish,  worms,  testaceous  or  crus- 
taccoos  animals,  such  as  crabs,  &c.  and  its  digestion  is  so 
powerful  as  to  dissolve  the  greatest  part  of  the  shells  it  swallows. 
The  fishermen  are  well  acquainted  with  the  use  of  the  air  blad- 
der  or  sound  of  this  fish,  and  dexterously  perforate  the  living 
fish  with  a needle  to  Irt  out  the  air  contained.  The  sounds, 
when  salted,  arc  reckoned  a delicacy.  A species  of  isinglass  is 
also  prepared  from  this  part  of  the  fish  by  the  natives  of  Iceland. 
The  haddock,  whiting,  dorse,  coal  fish,  ling,  and  turbot,  arc  spe- 
cies of  the  cod. 

GAFF,  a sort  of  boom,  used  in  small  ships,  to  extend  the 
upper  edge  of  the  mizxen,  and  employed  for  the  same  purpose 
oo  those  sails  whose  foremost  edges  arc  joined  to  the  masts  by 
hoops  or  lacings,  and  which  are  usually  extended  by  a boom 
below  ; such  are  the  main-sails  of  sloops,  brigs,  and  schooners. 
The  foremost  cud  of  the  gaff  is  furnished  w ith  two  checks  forming 
a semicircle,  which  encloso  the  after  part  of  the  mast,  and  is 
secured  in  this  position  by  a rnpc  passing  from  one  of  the 
cheeks  to  the  other  on  the  fore  side  of  the  mast,  on  which  are 
strung  several  small  wooden  halls,  called  trucks,  to  lessen  the 
friction  of  the  rope  on  the  mast  when  the  sail  is  hoisting  or 
lowering.  It  is  further  secured  in  this  situation  by  a rope 
passing  from  one  of  the  cheeks  to  the  other  ou  the  fore  side  of 
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the  mast,  and  to  prevent  the  friction  of  this  rope  upon  the  mast, 
hy  hoisting  or  lowering,  several  little  wooden  balls,  called 
trucks,  are  hung  upon  it,  in  the  same  manner  ns  heads  are  hung 
upon  the  Indians'  strings  of  wampum. 

GAGE,  is  a term  employed  to  denote  various  instruments 
used  for  measuring  the  state  of  rarefaction  in  the  air-pump, 
variations  in  the  barometer,  &c.  The  Gage  of  the  Air  Pump 
is  of  a variety  of  forms,  as,  the  Barometer  Gage,  the  Syphon 
Gape,  the  Pear  Gage,  tec.. 

Short  Barometer  Gsof.  is  merely  the  lower  part  of  a barome- 
ter, or  a tube  about  eight  or  nine  inchrs  in  length,  filled  with 
mercury,  and  immersed  with  its  aperture  into  a small  quantity 
of  the  same  fluid,  contained  in  a glass  vessel  which  forms  the 
cistern.  This  gage  is  either  placed  under  the  receiver  upon 
the  principal  plate  of*  the  pump,  or  it  is  placed  under  a sepa- 
rate small  receiver  on  an  auxiliary  plate  attached  to  some 
pumps  for  this  purpose.  As  this  gage  is  not  equal  to  a whole 
barometer,  it  will  not  begin  to  shew  the  state  of  rarefaction  till 
aftor  three-fourths  of  the  air  have  been  exhausted,  that  is,  when 
the  elasticity  of  the  remaining  air  is  about  one-fourth  of  that 
of  common  air,  the  barometer  itself  being  hut  about  one-fourth  of 
the  usual  height  of  the  mercury ; but  after  this,  the  farther  de- 
crease of  elasticity  is  exhibited  by  the  sinking  of  the  merenry, 
and  a graduated  scale  attached  to  the  Instrument. 

There  is  another  gage,  called  the  Long  Barometer  Gag  a. 
which  works  in  a similar  manner,  and  indicates  the  state  of 
rarefaction  on  nearly  the  same  principles. 

Syphon  Gagf.  This  differs  from  the  short  barometer  gage, 
only  in  this  ; that  instead  of  terminating  in  a small  cistern,  in 
this  gage  the  tube  is  bent,  and  rises  upwards  with  its  apetture, 
which  by  means  of  a brass  tube  is  made  to  communicate  with 
the  inside  of  the  pump,  so  that  the  ascending  leg  of  the  tube 
performs  the  office  of  a cistern. 

Pear  Gagf.  This  It  the  invention  of  Mr.  Smraton.  and  is 
thus  denominated  front  its  form,  which  resembles  that  of  a pear. 
This  gage  docs  not  indicate  the  rate  of  rarefaction  as  it  pro- 
ceeds, but  shews  the  ultimate  state  to  which  it  was  carried 
after  the  re. admission  of  the  air.  The  gage  is  suspended  in 
the  receiver,  and  exhausted  to  the  same  degree  ; but  when  this 
is  carried  on  ns  far  as  is  intended,  the  open  orifice  of  the  gngo 
is  let  down  into  a vessel  of  mercury,  which,  upon  the  rc-nri mis- 
sion of  the  air,  is  forced  into  the  pear,  and  thus  the  ultimate 
state  of  rarefaction  is  determined. 

Gage  of  the  Barometer,  is  a contrivance  for  estimating  the 
exact  degree  of  the  rise  or  fall  of  the  mercury  in  the  barometrical 
. tube.  It  is  obvious,  that  when  the  mercury  sinks  in  the  tube  it 
rises  in  the  cistern,  and  vice  versa;  and  as  the  distance  between 
the  divisions  graduated  on  the  annexed  scale,  and  the  surface 
of  the  mercury  in  the  cistern,  is  not  truly  shewn  by  the  num- 
bers on  the  scale,  errors  mast  happen  in  determining  the  exact 
height  of  the  mercury.  To  remedy  this  inconvenience,  a lino 
is  cut  upon  a rouud  piece  of  ivory,  which  is  fixed  near  the 
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cittern;  this  lino  is  accurately  placed  at  a given  distance  from 
the  scale,  as  for  instance,  twenty-seven  inches;  and  a small 
float  of  cork,  with  a cylindric  piece  of  ivory  fixed  to  its  upper 
surface,  (on  which  a lino  must  be  cut  at  a distance  of  two 
inches,  exactly  from  the  under  surface  of  the  cork,)  is  left 
to  play  freely  on  the  quicksilver,  and  tho  cylinder  works  in  a 
groove  made  in  the  other  piece;  from  this  construction  it  ap- 
pears, that  if  these  marks  arc  made  to  coincide,  by  raising  er 
lowering  the  screw  which  acts  on  the  quicksilver,  than  the 
divisions  on  the  scale  will  express  tho  true  measure  of  the  dis- 


tance from  the  surface. 

Gage  of  the  Condenser,  is  a glass  lobe  of  a particular  con- 
struction, adapted  to  the  condensing  engine,  and  designed  to 
shew  the  exact  density  and  quantity  of  the  air  contained  at  any 
time  in  the  condenser. 

Sea  Gage,  is  an  instrument  invented  by  Dr.  Hales  and  Dr. 
Desaguliers,  for  finding  the  depth  of  the  sea,  the  description 
of  which  is  this.  A B,  in  the  annexed  figure,  is  the  gage-bottle, 
in  which  is  cemented  tho 
gage-tube  E f,  in  the  brass 
cap  at  G.  The  upper  end  of 
the  lube  E,  is  hermetically 
sealed,  and  the  open  lower 
end  fy  is  immersed  in  mer- 
cury, marked  C,  on  which 
swims  a small  quantity  of 
treacle.  On  the  top  of  tho 
bottle  is  screwed  a tube  of 
brass  H G,  pierced  with  seve- 
ral boles,  to  admit  tfao  water 
into  the  bottle  A B.  The 
body  K,  is  a weight  hang- 
ing by  its  shank  L,in  a socket 
N,  with  a notch  on  one  side 
at  m,  in  which  is  fixed  the 
catch  l of  the  spring  t,  and 
passing  through  the  hole  L, 
in  the  shank  of  the  weight  K, 
prevents  its  falling  out  when 
once  bung  on.  On  the  top, 
in  the  upper  part  of  the  brass 

tube  at  H,  is  fixed  a large  empty  ball,  or  full-blown  bladder  I, 
which  must  not  be  so  large,  but  that  the  weight  K may  be  able 
to  sink  the  wholo  under  water.  The  instrument  thus  construct- 


ed, is  used  in  the  following  manner -The  weight  K being 
hung  on,  the  gage  is  let  fall  into  deep  water,  and  sinks  to 
the  bottom;  the  socket  N is  somewhat  longer  than  the  shank 
L,  and  therefore,  after  the  weight  K comes  to  the  bottom,  the 
gage  will  continue  to  descend,  till  the  lower  part  of  the  socket 
atnkes  against  the  weight  ; this  gives  liberty  to  the  catch  to  fly 
off  the  hole,  whereby  the  weight  K is  disengaged  ; when  this  is 
done,  the  ball  or  bladder,  I,  instantly  buoys  up  the  gage  to  the 
top  of  the  water.  While  the  gage  is  below,  the  water,  having 
free  access  to  the  treacle  and  mercury  in  the  bottle,  will  by  its 
pressure  force  it  up  into  the  tube  ; and  E /,  the  height  to  which 
it  has  been  forced  by  the  greatest  pressure,  vis.  that  at  the 
bottom,  will  be  shewn  by  the  mark  in  the  tube  which  the 
treacle  leaves  behind  it,  and  which  is  its  only  use.  This  shews 
into  what  space  the  whole  air  in  the  tube  E/ is  compressed, 
and  consequently  the  height  or  depth  of  the  water,  which  by 
its  weight  produced  that  compression,  which  is  the  thing 
required. 

if  the  gage  tube  E f were  of  glass,  a scale  might  be  draw  n 
on  it  w ith  the  point  of  a diamond,  shewing  by  inspection  what 
height  the  water  stands  above  the  bottom.  But  the  length  of 
10  inches  is  not  sufficient  for  fathoming  depths  at  sea,  because, 
when  all  the  air  in  such  a length  of  tnbe  is  compressed  into 
half  an  inch,  the  depth  of  water  is  not  more  than  631  feet, 
which  is  not  balf-a-quartcr  of  a mile. 

If  to  remedy  this,  we  make  use  of  a tube  60  inches  long, 
which  for  strength  may  he  a musket-barrel,  and  suppose  the 
air  compressed  into  an  hundredth  part  of  an  inch;  then  by 
saying,  as  l : 90  : : 400  : 30000  inches,  or  3300  feet;  even  this  is 
bnt  littlo  more  than  half  a mile,  or  2640.  But  since  it  is 
reasonable  to  suppose  the  cavities  of  the  aca  bear  some 
proportion  to  the  mountainous  purls  of  the  land,  some  of  w hich 


are  more  than  three  miles  above  the  earth's  surface  ; therefore, 
to  explore  such  great  depths.  Dr.  Hale  contrived  a new  form  for 
his  sea  gage,  or  rather  fur  the  gage-tube  in  it,  which  is  as  fol- 
lows:— BC  D F,  is  a hollow  metallic  globe,  cominuuicating  on 
the  top  with  a long  tube  A B,  whose  capacity  is  a ninth  part  of 
that  globe.  On  the  lower  part  at  I),  it  has  also  a short  tube 
D B,  to  stand  in  the  mercury  and  treacle.  The  air  confajued 
in  the  compound  gage-tube  is  compressed  by  the  water  as 
before;  but  the  degree  of  compression,  or  height  to  which  tho 
treacle  has  been  forced,  cannot  here  be  seen  through  the  tube; 
therefore,  to  answer  that  end.  a slender  rod  of  metal  or  wood, 
with  a knob  on  the  top  of  tire  tube  A B,  will  receive  the  mark 
of  the  treacle,  and  shew  it  when  taken  out. 

If  the  tube  A B be  50  inches  long,  and  of  such  a bore  that 
every  inch  in  length  shall  be  a cubic  inch  of  air,  and  the  con- 
tents of  the  globe  and  lube  together  600  cubic  inches;  then, 
when  the  air  is  compressed  within  an  hundredth  part  of  tho 
whole,  it  is  evident  the  treacle  will  not  approach  nearer  than 
five  inches  of  the  top  of  the  tube,  which  w ill  agree  to  the  depth 
of  3300  feet  of  water  as  above.  Twice  this  depth  will  compress 
the  air  into  nearly  half  that  space,  vis.  2J  inches,  corresponding 
to  6600,  which  is  a mile  and  a quarter.  Again,  half  that  space, 
or  II  inch,  will  shew  double  the  runner  depth,  vis.  13  200  feet, 
or  21  miles,  which  is  probably  very  nearly  the  greatest  depth  of 
the  sea. 

Bucket  Sea  Gage,  is  an  instrument  contrived  by  Dr.  Hales  to 
find  the  different  degrees  of  ooolncss  and  saltness  of  the  sea,  at 
different  depths,  consisting  of  a common  household  pail  or 
bucket  with  two  heads  to  it.  These  heads  have  each  a round 
hole  in  the  middle,  near  four  inches  diameter,  and  covered  with 
valves  opening  upwards,  and  that  they  may  both  open  and 
shut  together,  there  is  a small  iron  rod  fixed  to  the  upper  part 
of  the  lower  valve,  and  at  the  other  end  to  the  under  part  of 
(he  upper  valve ; so  (hat  as  the  bucket  descends  with  its  sink- 
ing weight  into  the  sea,  both  the  valves  open  by  the  force  of 
the  water,  which  by  that  means  has  a free  passage  through  the 
bucket.  But  when  the  bucket  is  drawn  up,  then  both  the 
valves  shut  by  the  force  of  the  water  at  the  upper  part  of  the 
bucket ; whereby  it  is  brought  up  full  of  the  lowest  sea-water 
to  which  it  has  descended. 

When  the  bucket  is  drawn  up,  the  mercurial  thermometer, 
fixed  iu  it,  is  examined;  but  great  care  must  bo  taken  to 
observe  the  degree  at  which  the  mercury  stands,  before  the 
lower  part  of  the  thermometer  is  taken  out  of  the  water,  in  (he 
bucket,  as  it  would  otherwise  be  altered  by  the  different  tem- 
perature of  the  air.  In  order  to  keep  the  bucket  in  a right 
position,  there  are  four  cords  fixed  to  it,  reaching  about  four  feet 
below  it,  to  which  the  sinking  weight  is  attached. 

Tide  Gage.  This  is  an  instrument  used  for  determining  the 
height  of  the  tides,  by  Mr.  Bayley,  in  the  course  of  a voyage 
towards  the  south  pole,  &c.  in  the  Resolution  and  Adventure, 
in  the  years  1772,  1773,  1774,  1775.  This  instrument  consists 
of  a glass  tube,  whose  internal  diameter  was  seven-tenths  of  an 
inch,  lashed  fast  to  a ten-foot  fir  rod,  divided  into  feet,  inches, 
and  parts;  the  rod  being  fastened  to  a strong  post  fixed  firm 
and  upright  in  the  water.  At  the  lower  end  of  the  tube  was  an 
exceedingly  small  aperture,  through  which  the  water  was 
admitted.  In  consequence  of  this  construction,  the  surface  of 
the  water  in  the  tube  was  so  little  affected  by  the  agitation  of 
the  sea,  that  its  height  was  not  altered  the  tenth-part  of  on 
inch,  when  the  swell  of  the  sea  was  two  feel,  and  Mr.  Bayley 
was  certain,  that  with  this  instrument  he  could  discern  a differ- 
ence of  the  tenth  of  an  inch  in  the  height  of  the  tide. 

Wind  Gage,  is  ao  instrument  for  measuring  the  force  of  the 
wind  upon  any  given  surface.  See  Akfmomf.tfr. 

Gage,  among  Letter  Founders,  a piece  of  box, or  other  hard 
wood,  variously  notched;  the  use  of  which  is  to  adjust  tlie 
dimensions,  slopes,  5tc.  of  the  different  sorts  of  letters.  There 
arc  several  kinds  of  these,  as  the  flat-gage,  the  face-gagc,  tho 
italic-gage,  See. 

Gage.  Sliding,  a tool  used  by  Mathematical  Instrument- 
makers,  for  measuring  and  setting  off  distances.  It  is  also  of 
use  in  letter  cutting,  and  making  of  moulds, 

GALANTHUS,  the  Snow  Drop,  a genus  of  the  monogynia 
order,  in  the  lic.xandrta  class  of  plants,  and  in  the  natural 
method  ranking  under  (he  ninth  order,  spalbacex. 
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GALAXY,  Via  La CTC a,  or  Milky  if'Vty,  in  Astronomy.  that  | 
long,  luminous  track  or  zone,  which  encompasses  the  heavens.  , 
forming  nearly  a great  circle  of  the  celestial  sphere.  It  is 
inclined  to  the  plane  of  the  ecliptic  at  about  an  angle  of 
and  cots  it  nearly  at  the  two  solstitial  points.  It  traverses  the 
constellations  Cassiopeia,  Perseus,  Auriga,  Orion,  Gemini, 
Canis  Major,  and  the  Ship,  where  it  appears  most  brilliant  in 
southern  latitudes;  it  then  passes  through  the  feet  of  the  Cen- 
taur, the  Cross,  the  southern  Triangle,  and  returns  towards  the 
north  by  the  Alter,  the  tail  of  the  Scorpion,  and  the  arc  of 
Sagittarius,  where  it  divides  into  two  branches,  passing  through 
Aquila,  Sagitta,  the  Swan,  SerpentaHus,  the  head  of  Cepheus, 
and  returns  into  Cassiopeia. 

Milton  also  speaks  of  it  in  the  following  beautiful,  and  appro- 
priate language : — 

" A broad  and  arnpla  road,  whoaa  dual  ia  gold. 

And  parrmoat  aUrf,  »»  alara  to  tb«a  appear, 

Sees  in  tbe  GaJaay,  that  milky  way, 

Which  nightly,  aa  a circling  tone  thus  aoaat. 

Powdered  with  «tar».'* 

The  ancients  had  many  singular  ideas  as  to  the  cause  of  this 
phenomenon;  but  modern  astronomers  have  long  attributed  it 
to  a great  assemblage  of  stars,  and  Dr.  Herschel  has  confirmed 
these  conjectures,  having  discovered,  in  a space  of  about  15° 
long,  by  2°  broad,  no  less  than  50.000  stars.  This,  however, 
instead  of  satisfying  the  cariosity  of  astronomers,  only  gave 
rise  to  farther  inquiries  and  hypotheses ; amongst  others,  that 
of  Dr.  Herschel's,  which  is  very  interesting;  be  supposes  the 
sidereal  universe  to  bo  distributed  into  nebula:  and  clusters  of 
stars,  and  the  milky  way  to  be  that  particular  cluster  in  which 
our  sun  is  placed.  In  a paper  on  the  construction  of  the 
heavens,  Dr.  Herschel  says,  it  is  very  probable,  that  the  great 
stratum  called  the  milky  wav,  is  that  in  which  the  sun  is  placed, 
though  perhaps  not  the  centre  of  its  thickness,  but  not  far  from 
the  place  where  some  smaller  stratum  branches  from  it.  Such 
a supposition  will  satisfactorily,  and  with  peat  simplicity, 
account  for  all  the  phenomena  of  tbe  milky  way,  which, 
according  to  this  hypothesis,  is  no  other  than  the  appearance 
of  tbe  projection  of  the  stars  contained  in  this  stratum,  and  its 
secondary  branch. 

In  another  paper  on  the  same  subject,  he  says,  14  We  will  now 
retreat  to  onr  own  retired  station  in  one  of  the  planets  attend- 
ing a star  in  the  great  combination  with  numberless  others; 
and  in  order  to  investigate  what  will  be  the  appearances  from 
this  contracted  situation,  let  us  begin  with  the  naked  eye. 
Tbe  stars  of  the  first  magnitude,  being  in  all  probability  the 
nearest,  will  furnish  us  with  a step  to  begin  our  scale ; setting 
off,  therefore,  with  the  distance  of  Sirius  or  Arcturus,  for 
instance,  as  unity,  we  will  at  present  suppose, that  those  of  the 
second  magnitude  are  at  double,  and  those  of  the  third  at  treble 
the  distance,  and  so  forth.  Taking  it  then  for  granted,  that 
a star  of  the  seventh  magnitude  is  about  seven  times  as  far 
from  us  ns  one  of  the  first,  it  follows  that  an  observer,  who  is 
enclosed  in  a globular  cluster  or  stars,  and  not  far  from  tbe 
centre,  will  never  be  able,  with  the  naked  eye.  to  see  the  end  of  j 
it ; for  since,  according  to  the  above  estimations,  he  can  only 
extend  his  view  about  seven  times  the  distance  of  Sirius,  it 
cannot  be  expected  that  his  eyes  should  reach  the  borders  of  a 
cluster,  which  has,  perhaps,  not  less  than  fifty  stars  in  depth 
every  where  around  him.  The  whole  universe,  therefore,  to 
him,  will  he  comprised  in  a set  of  constellations,  richly  orna- 
mented with  scattered  stars  of  all  sizes.  Or  if  the  united 
brightness  of  a neighbouring  cluster  of  stars  should,  in  a 
remarkably  clear  night,  reach  his  right,  it  will  put  ou  the 
appearance  of  a small,  faint,  nebulous  clond,  not  to  he  per- 
ceived without  the  greatest  attention.  Allowing  him  the  use 
of  a common  telescope,  he  begins  to  suspect  that  all  the  milki- 
ness of  the  bright  path  which  surrounds  the  sphere  may  he 
owing  to  stars.  By  increasing  his  power  of  vision,  be  becomes 
certain  that  the  milky  way  is,  indeed,  no  other  than  a collec- 
tion of  very  small  stars,  and  the  nebulae  nothing  but  clusters 
of  stars/' 

Dr.  Herschel  then  solves  a general  problem  for  computing 
the  length  of  the  visual  ray ; that  of  the  telescope  which  he 
uses  will  reach  to  stars  497  times  the  distance  of  Sirius.  Now 


Sinus  cannot  he  nearer  than  100,000  x 190,000,000  miles, 
therefore  Dr.  Herschel’s  telescope  will  at  least  reach  to 
100,000  x 190.000.000  X 497  miles.  And  Dr.  Herschel  says, 
that  in  the  most  crowded  part  of  the  milky  way,  he  has  bad 
fields  of  view  that  contained  no  less  than  588  stars,  and  these 
were  continued  for  many  minutes,  so  that  in  a quarter  of  an 
hour  he  baj  seen  1 16,000  stars  pass  through  the  field  of  view  of 
a telescope  of  only  15'  aperture;  and  at  another  time,  in  41 
minntrs,  lie  saw  258,000  stars  pass  through  the  field  of  his 
telescope.  Every  improvement  in  bis  telescope  has  discovered 
stars  not  seen  before,  so  that  there  appears  no  bounds  to  their 
number,  or  to  the  extent  of  the  universe. 

GALBANUM,  a gum  issuing  from  the  stem  of  an  umbelli- 
ferous plant,  growing  in  Persia,  and  many  parts  of  Afriea. 

GALE,  Electrical.  On  the  6lh  December,  1823,  about 
100  miles  west  of  Drootheim,  a gale  of  wind  lasted  three  days 
without  intermission,  and  afforded  the  following  proofs  of  its 
having  originated  in  a disturbed  state  of  electricity  in  tbe 
atmosphere.  It  was  accompanied  by  frequent  and  vivid 
lightning,  unusual  in  high  latitudes  in  winter;  and  at  the  mast- 
heads and  yard  arms  of  the  Griper,  commanded  by  Captain 
Clavering,  not  fewer  than  eight  balls  of  fire  were  visible  at 
once. 

GALENA,  in  Mineralogy,  the  snlphuret  of  lead,  found  both 
in  masses  and  crystallized.  The  primitive  form  of  its  crystals 
is  a cube.  Its  colour  is  bluish  gray  like  lead,  but  brighter. 
Lustre  metallic.  Texture  foliated.  Fragments  cubical.  Soft 
but  brittle.  Specific  gravity  7*22  to  7*587.  Effervesces  with 
nitric  and  muriatic  acids.  It  is  composed  of  from  15  to  83 
lead,  and  from  0*80  to  *16  of  sulphur.  It  generally  contains 
some  silver,  and  sometimes  also  antimony  and  zinc. 

GALENIC,  or  Galenical,  in  Pharmacy,  a manner  of  treating 
diseases,  founded  on  tbe  principles  of  Galen,  in  opposition  to 
the  chemical  practitioners. 

GALEOP1THECUS,  Collgo.  A genus  of  quadrupeds, 
natives  of  the  Molucca  and  Philippine  islands,  frequenting 
woody  places,  and  feeding  principally  on  fruits.  The  Colugo 
resides  on  trees,  and  in  descending  from  the  top  of  a tree,  it 
spreads  its  membranes,  and  balances  itself  to  the  place  it  aims 
at  in  a gentle  manner;  but  inascending.it  uses  a leaping  pace. 
The  whole  length  of  the  animal  is  about  three  feet ; the  breadth, 
when  expanded,  nearly  the  same;  the  tail  is  slender,  and  about 
a span  long.  The  membrane,  or  expansile  skin,  by  which  it  is 
enabled  to  fly,  is  continued  on  each  side,  from  the  neck  to  the 
fore  feet,  thence  to  the  bind  feet,  and  again  to  the  tail : it  is 
covered  with  fur,  in  the  same  manner  as  the  body.  The  whole 
upper  side  of  the  animal  is  generally  of  a deep  ash  colour,  and 
the  w hole  under  side,  both  of  the  body  and  membrane,  is  yel- 
low. The  head  is  long.  The  cars  are  small,  round,  and 
marked  internally  by  numerous  semicircular  transverse  streaks. 
The  legs  are  clothed  with  a yellow  down : there  are  five  toes 
on  eaoh  foot,  united  by  a membrane,  and  terminating  in  crooked 
claws.  This  animal  is  called  by  the  Indians  caguang.  colugo,  and 
gigua.  It  was  first  described  by  Bontius,  in  the  history  of  Java. 

GALILEO,  Galilei,  a very  celebrated  mathematician  and 
astronomer,  w as  the  son  of  a Florentine  nobleman,  and  bora 
in  the  year  1564.  He  had  from  his  infancy  a strong  inclination 
to  philosophy  and  the  mathematic.',  and  made  prodigious  pro- 
gress in  these  sciences.  In  1592  he  was  chosen  professor  of 
mnthrmnlics  at  Padua,  and  during  his  abode  there  be  is  said 
to  have  invented  the  telescope ; or,  according  to  others, 
improved  that  instrument,  so  as  to  render  it  lit  for  astronomi- 
cal observations.  In  161 1,  Cosmo  II.  Grand  Duke  of  Tuscany, 
sent  for  him  to  Pisa,  where  he  made  him  professor  of  mathema- 
tics, with  a handsome  salary;  and  noon  after,  inciting  him  to 
Florence,  ga^e  him  the  office  and  title  of  principal  philosopher 
nnd  mathematician  to  his  liighness.  In  1612  he  discovered  some 
spots  oo  the  sun's  disc,  which  led  to  the  publication  of  a pam- 
phlet asserting  the  truth  of  the  Coperniean  system  of  astronomy. 
F<»r  this  he  was  cited  before  the  inquisition  at  Rome;  and 
alter  some  months’  imprisonment,  released,  on  a simple  promiso 
that  he  would  renounce  bis  heretical  opinions.  In  1632  he 
I published  his  dialogues  on  the  Ptolemaic  and  Coperniean 
I systems  of  the  world,  for  which  he  was  again  cited  before  the 
Inquisition,  imprisoned,  his  book  burned,  and  condemned  to 
| repeat  once  a week,  for  three  years  to  come,  seven  penitential 
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psalms,  as  a saving  penance  for  his  heresies.  He  lived  ten 

fears  alter  this,  and  died  in  1642,  in  the  78th  year  of  his  age. 

or  the  purpose  of  astronomical  observations,  he  improved  the 
telescope,  first  invented  by  Jansen,  and  was  himself  the  contriver 
of  the  simple  pendulum  ; and  thought  of  applying  it  to  clocks, 
but  did  not  execute  that  design.  He,  together  with  his  pupil 
Torriectli.  discovered  that  air  bad  gravity,  and  endeavoured  to 
compare  it  with  water.  As  a great  promoter  of  the  sciences, 
he  opened  vast  fields  for  the  inquiries  of  others,  and  ably 
assisted  them  by  his  inventions  and  discoveries. 

Galileo  wrote  a number  of  treatises,  many  of  which  were 
published  in  his  lifetime.  Many  of  his  pieces  were,  however, 
lost  at  his  death,  as  some  say,  through  the  superstition  of  one 
of  bis  nephews,  or,  as  others  say,  through  the  artifice  of  his 
wife's  coofessor ; at  all  events,  they  were  destroyed,  in  con- 
sequence of  their  being  supposed  to  contain  doctrines  which 
tbo  Inquisition  declared  to  be  heretical. 

GALL,  in  the  animal  economy,  the  same  with  bile. 

Gall  Bladder,  called  Vesicola,  and  Cystis  Pcllia,  is  usually 
of  the  shape  of  a pear,  or  the  sice  of  a small  hen's  egg.  It  is 
situated  on  the  concave  side  of  the  liver,  and  lies  upon  the  colon, 
part  of  which  it  tinges  with  its  own  colour.  It  is  composed  of 
four  membranes,  or  coats  ; the  common,  the  vesicular,  the  mus- 
cular, and  the  nervous  one,  which  last  is  of  a wrinkled  or 
retieulated  surface  within,  and  furnished  with  an  unctuous 
liquor.  The  use  of  the  gall-bladder  is  to  collect  the  bile,  se- 
creted in  the  liver,  and  mixing  with  its  own  peculiar  produce, 
to  perfect  it  farther,  to  retain  it  a certain  time,  and  then  to 
expel  it. 

Gall,  in  Natural  History,  denotes  any  protuberance  or 
tumour  produced  by  the  puncture  of  insects  on  plants  and  trees 
of  different  kinds.  Galls  are  of  various  forms  and  sices,  and  no 
less  different  with  regard  to  their  internal  structure.  Some 
have  only  one  cavity,  and  others  a number  of  small  cells  com- 
municating with  each  other.  Some  are  as  hard  as  the  wood  of 
the  tree  they  grow  on,  others  are  soft  and  spongy  ; the  first  are 
termed  gall  nuts ; and  the  latter  berry  galls,  or  apple  galls. 
Oak-galls,  pot  into  a solution  of  vitriol  in  water,  give  it  a purple 
colour,  which,  as  it  grows  stronger,  becomes  black,  sod  on 
this  property  depends  the  art  of  making  our  writing  ink  and 
dye*. 

Gall  Stones,  calculous  concretions  frequently  formed  in  the 
bladder,  and  sometimes  occasioning  great  pain  in  their 
passage  through  the  ducts  into  the  duodenum,  before  they  are 
evacuated.  Gall-stones  often  occar  in  tbe  inferior  animals, 
particularly  in  cows  and  hogs ; but  the  biliary  concretions  of 
these  animals  have  not  hitherto  been  examined  with  much 
attention.  Soaps  have  been  proposed  as  solvents  for  these 
calculi.  The  academy  of  Dijon  has  published  the  success  of 
a mixture  of  essence  of  turpentine  and  ether. 

GALLATES,  salts  formed  by  the  gallic  acid  with  alkaline 
earths  or  metallic  bases. 

GALLERY,  a balcony,  projecting  from  the  stern  or  quarter 
of  a ship  of  war.  or  of  a large  merchantman. 

Stern  Gallery,  that  part  of  the  preceding  article  whieh  is 
wholly  at  the  stern  of  the  ship,  and  is  usually  decorated  with  a 
balustrade  extending  from  one  side  of  the  ship  to  the  other ; 
the  forepart  is  limited  by  a partition,  called  the  tkreen  bulkhead, 
in  which  are  framed  the  cabin  windows,  and  the  roof  of  it  is 
formed  by  a sort  of  vault,  termed  the  core,  which  is  frequently 
ornamented  with  sculpture. 

Quarter  Gallery,  is  that  part  which  projects  on  each  quar- 
ter, and  is  generally  fitted  up  as  a water  closet.  Ships  of 
twenty  guns  and  upwards,  on  one  deck,  have  quarter  galleries, 
but  no  stem  gallery  ; two  and  three  deckers  have  two  or  three 
of  these  conveniences  on  each  side,  one  onder  the  other,  and 
one  or  two  stern  galleries. 

Gallery,  iu  Architecture,  a covered  place  in  a house, 
usually  in  the  wings  of  a building,  its  use  being  chielly  to 
walk  in. 

Gallery,  in  Fortification,  a covered  walk  across  the  ditch  of 
a town  ; and  as  a mine,  it  is  a narrow  passage  from  one  part  of 
the  mine  to  another. 

GALLEY,  a kind  of  low  flat-built  vessel,  furnished  with  one 
deck,  and  navigated  with  sails  and  oars,  particularly  in  the 
Medietrranean.  The  largest  sort  of  these  vessels,  called 
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galleasses,  were  formerly  employed  by  the  Venetians:  they 

were  about  162  feet 
long  above,  and  133 
feet  by  tbe  keel,  32 
feet  wide,  and  23  feet 
length  of  sternpost. 
They  were  furnished 
with  three  masts,  and 
32  banks  of  oars,  each 
bank  containing  two 
oars,  and  every  oar 
being  managed  by  six 
or  seven  slaves,  who 
were  usually  chained  thereto.  In  the  forepart  they  bad  three 
small  batteries  of  cannon,  viz.  two  36-pounders,  two  24-poun- 
ders, and  two  2-pounders  ; they  had  also  three  18-pounders  on 
each  quarter,  and  carried  from  1000  to  1200  men. 

The  galleys  next  in  size  to  these  are  called  half-galleys,  and 
are  from  120  to  130  feet  long, 
18  feet  broad,  and  0 or  10 
feel  deep.  They  hate  two 
masts,  which  may  be  struck 
at  pleasure,  and  are  fur- 
nished with  two  large  lateen 
sails,  and  five  pieces  of  can- 
non. They  have  commonly 
twenty-five  banks  of  oars,  as 
described  above.  A sixe  still 
less  than  these  are  called  quarter  galleys,  carrying  from  12  to 
16  banks  of  oars.  They  generally  keep  dose  under  the  shore, 
but  sometimes  venture  out  to  sea  to  perform  a summer  cruise. 

In  France  are  forty  galleys  for  the  use  of  the  Mediterranean, 
the  arsenal  thereof  being  at  Marseilles.  Tbe  general  of  the 
galley  bears  a double  anchor,  placed  in  pale  behind  the 
escoteheon  of  his  arms,  as  a mark  of  bis  office.  Tbe  captain 
galley  is  the  principal  galley  of  a state,  commanded  by  tbe 
captain-general  of  the  galleys.  In  France,  hefore  the  Revolu- 
tion, the  royal  galley  was  the  first.  These  galleys  io  France 
resemble  the  hulks  of  Britain,  in  which  tbe  convicts  labour,  and 
are  confined. 

Galley,  is  also  a name  given  to  an  open  boat,  rowing  six  or 
eight  oars,  and  used  on  tbe  river  Thames  by  custom-house 
officers,  press-gangs,  and  also  for  pleasure:  hence  tbe  appella- 
tion of  custom-house  galley,  press-galley,  fee. 

Gallky,  or  Gaily,  i*  also  the  name  of  tbe  kitchen  of  a ship 
of  war.  or  the  place  where  the  grates  are  put  op,  fires  lighted, 
and  the  victuals  generally  boiled  or  roasted.  In  East  India 
ships  it  is  generally  termed  the  cook-room,  and  on  board  of 
merchantmen  it  is  called  the  caboose. 

Galley  Slave,  a person  condemned  to  work  at  the  onr  on 
board  a galley,  being  chained  to  the  deck.  Condemnation 
to  the  galleys  is  a punishment  peculiar  to  France,  whereby 
criminals  and  delinquents  are  adjudged  to  serve  as  slaves  on 
board  the  galleys,  cither  during  life,  or  for  a limited  time.  A 
man  condemned  for  perpetuity  U dead  in  a civil  sen*e : he 
cannot  dispose  of  any  of  his  effects;  cannot  inherit;  and  if  he 
he  married,  bis  marriage  is  null,  nor  can  his  widow  have  any 
of  her  dower  out  of  his  goods,  which,  with  his  lands,  are  hereby 
confiscated. 

GALLIC  Acid,  in  Chemistryjsobtainedfrom  the  oak  nut-gall. 
Iu  an  infusion  of  galls  made  with  cold  water,  a sediment  is 
formed  which  has  a crystalline  form  and  an  acid  taste,  lly  an 
infusion  of  galls  exposed  to  the  air.  and  removing  now  and  then 
the  mouldy  skin  formed  on  its  surface,  a large  quantity  of  this 
sediment  was  obtained  ; which  being  edulcorated  with  cold 
water,  redissolved  in  hot  water,  filtrated  and  evaporated  very 
slowly,  yielding  an  acid  salt  in  crystals  as  fine  as  sand.  Or, 
boil  a mixture  of  carbonate  of  barytes  and  an  infusion  of 
nut-galls.  A bluish  green  liquid  is  obtained,  which  consists  of 
a solution  of  gallic  acid  and  barytes.  Filter  and  saturate  with 
dilated  sulphuric  acid.  Sulphal  of  barytes  is  deposited  in  the 
state  of  an  insoluble  powder,  and  a colourless  solution  of  gallic 
acid  remains.  Gallic  acid  when  pure,  is  in  the  form  of  trans- 
parent plates.  Its  taste  is  acid,  and  somewhat  astringent ; 
and  when  heated  it  has  a peculiar  and  rather  unpleasant 
aromatic  odour. 
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GALLINzE,  in  Ornithology,  the  fifth  order  of  birds.  Under 
which  are  comprehended  the  peacock,  pheasant,  turkey,  the 
common  cock,  partridge,  grouse,  dodo,  8tc. 

GALLING  Fire,  a repeated  discharge  of  eannon,  or  small 
arms,  which,  by  its  execution,  greatly  annoys  the  enemy. 

GALLIOT,  a Dutch  vessel,  carrying  a main  and  a tuixzen 
mast,  and  a large 
gaff-main- sail. 

A galliot  is  a 
sort  of  a brigan- 
tine, or  small 
galley, built  very 
slightly,  and  de- 
signed only  for 
chase.  She  can 
both  sail  & row, 
and  usually  car- 
ries about  two  or 
three  pedreros, 
and  has  sixteen 
or  twenty  oars. 

All  the  seamen 
on  board  are  sol- 
diers, and  each  has  a musket  by  him  on  quitting  his  osr.  Some 
also  call  the  bomb-ketches  galliots, 

GALLON,  an  English  measure  of  capacity,  being  equal  to 


4 quarts  or  b pints.  cu. 

The  gallon,  wine  measure,  contains ...........  231 

Ditto,  beer  measure, ................. ..  28*2 

Ditto,  dry  measure 368) 


GALLOON,  in  Commerce,  a narrow  kind  of  lace  used  to 
edge  or  border  cloths. 

G ALLOWS  Bits,  a frame  of  timber,  in  form  of  a gallows, 
forming  a support  for  the  spare  topmasts,  yards,  and  booms.  I 

GALVANI.  Law  is,  a modrrn  philosopher,  who  has  had  the 
honour  of  giving  his  name  to  a newly  discovered  principle  in 
nature,  was  born  at  Bologna,  in  1737,  where  he  practised  medi- 
cine, was  public  lecturer  at  the  university,  and  reader  in 
anatomy  in  the  Institute  of  the  same  city.  His  reputation,  as 
an  anatomist  and  physiologist,  was  established  in  the  schools 
of  Italy,  when  accident  gave  birth  to  lhe  discovery  which  has 
immortalized  bis  name.  His  wife,  with  whom  he  lived  many 
years  in  the  tendcrcst  onion,  was  at  this  time  in  a declining 
state  of  health.  As  a restorative,  she  made  use  of  a soup  of 
frogs:  and  some  of  these  animals,  skinned  for  the  purpose, 
happened  to  lie  upon  a table  in  her  husband's  laboratory,  upon 
which  was  placed  an  electrical  machine.  One  of  the  assistants, 
in  his  experiments,  happened  accidentally  to  bring  the  point  of 
a scalpel  near  the  crural  nerves  of  a frog,  lying  not  far  from  the 
conductor.  Instantly  the  muscles  of  the  limb  were  agitated 
with  strong  convulsions.  Madame  Galvaoi,  a woman  of  quick 
understanding,  and  of  a scientific  turn,  was  present,  and,  struck 
with  the  phenomenon,  she  immediately  went  to  inform  her 
husband  of  it.  He  came,  and  repented  the  experiment ; and  1 
soon  found  that  the  convulsion  only  look  place  when  a spark  ! 
was  elicited  by  the  conductor.  It  was  Volta,  however,  who  j 
brought  to  a system  the  crude  and  erroneous  opinions  of  | 
Galvaoi,  who  would  have  within  all  animals  a peculiar  electri- 
cal fluid,  secreted  by  the  brain,  and  diffused  by  the  nerves 
through  various  parts  of  the  body.  However,  from  this  simple  ( 
experiment,  or  rather  accident,  arose  the  new  science  of 
Galvanism,  which  has  made,  and  is  still  making,  such  a rapid 
progress  in  the  hands  of  modern  chemists  and  philosophers. 
Galvani  died  in  1798,  in  the  Gist  year  of  his  age. 

GALVANISM,  a modern  and  very  interesting  branch  of 
science,  thus  named  after  its  celebrated  discoverer,  professor 
Galvani.  of  Bologna.  (See  the  preceding  article.)  Galvanism 
comprises  all  those  electrical  phenomena  arising  from  the 
chemical  agency  of  certain  metals  with  different  fluids. 

We  have  noticed,  in  the  foregoing  article,  the  humble  origin 
of  this  science  ; and  that  by  accident  it  was  discovered,  that 
common  electricity  had  the  property  of  producing  muscular 
contractions  in  the  limbs  of  animals  even  a considerable  time 
after  death ; and  of  this  Galvani  more  clearly  convinced  himself, 
by  ascertaining,  that  from  whatever  source  the  electricity  was 
drawn,  the  effect  of  it  was  still  the  same.  But  in  one  instance 


be  found,  that  the  mere  agency  of  a metallic  substance,  where 
be  had  no  reason  to  suspect  the  presence  of  elrclricity,  the 
limbs  of  a recently  killed  frog  were  convulsed  ; snd  after  mak- 
ing several  experiments,  he  ascertained,  that  the  convulsioaa 
only  took  place  when  he  employed  dissimilar  metals. 

Galvani’s  experiments  were  repeated  by  many  eminent  philo- 
sophers. both  on  the  continent  and  in  this  country.  None  of 
them,  however,  added  any  thing  new  to  what  Galvani  had  him- 
self discovered,  excepting  the  celebrated  Volta,  whose  improve- 
ment was  so  decided,  that  the  science  itself  has  nearly  changed 
its  name,  taking  that  of  Voltaism  instead  of  Galvanism. 

When  we  view,  indeed,  the  numerous  facts  that  have  been 
added  to  the  labours  of  Galvani,  hisdiseoveries  form  but  a very 
small  part  of  the  whole  mass,  whereas  a great  many  of  them 
are  due  to  Volta.  Yet  when  we  recollect  again,  that  the  inves- 
tigation began  with  the  former,  and  was  in  a great  degree 
promoted  by  his  ow  n perseverance,  we  must  ever  consider  him 
os  a principal  in  this  extensive  field  of  research ; and  cannot, 
without  injustice,  deprive  him  of  the  honour  which  has  been 
conferred  upon  him,  of  giving  bis  own  name  to  the  science 
which  he  discovered  and  promoted.  Philosophy,  however,  is 
infinitely  indebted  to  SignJor  Volta,  it  being  to  him  that  we 
owe,  in  a great  measure,  the  rapid  progress  that  has  since  been 
made  iu  this  interesting  branch  of  philosophy.  He  repeated 
the  experiments  of  Galvani,  and  found,  that  when  two  pieces 
of  metal  of  different  kinds  were  placed  in  different  parts  of  an 
animal  at  the  same  time,  that  the  metals  were  brought  in  con- 
tact, or  were  connected  by  a metallic  arc ; as  often  as  the 
contact  was  made,  convulsions  were  observed.  He  found  that 
the  greatest  was  produced  when  the  metals  were  sine  and 
silver.  When  several  pairs  of  metals  were  employed,  having 
pieces  of  moist  cloth  between  them,  the  effect  appeared  to 
increase  as  the  number  of  pairs.  This  important  discovery  of 
accnmulating  the  effects  of  this  species  of  electricity,  was  made 
by  Volta  in  1800,  and  hcncc  has  hero  denominated  the  Voltnic 
pile.  The  apparatus  first  made  by  Volta,  consisted  of  a certain 
number  of  pairs  of  xinc  and  silver  plates,  separated  from  each 
other  by  pieces  of  wet  cloth  ; the  arrangement  being  as  follows  : 
zinc,  silver,  wet  cloth  ; xinc,  silver,  wet  cloth,  and  so  on.  The 
silver  plates  were  chiefly  silver  coins,  the  plates  of  xinc  and  the 
pieces  of  cloth  being  of  the  same  size.  He  found  this  pile 
much  more  powerful  when  the  pieces  of  cloth  were  moistened 
with  a solution  of  common  salt  instead  of  pare  water,  and  sn 
apparatus  consisting  of  forty  pairs  of  plates,  he  found  to 
possess  the  power  of  giving  a very  smart  shock,  simitar  to  that 
of  a small  electric  jar ; and  that  this  effect  look  place  ns  often 
as  a communication  was  made  between  each  end  of  tbo  pile, 
and  as  long  as  the  pieces  of  cloth  remained  moist 

An  account  of  this  discovery  was  communicated  to  the 
Royal  Society,  and  published  in  the  Philosophical  Transactions. 
Since  this  time  we  have  no  account  of  any  farther  discoveries 
of  Volta ; but  the  science  of  Galvanism  has  been  since  con- 
siderably extended  by  the  researches  and  experiments  of 
philosophers  in  France.  England,  and  other  countries. 

The  first  experiments  made  on  the  pile  in  this  country  were 
performed  by  Messrs.  Nicholson  and  Carlisle,  who  observed, 
that  on  bringing  the  wires  from  each  end  of  the  column  in  con- 
tact with  a drop  of  water,  hubbies  of  some  elastic  gas  were 
disengaged,  which,  on  closer  examination,  they  found  to  be 
hydrogen  gas;  this  discovery  gave  rise  to  a great  variety  of 
experiments,  and  to  many  interesting  results,  but  being  chiefly 
chemical,  we  cannot  here  enter  into  their  details. 

The  Galvanic  energy  evinced  in  the  decomposition  of  bodies, 
which  the  experiments  of  Nicholson  and  Carlisle  had  first  made 
known,  was  farther  prosecuted  by  Mr.  Cruikshank,  of  Wool- 
wich, to  whom  we  are  indebted  for  the  invention  of  the 
Galvanic  trough,  which  we  have  described  under  the  article 
Galvanic  Battery.  This  again  lod  the  way  to  other  batteries 
of  similar  construction,  but  of  a more  powerful  nature,  by  which 
it  was  found,  that  all  the  metals  reduced  into  thin  leaves  were 
deflagrated  with  brilliant,  though  differently  coloured  flames ; 
and  henceforth  Galvanism,  which  had  not  before  assumed  any 
particular  character,  it  being  doubtful  to  what  branch  of  science 
it  properly  belonged,  was  directed  entirely  to  chemistry,  and 
has  since  been  the  means  of  throwing  great  light  on  that 
interesting  branch  of  human  knowledge. 
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Til  Luiet  of  Galvanic  Combination.— The  conductors  of  elec- 
tricity arc  divided  into  two  principal  classes.  The  first  class, 
called  dry  and  perfect  conductors,  aro  metallic  substances  and 
charcoal.  Those  of  the  second  class,  or  tho  imperfect  conduc- 
tors, are  water  and  other  oxidating  fluids.  But  as  the  sub- 
stances of  the  second  class  dilfer  in  conducting  power  much 
more  than  those  of  the  first  class,  so  they  may  bo  subdivided 
into  species. 

Imperfect  Conductors.— It  may  be  observed,  that  water  bold- 
ing in  solution  common  air,  and  especially  oxygen  gas,  is  much 
more  active  than  water  deprived  of  air  by  boiling.  2.  Water 
mixed  with  clay  or  chalk  ; 3d,  a solution  of  sugar ; 4th,  alco- 
hol ; 5lh,  milk  ; Gth,  mucilaginous  fluids  ; 7lh,  animal  gelatinous 
fluids  ; 8th,  wine ; 9th,  vinegar,  and  other  vegetable  juices,  and 
acids  ; 10th,  saliva  ; 11th,  mucus  from  the  nose;  12th,  blood; 
13th,  brains  ; 14th,  solution  of  salt;  15th,  soap-suds  ; lGlh, 
chalk  water ; 17th,  concentrated  mineral  acids;  18th,  strong 
alkaline  leys;  19th,  alkaline  fluids;  20th,  sulpburet  of  potash. 

Simple  Combinations  of  Galvanic  Conductors,  capable  of  pro- 
ducing effects,  must  consist  of  three  different  conductors,  for  two 
produce  no  effect. 

One  condnctor  must 
be  of  one  class, 
the  two  other 
ductors  different 
the  other  class.  De- 
noting the  bodies  of 
the  first  class  by 
means  of  three  capi- 
tal letters,  and  those 
of  the  second  class 

by  small  letters,  the  combinations  of  No.  1 and  2 are  active, 
but  those  of  3,  4,  5,  arc  not  active  ; because  they  consist  of  two 
bodies  only,  and  those  of  figs.  7 and  8 consist  of  three  bodies; 
of  which  two  are  of  the  same  sort,  and  of  course  Act  as  a 
single  body. 

When  two  of  the  three  bodies  are  of  the  first  class,  and  one 
of  the  second,  the  combination  is  said  to  be  of  the  first  order; 
otherwise,  it  is  said  to  be  of  the  second  order.  In  a single 
active  galvanic  combination,  or.  as  it  is  commonly  called,  a 
simple  galvanic  circle,  the  two  bodies  of  one  cla*s  must  touch 
each  other  in  more  than  ono  point,  at  the  same  time  that  they 
are  connected  together  at  other  points  by  the  body  of  the  other 
class.  Thus,  when  a prepared  frog  is  convulsed  by  the  con- 
tact of  the  same  piece  of  rnctal  in  two  different  places,  then  the 
fluids  of  those  parts,  which  must  be  somewhat  different  from 
each  other,  are  the  two  conductors  of  the  second  class,  and  the 
metal  is  the  third  body  on  the  conductor  of  the  first  class.  If 
two  metals  are  used,  then  the  fluids  of  the  prepared  animals 
differing  but  little  from  each  other,  may  be  considered  as  one 
body  of  the  second  class.  Thus  also,  when  a person  drinks 
out  of  a pewter  jug,  the  saliva  or  moisture  of  his  under  lip  is 
one  fluid  or  one  conductor  of  the  second  class,  the  liquor  in 
the  jug  is  the  other,  and  the  metal  is  the  third  body,  or  con- 
ductor of  the  first  class. 

It  seems  to  be  indispensably  requisite,  that  in  a simple 
galvanic  circle,  the  conductor  or  conductors  of  one  class  should 
have  some  chemical  action  upon  the  other  conductor  or  con- 
ductors ; without  which  circumstance  the  combination  of  the 
three  bodies  will  have  either  no  galvanic  action  at  all,  or  a 
very  slight  one.  Farther,  the  galvanic  action  seems  to  he  pro- 
portionate to  the  drgiee  of  chemical  agency;  which  seems  to 
shew,  that  such  chemical  action  is  tbc  primary  cause  of  the 
electric  phenomena.  The  most  active  galvanic  circles  of  the 
first  order,  are,  when  two  solids  of  different  degrees  of  oxid- 
ability  are  combined  with  a fluid,  capable  of  oxidating  at  least 
one  of  the  solids.  Thus.  gold,  silver,  and  water,  do  not  form 
an  active  galvanic  circle ; hut  the  circle  will  become  active  if  a 
little  nitric  acid,  or  any  fluid  decomposable  by  silver,  is  mixed 
with  the  water. 

A combination  of  zinc,  silver,  and  water,  forms  an  active 
galvanic  circle,  and  the  water  is  found  to  oxidate  the  zinc,  pro- 
vided the  water  holds  in  solution  some  atmospherical  air,  as  it 
commonly  docs,  and  especially  if  it  contains  oxygen  gas.  But 
zinc,  silver,  and  water,  containing  a little  nitric  acid,  form  a 
more  powerful  galvanic  circle,  the  fluid  being  capable  of  acliug 


both  upon  the  zinc  and  upon  the  silver.  The  most  powerful 
galvanic  combinations  of  the  second  order  are.  when  two  con- 
ductors have  different  chemical  actions  on  the  conductors  of 
the  first  class,  at  the  same  time  that  they  have  an  action  upon 
each  other.  Thus,  copper,  silver,  or  gold,  with  a solution  of 
alkaline  sulphurcl,  and  diluted  nitrous  acid,  form  a very  active 
galvanic  circle.  The  present  stale  of  knowledge  relative 
to  this  subject,  docs  not  enable  us  accurately  to  determine  the 
particular  powers  of  all  sorts  of  galvanic  combinations : the 
following  lists,  however,  contain  on  useful  arrangement  of  the 
best  combinations,  disposed  in  tbe  order  of  their  powers,  and 
commencing  with  the  most  powerful. 

Table  of  Galvanic  Circles  of  the  First  Order. — These  circles 
consist  of  two  conductors  of  the  first  class,  and  one  of  the 
second.  1.  Zinc,  with  gold,  charcoal,  silver,  or  copper,  tin, 
iron,  or  mercury,  and  water  containing  a small  quantity  of  anj 
of  the  mineral  acids.  2.  Iron,  with  gold,  charcoal,  silver,  cop- 
per, or  tin,  and  a weak  solution  of  any  of  tbe  mineral  acids.  3. 
Tin,  with  gold,  silver,  or  charcoal,  and  a weak  solution  of  any 
of  the  mineral  acids.  4.  Lead,  with  gold  or  silver,  and  a weak 
acid  solution.  6.  Any  of  the  foregoing  metallic  combi nations, 
and  common  wate>.  6.  Copper,  gold,  silver,  and  a solution  of 
nitrate  of  silver  and  mercury,  or  nitric  or  acetous  acid. 

Gahanic  Circles  of  the  Second  Order,  consist  of  one  conductor 
of  the  first  class,  und  two  of  the  second.  Charcoal,  copper, 
silver,  lead,  tin,  iron,  or  zinc,  with  water,  or  a solution  of  any 
hydrogenated  alkaline  sulphurets,  capable  of  acting  on  the 
first  three  metals  only,  and  a solution  of  nitrous  acid,  or 
oxygenated  muriatic  acid,  capable  of  acting  upon  metals. 

Theory  of  the  Action  of  Galvanic  Circles.— The  action  of  a 
single  galvanic  circle  depends  on  the  quantity  of  surface  in 
rontact  between  the  acting  bodies  ; and  a high  temperature  Is 
favourable  to  this  activity.  If  a circle  consist  of  gold,  zinc, 
and  water,  the  interposition  of  iron  or  silver,  or  both,  does  not 
alter  the  activity.  Hence  it  appears  that  the  acrion  of  a gal- 
vanic circle  may  he  conveyed  through  extraneous  conductors 
to  a considerable  distance;  hut  it  must  be  observed,  that  the 
activity  is  weakened  by  the  great  length  of  the  conductors, 
especially  if  they  are  of  an  imperfect  nature 

When  the  three  bodies  which  form  a galvanic  circle  of  the 
first  order  are  laid  one  upon  the  other,  so  that  the  lower  and 
upper  ones  do  not  touch  each  other,  then  these  two  extremes 
are  in  opposite  electric  states,  viz.  the  extremity  which  is  next 
to  that  metallic  surface  that  touches  the  body  of  tbe  second 
class  is  positive,  and  the  opposite  extremity  is  negative.  Thus, 
let  copper,  zinc,  and  moistened  leather,  be  laid  ono  upon  the 
other,  as  in  the  annexed  figure,  and  the  upper 
end  W,  viz.  the  moistened  leather,  will  be 
found  possessed  of  positive  electricity ; whilst 
the  lower  end  C,  or  the  copper,  will  bo  found 
negative. 

Galvanic  Batteries. — Galvanic  effects  may  be  increased  to 
almost  any  degree,  by  connecting  several  of  the  above-men- 
tioned active  combinations,  or  by  a repetition  of  the  same 
simple  galvanic  combination,  (the  mo*t  active  simple  combi- 
nation forming  the  most  powerful  batteries,  and  viee  versa,) 
provided  the  simple  combinations  are  disposed  so  as  not  to 
counteract  each  other.  Those  batteries  arc  said  to  he  of  the 
second  or  first  order,  according  as  the  simple  combinations  of 
which  they  consist  arc  of  the  first  or  second  order. 

Example.  Thus,  if  a piece  of  zinc  is  laid  upon  a pieee  of 
copper,  and  a piece  of  moistened  card  upon  the  zinc,  then  a 
similar  arrangement  ol  three  other  such  pieces  laid  upon  them, 
and  a third  arrangement  upon  this,  &c.  all  in  the  same  order, 
the  whole  will  form  a battery  of  the  first  order.  But  If  the 
arrangement  is  made  by  connecting  a piece  of  copper  with  a 
piece  of  cloth  moistened  with  water,  the  latter  with  a piece  of 
cloth  moistened  with  a solution  of  solphuret  of  potash,  and 
this  again  with  another  piece  of  copper,  &c.  tbe  whole  will  form 
a battery  of  the  second  order. 

Sir  Humphry  Davy  divides  the  batteries  of  the  second  order 
into  three  classes:  first,  the  most  feeble,  in  which  metallic 
plates  are  to  arranged  that  two  of  their  surfaces  or  ends  oppo- 
site to  each  other  are  in  contact  with  different  fluids,  one 
capable  and  the  other  incapable  of  oxidating  the  metal.  2dly. 
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When  simple  combinations  consist  of  a staple  plate,  each  i 
capable  of  being  acted  upon  by  sulphuretted  hydrogen,  a solu- 
tion of  sulphuret  of  potasb  being  on  one  side,  and  water  on 
the  other.  3dly.  Metallic  substances  oxidable  in  acids,  and 
capable  of  action  on  solutions  of  sulphurets. 

Lows  of  Galvanic  Action.— The  parts  of  a battery  must  not 
counteract  each  other.  Every  simple,  but  interrupted  galvanic 
combination,  has  a positive  and  a negative  end,  ».  e.  the  elco- 
tric  fluid  circulates  in  one  way  only 

Example.  Thus,  If  two  simple  Fig.  1.  Fig.  2. 

combinations  are  disposed,  as 
in  fig.  1,  this  arrangement  will 
not  have  any  galvanic  power, 
because  the  actions  of  the  two 
simple  combinations, or  the  two 
currents  of  electricity,  are 
opposed  to  each  other,  the  two 
positive  ends  being  called  P, 
and  the  two  negative  ends  N.  But  if  those  fixed  bodies  are 
disposed  as  in  fig*  2,  then  the  combination  will  be  very  active, 
because,  according  to  tbe  hypothesis,  the  direction  of  the  eleo- 
tric  fluid  in  each  simple  arrangement  tends  the  same  way,  and 
probably  the  one  accelerates  the  other. 

What  has  been  said  of  the  above  arrangements  of  tbe  two 
simple  galvanic  combinations,  roust  be  likewise  understood  to 
hold  good  with  respect  to  the  connexion  of  any  number  of  the 
same,  viz.  that  they  must  not  counteract  each  other:  or  if  a 
certain  number  of  them  counteract  each  other,  then  tbe  remain- 
ing only  form  the  active  part  of  the  battery.  For  instance,  if  a 
battery  consists  of  forty  simple  combinations,  and  if  twelve  of 
them  are  placed  in  a direction  contrary  to  the  others,  then 
these  twelve  will  counteract  twelve  others,  and  of  course  the 
whole  battery  will  have  no  more  power  than  if  it  consisted  of 
sixteen  combinations  properly  disposed. 

This  points  out  a method  of  comparing  the  powers  of  two 
batteries ; for  if  those  batteries  are  connected  in  an  inverted 
order,  vis.  the  positive  end  of  one  to  touch  the  negative  end  of 
the  other ; then  on  connecting  tbe  two  other  extremities,  or  on 
applying  them  to  proper  instruments,  the  whole  power  will  be 
annihilated,  if  the  separate  batteries  bad  equal  power ; other- 
wise the  power  of  tbe  whole  will  be  the  excess  of  the  power  at 
tbe  most  powerful  battery  above  that  of  the  weakest;  and  the 
direction,  vis.  its  being  positive  or  negative,  will  shew  to  which 
battery  it  belongs.  It  must  bo  observed,  with  respect  to  the 
inactive  arrangement  of  figure  1,  that  if  one  of  the  separate 
bodies  Z.  is  removed,  then  the  remaining  five  bodies  will  form 
an  active  combination,  for  in  that  case  W W become  one 
body,  and  S S likewise  act  as  one  body. 

Construction  of  Galvanic  Batteria.— When  three  bodies  are 
selected  for  the  battery,  the  operator  has  only  to  make  their 
contact  perfect,  and  tbe  batteries  may  be  of  the  forms  repre- 
sented by  figs  I,  2,  3.  Those  of  figs.  I,  2,  are  more  easily  con- 
structed; that  of  fig.  3,  however,  is  the  most  commodious. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Tbe  battery  fig.  1,  con- 
sists of  several  glasses  or 
China  eups  full  of  water, 
or  of  water  containing 
salt,  Ac.  A plate  of  nine 
and  a plate  of  silver  are 
plunged  into  the  Ouid  oe 
each  cup.  excepting  th 
first  and  last  cups;  but 
each  of  those  plates  must  have  a sort  of  tail  or  prolongation, 
by  which  they  are  so  connected  that  tbe  silver  plate  of  ooe  cap 
communicates  with  the  vino  plate  of  the  next,  and  so  on.  The 
battery  fig.  2,  consists  of  pieces  of  silver  about  the  size  of  half- 
crowns,  pieces  of  zinc  of  about  an  equal  size  to  those  of  the  silver, 


and  pieces  of  card  or  cloth,  leather,  or  other  bibulous  substance, 
a little  smaller  in  diameter  than  the  metallic  pieces,  and  soaked 
in  water  or  in  any  other  proper  fluid.  These  pieces  are  dis- 
posed in  the  order  silver,  zinc,  and  wet  doth,  as  indicated  by 
tbe  letters  8,  Z,  W.  Tbe  pieces  of  card  or  elotb,  Ac.  must  be 
well  soaked  in  the  fluids ; but  before  they  are  applied,  they 
should  be  squeezed,  in  order  that  tbe  superfluous  fluid  may 
not  ruu  down  the  outside  of  the  pile,  or  insinuate  itself 
between  the  contifpious  pieces  of  silver  and  zinc.  Those 
pieces  especially,  if  soaked  iu  common  water,  lose  their  mois- 
ture pretty  soon,  so  that  they  can  hardly  serve  longer  than  for 
a day  or  two : after  which  time  the  pile  must  be  deranged,  tbe 
metallic  pieces  cleaned,  those  of  cloth  or  card  soaked  again, 
and  the  whole  arranged  as  before.  The  three  rods,  R,  R,  R, 
are  of  glass  or  of  baked  wood,  and  the  piece  of  wood,  O,  slides 
freely  up  or  down  the  rods.  This  serves  to  prevent  the  falling 
of  the  pieces.  When  such  a battery  is  to  be  very  powerful, 
that  is  to  say,  when  it  is  to  consist  of  „ 
numerous  pieces,  the  best  way  is  to  form  **9'  ** 
two  or  more  piles,  and  to  join  them  by 
pieces  of  metaJ,  as  CC,  in  fig.  4.  where 
two  piles  are  joined  together,  so  that  d is 
the  uegative  extremity,  and  b is  the  posi- 
tive one  of  the  whole  arrangement,  or  of 
the  two  piles,  a considered  as  one.  The 
battery,  fig.  3,  consists  of  a strong  oblong 
vessel  of  baked  wood  or  porcelain,  about 
three  inches  deep,  and  as  much  broad. 

In  the  side  of  this  vessel  grooves  are 
made  opposite  to  each  other,  and  about 
one-eighth  of  an  inch  in  depth.  In  each 
pair  of  opposite  grooves  a double  metallic  plate,  riz.  a plate  of 
zinc  and  a plate  of  silver  soldered  together  at  their  edges,  are 
cemented,  or  the  plates  may  be  put  in,  connected  only  at  their 
upper  end*  ; by  which  means  the  wooden  vessel  is  divided  into 
several  cells  or  partitions,  about  half  an  iuch  wide,  as  is  indi- 
cated by  the  figure.  The  cementation  of  the  metallic  pieces 
into  the  sides  and  the  bottom  of  the  wooden  vessel,  must  be  so 
accurate  as  not  to  permit  the  passage  of  any  fluid  from  one 
celt  into  the  next.  The  cement  proper  for  this  purpose,  is 
made  by  melting  together  five  parts  of  resin,  four  parts  of  bees- 
wax, and  two  parts  of  powdered  red-ochre.  Those  cells  are 
afterwards  filled  almost  to  Ibc  top  with  water,  or  any  other 
fluid,  according  to  the  foregoing  table,  and  thus  the  whole  will 
form  a battery,  consisting  of  various  repetitious  of  silver,  zinc, 
and  fluid.  Two  or  more  of  such  batteries  may  be  joined,  as  was 
said  of  the  preceding  battery. 

It  need  hardly  be  ohserved,  that  instead  of  sine,  copper,  and 
water,  other  combinations  may  be  made  according  to  the  table.  - 
At  present,  the  last  described  batteries  are  constructed  with 
copper,  zinc,  and  water  mixed  with  a small  portion  of  nitrie  or 
muriatic  acid.  For  the  construction  of  such  batteries  it  is  of 
little  consequence  whether  the  materials  are  pure  or  slightly 
alloyed.  The  action  of  all  these  batteries  is  greatest  when 
they  are  first  completed  or  filled  with  any  fluid  ; and  it  declines 
in  proportion  as  the  metal  is  oxidated  or  the  fluid  loses  its 
power.  Hence,  after  a certain  lime,  the  fluid  must  not  only  bo 
changed,  but  the  pieces  must  be  cleaned,  by  removing  the  oxi- 
dated surface,  which  is  done  cither  by  filing  or  rubbing  them 
with  sand,  or  sand  paper,  or  by  immersing  them  for  a short 
lime  in  diluted  muriatic  acid,  and  then  wiping  them  with  a 
coarse  cloth.  The  metallic  pieces  of  fig.  4,  may  be  cleaned  by 
the  last  method,  and  wiped  by  introducing  a stick  with  a rag 
into  tbe  cells.  The  energy  of  galvanic  batteries,  w hen  the 
troughs  are  porcelain,  may  be  restored  by  merely  lifting  out 
the  metals,  and  exposing  them  to  the  action  of  the  atmosphere. 
This  much  may  be  sufficient  with  respect  to  the  construction  of 
simple  and  compound  galvanic  arrangements. 

Galvanic  Experiment*. — Experiment  I.  'When  the  galvanic 
battery  of  the  first  order  consists  of  twenty  repetitions  of  sim- 
ple combinations,  and  if  with  one  band  one  extremity  of  a 
battery  be  touched,  and  the  other  hand  be  applied  to  th©  other 
extremity  of  the  battery,  a shock  will  be  felt,  like  that  which  is 
communicated  by  a Leyden  phial  weakly  charged,  and  it  will 
hardly  be  felt  beyond  the  fingers,  or  at  most  the  wrists.  Thla 
shock  will  be  felt  as  often  as  the  contact  is  repeated. 
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Fxg.  1. 


Kate. — The  battery  in  the  following  experiment,  is  the  form  \ 
cf  that  most  usually  sold  by  the  philosophical  instrument  | 
makers.  Tiie  nitric  and  muriatic  acid  may  be  had  at  any  ! 
chemist's  shop. 

2.  If  the  hands  are  continued 
in  contact  with  the  extremities 
b and  a,  a slight  but  continued 
irritation  will  be  perceived;  and 
when  the  hand  which  touches 
the  extremity  of  the  battery  is 
excoriated  or  wonnded,  this 
sensation  is  disagreeable,  and 
rather  painful. 

3.  Instead  of  one  person, 
several  persons  may  join  hands, 

(well  moistened  with  water.)  and  on  completing  the  circuit, 
they  will  all  feel  the  shock  at  the  same  instant  But  the 
strength  of  the  shock  is  much  diminished,  by  its  passing 
through  the  several  persons,  or,  in  general,  by  passing  through 
less  perfect  conductors. 

4.  The  shock  from  a battery  consisting  of  fifty  or  sixty  repe- 
titions, of  the  most  active  combinations  of  the  first  order,  may 
be  felt  as  far  as  the  elbows,  and  the  combined  force  of  five  or 
six  such  batteries  will  give  a shook  much  stronger,  pci  haps, 
than  most  men  would  be  willing  to  receive.  The  prepared 
limbs  of  a frog  or  other  animal  are  violently  convulsed  ; but 
soon  exhausted  of  their  irritability  by  the  action  of  a galvanic 
battery,  and  its  action  on  a person  lately  executed  at  Glasgow 
waj  the  most  singularly  terrific  that  medical  practitioners  had 
ever  witnessed. 

& If  a wire,  proceeding  from  one  extremity  of  a pretty 
strong  battery,  is  made  to  communicate  with  the  inside  coat- 
ing ; and  a wire  which  proceeds  from  the  other  extremity  of 
the  battery  is  made  to  communicate  with  the  outside  coating 
of  a common  large  jar  or  electrical  battery;  the  latter  will 
become  weakly,  but  almost  instantaneously,  charged  in  the 
same  manner  as  if  it  had  been  charged  by  a few  turns  of  a 
common  electrical  machine ; with  this  charge  you  may  either 
give  the  shock  or  effect  on  the  electrometer. 

6.  The  spark,  or  the  discharge  of  a galvanic  battery,  when 

sent  through  thin  inflammable  bodies  that  are  in  contact  with 
common  air,  or  oxygen  gas,  sets  them  on  fire  and  consumes 
them  with  wonderful  activity.  It  fires  gunpowder,  hydrogen 
gas,  phosphorus,  and  other  combustibles  ; it  renders  red-hot, 
fuses,  and  oxidates  very  slender  metallic  wires,  and  metallic 
leaves.  The  mode  of  applying  the  power  of  the  battery  for 
such  purposes,  is  shewn  in  fig.  2.  where  Fig.  2. 

A B represents  a powerful  galvanic  bat- 
tery ; A C D F,  is  a wire  which  commu- 
nicates with  the  last  plate  of  the  battery 
at  A;  BKHG  is  another  wire  which 
communicate*  with  the  last  plate  at  B.  ’* 

D £,  HI,  are  two  glass  tubes,  through  which  those  wires  pass, 
and  into  which  they  are  fastened  sufficiently  steady.  Those 
tubes  serve  to  move  the  wires  ; for  if  the  operator  applies  his 
fingers  to  those  tubes,  he  may  move  the  wires  wherever  be 
pleases,  without  the  fear  of  receiving  a shook.  If  the  two 
extremities  F G,  are  brought  sufficiently  near  to  one  another, 
the  spark  will  be  seen  between  them.  It  is  between  those 
extremities  that  the  combustible  substances,  or  tbc  metallic 
leaf,  is  to  be  placed  in  order  to  be  fired  or  burned.  This  figure, 
moreover,  represents  the  situation  of  the  wires  in  the  act  of 
inflaming  gunpowder. 

7.  A battery  consisting  of  200  pairs  of  metallic  plates  (nr, 
copper  and  zinc,  each  five  inches  square)  melted  23  inches  of 
very  fine  iron  wire.  A platina 
wire  about  ^ inch  in  diameter, 
was  melted  iuto  a globule.  Fig. 

3.  is  the  representation  of  a 


compound  battery  of  the  same 
kind,  fastened  together  with 
iron  cramps  a.  A,  c.  Under 
the  exhausted  receiver  of  the 
air  pump,  the  galvanic  battery 
nets  Jess  powerfully  than  in  the  open  air;  hut  in  oxygen  gas, it 
acts  with  increased  power. 
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| 8.  The  flash  of  light,  which  appears  before  the  eye  of  the 

experimenter,  when  the  eye  itself  or  some  other  part  not  very 
remote  from  it.  is  put  in  the  circuit  of  a galvanic  combination, 
does  not  appear  much  greater  when  a battery  is  employed  than 
when  two  plates  are  applied  in  the  manner  which  has  been 
already  mentioned  ; but  when  the  battery  is  used,  the  sensation 
of  a flash  may  be  produced  in  various  ways.  If  one  hand  or 
both  be  placed  in  contact  with  one  extremity  of  the  battery, 
and  almost  any  part  of  the  face  brought  into  contact  with  the 
other  extremity,  the  flosh  will  appear  very  distinctly,  tho 
experimenter  being  in  the  dark,  or  keeping  his  eyes  shut. 
This  flash  appears  very  strong,  when  a wire  which  proceeds 
from  one  extremity  of  the  battery,  is  held  between  the  tectb, 
and  rests  upon  the  tongue,  whilst  the  other  wire  is  held  in  the 
hand.  In  this  case,  the  lips  and  tongue  arc  convulsed,  the 
flash  appears  before  the  eyes,  and  a very  pungent  taste  is  per- 
ceived in  the  mouth. 

Ul  If  any  part  of  the  human  body,  forming  part  of  the  circuit 
of  a galvanic  battery,  is  kept  sometimes  in  that  situation,  the 
irritation  is  mnre  or  less  distinct,  according  to  the  sensibility  of 
the  parts  concerned.  This  application  is  likely  to  prove  most 
useful  as  a remedy  in  various  disorders.  It  is  said,  that  it  has 
already  proved  most  beneficial  in  deafness  and  in  rheumatisms. 

Decomposition  of  Compound  Bodies. — The  most  extraordinary 
phenomena  of  galvanie  batteries,  are  the  chemical  effects  pro- 
duced upon  bodies  placed  in  a circuit.  Thus,  when  into  two 
small  tubes,  connected  by  a moist  animal  substance,  and  filled 
with  distilled  water,  two  gold  wires  are  introduced  from  a 
large  battery  in  the  proper  order,  oxygen  is  produced  in  one 
quantity  of  water  and  hydrogen  in  the  other,  nearly  in  the  pro- 
portions in  which  they  arc  required  to  form  water  by  combus- 
tion. All  the  oxygenated  solutions  of  bodies  possessing  less 
affinity  for  oxygen  than  nascent  hydrogen,  are  decomposed 
when  exposed  to  the  action  of  the  metal  occupying  the  place 
of  the  least  oxidable  part  of  the  series  in  the  compound  circle. 
Thus  we  may  prodnee  sulphur  from  sulphuric  acid  ; and  preci- 
pitate copper  and  other  metals  in  the  metallic  form,  from  their 
solutions. 

On  bringing  potash  and  soda  within  tbc  action  of  a powerful 
battery.  Sir  H.  Davy  found  that  metalline  substances  were 
produced,  which  he  has  named  potattium  and  todium. 

It  is  well  known,  that  hydrogen  in  its  nascent  state,  rcdoccs 
the  oxide  of  metals.  Accordingly,  when  a tube  is  filled  with  a 
solution  of  acetate  of  lead  in  distilled  water,  and  a communi- 
cation is  made  with  the  battery,  as  above  described,  no  gas  is 
perceived  to  issue  from  the  wire  which  proceeds  from  the 
negative  end  of  the  battery;  but,  in  a few  minutes,  beautiful 
metallic  needles  are  perceived  on  the  extremity  of  this  wire; 
they  soon  increase,  and  assume  the  form  of  a fern  leaf,  or  other 
vegetable.  The  lead  thus  separated,  is  in  its  perfect  metallic 
state,  and  very  brilliant.  When  a solution  of  sulphate  of  cop- 
per is  emplojcd,  tbe  copper  is  precipitated  in  its  metallic 
I state;  bat  instead  of  appearing  in  crystals,  it  forms  a kind  of 
button,  which  adheres  firmly  to  tbc  end  of  the  wire.  The 
effects  of  tbe  galvanic  battery  upon  the  human  frame  when 
dead,  are  extraordinary,  but  of  these  we  cannot  now  treat. 

Improvement  in  the  Galimnie  Batter g.—  Professor  Oersted, 
among  bis  other  discoveries  on  the  affinity  between  electricity 
i and  galvanism,  has  ascertained  the  important  fact,  that  to  pro- 
I duce  an  active  influence  on  the  magnetic  needle,  and  divert  it 
! from  its  position,  exposing  it  tn  the  action  of  a single  pair  of 
1 discs  of  copper  and  zinc,  separated  by  a conducting  body,  will 
be  snflicicnt ; and  that  this  simple  apparatus  will  act  with  more 
force  than  an  entire  pile.  By  this  simplification  of  the  galvanio 
process,  he  has  suspended  two  plates  of  copper  and  zinc  sepa- 
rated by  a liquid  conductor,  to  a very  fine  thread;  and  he  has 
: found  this  arrangement  competent  to  give  them  a higher  de- 
1 gree  of  mobility,  and  to  render  them  susceptible  of  obeying  or 
yielding  to  the  action  of  exterior  agents  however  feeble.  Little 
bars,  strongly  magnetized,  presenting  either  of  their  poles  to 
• tbe  apparatus,  repulsed  or  attracted  it,  imparting  a rotatory 
i movement  about  the  point  of  suspension. 

I GAMBOGE,  a concreted  vegetable  juice,  partly  of  a gammy 
’ and  partly  of  a resinous  quality,  brought  from  India. 

GAME,  in  general,  signifies  any  diversion  or  sport  performed 
with  regularity,  or  restrained  to  rules.  Games  are  usually 
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distinguished  into  those  of  address  and  those  of  hazard.  To 
the  first  belong  chess,  tenis,  billiards,  wrestling,  fee.  and  to 
the  latter  those  performed  with  cards  or  dice,  as  backgammon, 
ombre,  picquet,  whist.  See. 

Games,  in  Antiquity,  were  public  diversions,  exhibited  on 
solemn  occasions.  Such,  among  the  Greeks,  were  the  Olympic, 
Pythian,  Ncnuran,  Ac.  games;  and  among  the  Romans,  the 
Apollinarian,  Circensisn.Capitolinc.  Ac.  games.  The  Romans 
had  three  sorts  of  games,  viz.  sacred,  honorary,  and  Indicrous. 
The  first  were  instituted  in  honour  of  soma  deity  or  hero:  of 
which  kind  were  those  already  mentioned,  together  with  tho 
magustulis,  dornlis,  palatini,  Ac.  The  second  were  those  exhi- 
bited by  private  persons  to  please  the  people,  as  tbo  combats  of 
gladiators,  the  scenic  games,  and  other  auiphitliratrical  sports. 
The  ludicrous  games  were  much  of  the  SRmc  nature  with  tho 
games  of  exercise  and  hazard  among  us  ; such  were  the  ludus 
trojauus,  tessrne,  tali,  trochus,  &c. 

Game.  It  is  a maxim  of  the  common  law,  that  goods  of 
which  no  person  can  claim  tny  property,  belong  to  the  king: 
hence  those  animals,  (fora  naturae,)  which  come  under  tbo 
denomination  of  game,  are  styled  in  our  laws  bis  majesty’s 
game;  and  that  which  be  lias,  he  may  grant  to  another ; in 
consequence  of  which,  another  may  prescribe  to  have  the  same 
within  such  a precinct  or  lordship.  And  h*nce  originated  the 
right  of  lord*  of  manors,  or  other*,  to  the  game  within  their 
respective  liberties.  For  the  preservation  of  these  species  of 
animals,  for  the  recreation  and  amusement  of  persons  of  for- 
tune, to  whom  tho  king  has  granted  the  same,  various  acts  of 
parliament  have  been  made.  To  entitle  any  one  to  kill  game, 
he  most  now  lake  out  a certificate,  upon  which  a stamp  duty  is 
payable.  There  are  innumerable  acts  of  parliament  inflicting 
penalties  on  persons  illegally  killing  game,  and  some  of  them 
exceedingly  severe,  extending  even  to  transportation.  Yet, 
whilst  so  many  persons  of  great  wealth  have  not  otherwise  tho 
means  of  procuring  game  except  by  porchaac,  and  are  desirous 
of  having  it,  the  encouragement  Uius  given  to  pnacluag  will 
continue  to  render  oil  game  laws  nugatory  as  to  the  effect 
intended.  It  is  not  lawful  for  qualified  persons  to  kill  game  at 
all  seasons.  The  time  for  sporting,  in  the  day,  is  from  one 
hour  before  sun -rising,  until  one  honr  after  sun -setting. 
10  Geo.  III.  c.  10.  For  bustards,  the  sporting  is  from  Dec.  1 to 
March  l.  Forfcrou.se,  or  red  grouse,  from  Aug.  11  to  Dec.  10. 
Hares  may  be  killed  all  the  year  under  the  restrictions  in  10 
Geo.  III.  e.  10.  Heath  fowl,  or  black  game,  from  Ang.  20  to 
Dec.  20.  Partridges,  from  Sept.  I to  Feb.  12.  Pheasants, .from 
Oct.  1 to  Feb.  1.  Widgeons,  wild  ducks,  wild  geese,  wild 
fowls,  at  any  timo  but  in  June.  July,  August,  and  September. 

GAM  ELION,  in  Ancient  Chronology,  was  the  eighth  month 
of  the  Athenian  year,  containing  29  days,  and  answering  to 
the  latter  part  of  our  January  and  beginning  of  February. 

GAMING,  Laws  of.  These  are  founded  on  the  doctrine  of 
chances.  De  Moivre,  in  his  treatise  De  Mensnm  Sortis,  has 
computed  the  variety  of  chances  in  several  cases  that  occur  in 
gaming,  the  laws  of  which  may  be  understood  by  what  follows. 
Suppose  p tho  number  of  cases  in  which  on  event  may  happen, 
and  q the  number  of  cases  wherein  it  may  not  happen,  both 
sides  have  the  degree  of  probability,  which  is  to  each  other  as 
p to  q.  If  two  gamesters,  A and  B,  engage  on  this  footing, 
that  if  the  cases  p happen  A shall  win ; but  if  q happen,  11 

shall  win,  and  the  stake  be  n;  the  chanco  of  A will  be  — . 
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q a 

and  that  of  B hence,  if  they  sell  the  expectancies, 

they  should  have  that  for  them  respectively.  See  Chances. 

GAMMONING,  seven  or  eight  turns  of  a rope,  passed  over 
the  bowsprit,  and  through  a large  hole  in  the  stem  or  knee 
of  the  head,  alternately,  and  serving  to  bind  the  inner 
qoarter  of  the  bowsprit  close  down  to  the  ship's  stem,  in  order 
to  enable  it  the  better  to  support  the  stays  of  the  foremast; 
after  all  the  turns  are  drawn  as  firm  as  possible,  the  opposite 
ones  are  braced  together  under  the  bowsprit  by  a Trapping. 

GAMUT,  or  Gam-ut.  in  Musio,  a scale  on  which  we  may 
learn  to  sound  the  mnsical  notes  ui,  re,  mi, fa,  sol,  la,  in  their 
several  orders  and  dispositions. 

GANG,  a select  aumber  of  a ship's  crew  appointed  on  any 


particular  service,  and  commanded  by  an  officer  suitable  to  the 

occasion. 

Gang  Board,  a plank  or  board,  with  several  cleat*  or  steps 
nailed  to  it,  for  the  convenience  of  walking  into  or  out  of  a 
boat  upon  the  shore,  where  tho  water  is  not  deep  enough  to 
float  the  boat  close  to  the  landing  place. 

Gang,  or  Gangue,  in  Mineralogy,  is  a word  nsed  by  German 
mineralogists  to  denote  a metallic  vein.  But  according  to  the 
French,  it  denotes  the  stony  matter  which  accompanies  the  ore 
in  the  vein. 

GANGRENE,  is  a great  and  dangerous  degree  of  inflam- 
mation wherein  the  parts  begin  to  be  in  a state  of  mortification. 

G ANGWAY,  a narrow  platform,  or  range  of  planks,  laid 
horizontally  along  the  upper  part  of  a ship's  side,  from  the 
quarter  deck  to  the  forecastle,  and  is  peculiar  to  ships  that  are 
deep  waisted,  for  the  convenience  of  walking  more  expedi- 
tiously fore  aud  aft,  than  by  descending  into  the  waist:  it  is 
fenced  on  the  outside  by  iron  stanchions,  and  ropes  or  rails, 
and  in  vessels  of  war  with  a netting,  in  which  part  of  the  ham- 
mocks are  stowed.  In  merchant  ships,  it  is  frequently  called 
the  gang~boartI. 

Gangway,  is  also  that  part  of  a ship's  side,  both  within  and 
without,  by  which  persons  enter  and  depart ; it  is  provided 
with  a sufficient  number  of  steps,  or  cleats,  nailed  upon  the 
ship’s  side,  nearly  as  low  as  the  surface  of  the  water,  and  some- 
times furnished  with  a railed  accommodation  ladder,  resembling 
a flight  of  stairs  projecting  from  the  ship's  side,  and  secured  by 
iron  braces. 

Gangway,  is  also  used  to  signify  a narrow  passage  left  in 
the  hold,  when  a ship  is  laden,  in  order  to  enter  any  particofar 
place  as  occasion  may  require,  whether  to  examine  the  situa- 
tion of  the  provisions  or  cargo  ; to  discover  and  stop  a leak,  or 
to  bring  out  any  article  that  is  wanted.  Finally,  Gangwmg 
implies  a thoroughfare,  or  narrow  passage  of  any  kind. 

To  bring  to  the  Gangway,  a phrase  signifying  to  punish  a 
seaman  by  seizing  him  up  and  flogging  him  with  a ent-o’-nine- 
tails 

GANTLOPE,  or  Gauntlope,  vulgarly  pronounced  Gantlet, 
a race  which  a criminal  is  sentenced  to  ran  in  a vessel  of  war, 
for  felony,  or  some  other  heinous  offence.  It  is  executed  in 
thejollowing  manner : — The  whole  skip's  crew  is  disposed  in 
two  rows,  stsnding  faco  to  faoe  on  both  side*  the  deck,  so  as 
to  form  a line  whereby  to  go  forward  on  one  side  and  aft  on 
tbo  other,  each  person  being  famished  with  a small  twisted 
cord  called  a knittie,  having  two  or  three  knots  upon  it ; tho 
delinquent  is  then  stripped  naked  above  the  waist,  ami  ordered 
to  pass  forward  between  the  two  rows  of  men  on  one  side  and 
aft  on  the  other  side,  a certain  number  of  times,  rarely  exceed- 
ing three,  during  which  every  person  gives  him  stripes  as  ho 
runs  along;  in  his  passage  he  is  sometimes  tripped  op  and 
severely  handled  while  incapable  of  proceeding;  this  punish- 
ment, v hicb  is  called  running  tke  gantlet,  is  seldom  inflicted 
except  for  such  crimes  ns  naturally  excite  general  antipathy 
amongst  the  seamen. 

GARBOARD-STREAK,  the  first  range  or  streak  of  planks 
laid  upon  a ship’s  bottom,  next  the  keel,  througfmut  the  whole 
length  of  the  iioor.  The  edge  of  this  plank  is  let  into  a groove 
or  channel  in  the  side  of  the  keel,  which  is  called  the  rabbet  of 
the  gnrboard-streak. 

GARDENING.  This  art.  so  natural  to  man,  may  he  divided 
uilo  two  branches,  practical  and  picturesque.  A garden, 
properly  speaking,  is  a small  spot  of  ground  attached  to  the 
house.  As  the  house  is  itsell  a regular  and  formal  object,  so 
we  naturally  expect  something  of  the  same  regularity  in  this 
appendage.  Neatness  too  is  one  of  the  chief  excellences  of  a 
garden,  and  this  is  wholly  inconsistent  with  a rage  for  tho  pic- 
turesque. See  Loudon's  Cyci.op*dia  of  Gardening. 

The  situation  of  a garden  should  be  dry,  rather  low  than 
high,  and  sheltered  from  the  north  and  east  winds.  These 
points  of  the  compass  should  be  guarded  against  by  a wall  ten 
feet  high ; lower  walls  do  not  answer  so  well  for  fruit  trees. 
A garden  should  bn  so  situated,  as  to  be  as  much  warmer  as 
possible  than  the  general  temper  of  the  air  is  without,  or  ought 
to  he  made  warmer  by  the  ring  and  subdivision  fences.  A 
garden  may  be  square,  hot  in  oblong  is  preferred,  and  the  area 
rather  a level ; or  if  there  is  a slope  it  should,  bo  southward,  a 
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point  either  to  the  east  or  west  not  much  signifying ; but  not 
to  the  north,  if  it  can  be  avoided,  because  crops  come  in  late, 
and  plants  do  not  stand  tbe  winter  so  well  in  sucb  a situation. 
A garden  with  a northern  aspect  has  advantages,  being  cooler 
for  some  summer  productions. 

Tbe  best  soil  for  general  cultivation  is  a loam,  rather  red  than 
black.  The  worst  is  a cold  heavy  clay,  and  tbe  next  a light 
sand  ; a moderate  clay,  however,  is  better  than  a light  soil, 
though  not  so  pleasant  to  work.  The  aspect  of  the  wall 
designed  for  the  best  fruits  may  be  fall  south  ; or  inclining  to 
east,  by  which  it  will  catch  the  sun's  rays  at  its  rise,  the  cold 
night-dews  be  earlier  dissipated,  and  the  scorching  rays  of 
the  afternoon  sun  are  sooner  olf.  By  thus  having  tbe  walls  of 
a garden  not  directly  to  the  four  points,  the  north  wall  is 
greatly  advantaged  by  having  more  run. 

Tbe  border  next  this  wall  should  be  of  good  earth,  about 
two  feet  deep,  rising  a little  towards  the  wall.  A free  mode- 
rate loam,  or  some  fresh  maiden  soil,  not  too  light,  is  essential 
to  make  the  borders  promising  good  ; and  in  order  to  this,  if 
manure  is  necessary,  let  it  be  that  of  rotted  vegetables,  or 
turf,  with  wood  ashes;  for  the  roots  of  fruit-trees  should  not 
meet  with  much  dung,  at  least  of  horses ; that  of  cows  is  tbe 
best,  or  that  of  sheep  or  bogs  will  do  well  rotted,  well  mixed, 
&r.  being  worked  in  the  borders  as  long  os  possible  before  the 
trees  are  planted. 

If  a garden  is  large  and  square,  a second  south  wall,  running 
down  the  middle  of  it,  would  be  useful;  and  so,  if  Urge  and 
long,  a cross  wall  or  two  might  be  adopted,  as  giving  oppor- 
tunity for  the  cultivation  of  more  trained  fruit-trees;  and  if 
there  is  any  idea  of  forcing  fruits,  these  inter  see  ting  walls, 
ranging  cast  and  west,  are  proper  for  it,  (as  situated  within  the 
ring  fence,)  furnished  with  flues.  Ac.  The  best  fruit  border 
being  prepared  for  peaches,  nectarines,  and  apricots,  or  vines 
aud  figs,  tbe  trees  should  lake  their  residence  there,  (if  the  leaf 
is  falling,)  about  the  latter  part  of  October.  If  the  middle  of 
December  is  past,  February  is  then  the  time  ; though  gardeners 
plant  all  winter,  if  tbe  weather  is  open  enough  to  work  the 
ground.  March,  however,  may  do,  or  even  the  beginning  of 
April. 

Wall  trees  should  not  be  older  than  two  years  from  grafting 
or  budding.  Except  in  floe  situations,  never  plant  early  and 
late  peaches ; as  the  first  utay  be  eut  off,  and  the  latter  not 
ripen.  The  distance  to  plant  should  be  about  twelve  inches 
from  tbe  wall:  and  let  apricots,  peaches,  and  nectarines  be 
twenty  feet  asunder,  or  according  to  live  bright  of  the  wall; 
though  for  the  small  early  sorts  fifteen  or  sixteen  feet  will  do. 
As  the  larger  apricots,  however,  grow  freely,  and  do  not  well 
endure  the  knife,  they  ought  to  have  twenty-live  feet  allowed 
them.  This  is  for  a wall  nine  or  too  feet  high;  if  higher,  the 
distance  may  be  less,  and  if  lower,  tbe  contrary.  Fig  trees 
require  as  muoh  room  as  the  apricot,  or  rather  more;  as  thev 
grow  freely,  and  are  to  extend  without  shortening.  Tbougn 
other  trees  are  best  planted  in  October,  the  fig  should  not  be 
till  March.  The  intermediate  spaces  between  peaches,  necta- 
rines, and  apricots,  may  have  a vine,  a dwarf  cherry,  or  eurrant 
or  gooseberry  tree  of  tbe  early  sorts,  as  tbe  smooth  green  and 
small  red,  to  come  in  early.  But  wherever  grapes  can  be 
expected  to  ripen,  there  let  a young  plant  or  cutting  be  set, 
though  the  space  should  be  confined;  for  the  vine,  freely  as  it 
shoots,  bears  the  knife  well  to  keep  it  within  bounds.  If  the 
wall  is  high,  the  cherry  or  plum  may  be  half- standards ; which 
being  after  a while  kept  above,  will  be  more  out  of  the  way  of 
the  principal  trees ; though  dwarfs  may  bu  trained  so  as  not  to 
interfere.  Some  have  planted  ball. standards  of  the  same 
kind  of  fruit  as  the  dwarfs;  but  whichever  mode  is  adopted, 
let  tbe  intermediate  trees  be  pruned  away  below  in  good  time, 
in  order  to  accommodate  tbe  principals  freely  as  they  mount 
and  extend. 

Plums,  cherries,  and  pears,  may  occupy  the  other  walls  ; the 
two  former  at  about  fifteen  feet,  or  it  may  be  twenty  feet 
asander.  Cherries,  except  tbe  morella,  will  not  do  well  in  a 
full  north  aspect;  but  any  sort  of  plum  (rather  a late  one) 
and  summer  pears,  and  also  nut  trees,  will,  if  you  choose  to  traiu 
them.  There  should  always  be  some  currents  and  gooseberries 
hi  an  east  and  north  situation,  at  the  distance  of  right  feet, 
where  they  will  bo  easily  malted,  w hen  ripe,  to  come  iu  late, 


as  October,  November,  or  perhaps  December.  Pear  trees  of 
free  growth  are  hardly  to  be  kept  wilhin  tolerable  compass  on 
low  walls ; but  if  attempted,  should  have  at  least  thirty  feet 
allowed  them.  The  best  sorts  of  winter  pears  deserve  a south- 
erly wall  to  ripen  them  well,  and  improve  them  in  size  and 
flavour.  The  gable  end  of  a house  is  well  adapted  for  a pear- 
tree.  as  it  affords  room,  which  they  require.  Apples  may  dowell 
on  a wall,  (and  if  any  on  a good  wall,  let  it  be  the  golden  pippin,) 
yet  tbe  practioe  is  seldom  adopted.  For  furnishing  walls,  choose 
trees  of  moderate  wood.  young,  well  rooted,  dean,  and  healthy. 

When  tbe  planting  of  a garden  is  finished,  it  will  be  a good 
way  to  have  a plan  of  it  taken,  with  the  name  of  every  pecu- 
liar tree  marked  on  it  in  its  place,  to  bo  assured  of  tbe  sorts 
when  they  come  to  bear.  Here  it  may  be  observed,  that  if  any 
evergreen  hedges  arc  desired  in  or  about  the  garden,  yew, 
box,  alaternus  rclastrus,  phillyrea. and  py racantha.  may  be  kept 
low.  and  clipped  in  form,  if  so  desired  ; in  addition  to  which, 
if  a few  roses  were  intermixed,  it  would  have  a very  pretty 
effect.  A deciduous  hedge  for  subdivision,  or  screen.  &cc. 
may  be  made  of  elms  or  limes,  setting  the  larger  plants  at  five 
feet  asunder,  and  a smaller  one  between.  Or  an  ordinary 
fence,  or  subdivision,  may  be  quickly  formed  of  elder  cuttings 
stuck  in  at  two  feel  asunder,  which  may  be  kept  cut  witbiu 
bounds. 

A wide  body  next  tbe  south  wail,  as  was  said,  is  best  for  tbe 
trees  ; and  moreover,  for  the  many  uses  that  may  be  made  of 
it  for  the  smaller  early,  or  late  tender  esculents,  and  a few 
earlier  cauliflowers.  For  the  sake  uf  a pleasant  warm  walk  in 
spring,  to  have  the  souib  border  narrow  may  be  desirable; 
but  on  iu?  account  let  it  be  less  than  six  feet.  Take  care  that 
Uiis  walk  is  not  sunk  too  much ; and  that  it  have  a bottom  of 
good  earth,  as  deep  as  where  the  trees  are  planted.  Let  the 
body  of  gravel  be  thin,  and  then  the  roots  of  the  trees  will  bo 
admitted  to  run  properly  under  the  walk,  and  find  wholesome 
nourishment;  where,  if  they  were  stopped  by  rubbish,  they 
would  be  apt  to  canker,  and  irrevocably  disease  Hie  trees. 
Tbe  number  and  breadth  of  the  walks  roust  in  a measure  be 
determined  by  the  quantity  of  allotted  ground ; exceeding  in 
these  particulars  where  there  is  room.  But  few  and  wide 
walks  are  better  than  many  aud  contracted.  If  edgings  are  to 
be  made,  in  order  to  separate  between  the  earth  and  gravel, 
especially  if  of  stone  or  wood,  or  box,  they  should  be  done 
first,  and  they  will  be  a good  rule  to  lay  the  box  by.  Grass 
walks  may  answer  where  gravel  is  scarce.  Camomile  has  been 
also  used  to  form  green  or  carpet  walks,  planting  it  in  sets 
about  nine  or  ten  inches  asunder ; which  naturally  spreading,  the 
runners  are  fixed  by  walking  on  them,  or  rolling.  Sand  may 
be  adopted  for  walks,  but  lay  not  auy  of  it  too  thick,  as  it  is 
the  less  firm  fur  it  Coal-ashes  strewed  thinly  in  the  alleys  are 
better  than  nothing,  as  they  at  least  serve  to  keep  tbe  feet  dry. 
Sca-shetls  make  very  good  walks. 

AU  trees  dosignod  to  be  planted  are  to  be  thought  of  before 
winter.  Those  of  the  wall  have  been  spoken  of;  and  as  to 
standards,  they  must  have  a fair  depth  of  good  soil  to  grow  in ; 
for  it  should  be  remembered,  that  tree  roots  in  a garden  are 
prevented  from  runniog  over  the  surface,  as  they  do  in  an 
undisturbed  orchard.  It  is  necessary  that  some  caution  should 
be  used  not  to  dig  tbe  ground  too  near  and  too  deep  about 
garden  trees,  lest,  loosening  the  roots,  they  should  not  be  able 
to  stand  the  wind  ; aud  because  the  nearer  the  surfaco  any  root 
grows,  the  more  and  choicer  fruit  tlic  tree  bears.  But  tbe 
fewer  standard  trees  in  a garden  tbe  better,  as  they  lake  up 
much  room,  and  by  their  shade  prevent  tbe  proper  growth  of 
vegetables  that  are  near  them : so  that  if  a garden  is  small 
there  should  be  no  trees  except  those  of  the  wall.  The  case  is 
different  where  there  is  ample  room  ; and  the  blossoms  of  fruit 
trees  are  so  delightful,  that  if  they  produced  nothing  for  the 
palate,  there  would  be  a sufficient  inducement  to  plant  them 
for  ornament;  but  let  them  be  dwarf  standards  in  preference 
to  espaliers. 

Dwarf  standards  occasion  less  trouble  to  keep  them  in  order 
than  espaliers,  and  are  generally  more  productive ; for  espalier 
trees  are  seldom  managed  well, and  thus  appear  unsightly:  at 
beat  they  are  stiff  and  formal,  and  obstruct  the  sight  in  viewing 
the  quarters  oft  garden,  which,  if  in  order,  are  worthy  of  coming 
under  tho  eye. 
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If  any  espaliers  are  planted,  let  them  be  only  fruit  of  the  best 
sorts,  and  in  spacious  gardens,  where  they  may  have  a good 
length  and  height  allowed  them  to  grow  freciv.  They  should 
rather  be  trained  to  sawed  materials  properly  framed  together, 
smoothed  and  painted.  But  for  a year  or  two  they  may  be 
fastened  to  light  stakes,  when  they  will  have  formed  a head,  to 
begin  to  train  them  for  bearing  in  the  neat  manner  proposed, 
that  is,  to  slips  of  deal  joined  to  light  oak  posts,  as  trellises. 
Whether  the  slips  arc  placed  perpendicularly  or  longitudinally, 
seems  indifferent.  If  the  longitudinal  mode  of  training  is  the 
best  approved,  strong  iron  wire  may  be  recommended  to  run 
through  the  posts  instead  of  slips  of  wood,  as  it  shades  less, 
and  is  stronger  and  neater.  If  upright  slips  are  used,  they 
should  be  slender,  and  from  six  to  eight  inches  distant,  accord- 
ing to  the  greater  or  less  freedom  of  the  natural  growth  of 
the  tree. 

Apples  should  be  allowed  24  feet,  and  pears  30,  except 
those  grafted  on  paradise  or  quince  stock,  for  which  little  more 
than  half  this  distance  may  answer.  Cherries  and  plnms 
should  have  about  18  or  20  feet  allowed  them.  Quinces,  med- 
lars, mulberries,  and  filberds,  may  also  be  espaliered.  The 
trees  should  be  planted  about  a yard  from  the  edge,  but  farther 
off  is  better,  if  the  walks  lie  deep  of  gravel  or  poor  materials. 

Currants,  gooseberries,  and  raspberries,  do  well  espaliered, 
as  to  a production  of  early  and  fine  fruit. 

Trees  of  a more  humble  nature,  and  shrubs,  next  occupy 
attention  in  furnishing  a garden.  Currants  and  gooseberries 
(as  bushes)  should  be  planted  three  feet  from  the  edge,  and  full 
six  feet  asunder.  Some  of  these  very  useful  shrubs  should 
grow  in  every  aspect  of  the  garden,  in  order  to  have  a succes- 
sion of  their  fruits  as  long  as  may  be.  Those  who  choose  to 
plant  whole  quarters  of  currants  and  gooseberries,  ought  to  do 
U at  six  feet  asunder  in  the  rows,  and  the  rows  eight  feet  from 
one  another. 

Raspberries  maybe  set  in  plantations,  in  rows  five  feet  asun- 
der, allowing  three  feet  between  the  plants.  These  shrubs  are 
always  best  by  themselves,  as  otherwise  tbeir  suckers  over-run 
the  quarters.  Between  rows  of  raspberries  planted  at  the 
above  distance,  coleworts,  early  cabbages,  cauliflowers,  and 
lettuces  may  be  set,  or  spinach  sowed  in  drills;  the  raspberries 
having  had  their  pruning  and  dressing  early  in  autumn  for 
the  purpose.  £very  year,  a little  short  manure,  dug  in  clove 
about  the  roots,  (and  deeper  as  the  plantation  gets  older,)  will 
ensure  fine  fruit.  Raspberries  are  not  very  nice  as  to  soil  and 
situation.  The  smooth-wooded  or  cane-rasp  is  to  he  preferred 
for  a principal  crop.  The  large,  white,  or  Antwerp,  is  also 
good. 

Strawberries  may  be  planted  at  the  edges  of  borders  and 
uuarters,  cither  in  single  or  double  rows,  (rather  the  latter)  for 
the  convenience  of  gathering,  and  for  ornament,  but  the  com- 
mon and  best  way  is,  in  four-feet  beds,  with  eighteen-inch  or 
two-feet  alleys,  on  which  beds  may  be  five  rows  of  the  wood 
and  alpine,  four  of  the  scarlet  and  pine-apple,  three  of  the 
Carolina,  and  two  of  the  Chili ; setting  the  plants  at  the  sams 
distance  in  the  rows  as  the  rows  are  from  one  another  in  the 
quincunx  order.  In  a good,  cool,  loamy  soil,  which  suits  them 
best,  a little  more  distance  may  be  allowed  the  first  four  sorts; 
and  in  a quite  dry  light  soil,  somewhat  less,  that  they  may 
shade  one  another  the  better  from  drought  The  best  situation 
for  strawberries  is  an  open  and  sunny  one,  as  thus  they  bear 
more  and  finer-flavoured  fruit  Some  of  the  scarlets  should  be 
planted  under  warm  walls,  to  come  early.  The  woods  bear 
shade  as  natural  to  them,  and  the  alpioes  do  tolerably  well  in 
it  The  most  proper  time  for  planting  the  strawberry  is  the 
first  moist  weather  in  September,  (or  even  earlier,)  that  they 
may  be  established  in  the  ground  before  winter,  and  they  will  bear 
tbc  better  the  first  year.  Frost  is  apt  to  throw  up  late-planted 
ones,  and  injures  if  not  destroys  them.  Those  planted  in 
spring  often  suffer  from  drought,  and  bear  very  little  the  first 
year,  except  tbc  alpincs.  Choose  forward  runners  for  plant- 
ing, and  let  them  be  from  beds  in  fall  bearing,  that  is,  of  two 
or  three  years  old,  for  plants  from  old  beds  are  not  so  fruitful. 
Press  the  mould  to  the  roots,  give  them  a watering,  and  again 
once  or  twice  if  the  weather  proves  dry.  Some  gardeners  let 
them  run  over  the  beds,  wnich  in  a dry  light  soil  may  be 
proper;  but  in  this  case,  a greater  distance  should  be  allowed 


them  at  planting.  If  the  alpine  sort  is  planted  on  a warm 
border,  eighteen  inches  asunder,  and  suffered  to  spread,  the 
first  runners  will  fruit  the  same  year,  and  sometimes  this 
prolific  strawberry  bears  till  November. 

Fresh  plantations  of  strawberries  shonld  be  made  every 
fourth  year,  though  in  a good  soil,  and  with  good  management, 
they  will  continue  longer;  so  that  where  they  are  suffered  to 
run,  the  plants  being  frequently  renewed,  and  old  ones  removed, 
beds  have  borne  tolerably  for  ten  years.  The  watering  of 
strawberries  should  not  be  neglected,  doing  it  almost  daily 
when  in  flower,  and  setting  their  fruit,  if  the  weather  proves 
dry,  particularly  to  those  under  a warm  wall ; but  this  is  not  to 
be  continued  when  the  fruit  is  nearly  ripe. 

Flowering  shrubs  may  he  dispersed  about,  and  herbaceous 
perennial  flowers  ; but  plant  them  not  too  near  the  edge,  lest 
they  hang  over  the  walks.  The  bulbous  sort  may,  however, 
be  within  six  inches,  especially  crocuses  and  snow-drops. 

Asparagus  and  artichokes  take  up  much  room,  and  in  small 
gardens  may  therefore  be  left  out.  It  will  be  of  little  use  to 
have  less  than  60  or  00  feet  of  asparagns-beds,  as  there  would 
be  so  few  beads  to  cut  at  a time ; and  artichokes  must  be  planted 
wide.  Let  not  potherbs  be  forgotten,  but  provide  a general 
herbary  in  that  part  of  the  garden  which  is  warmest,  and  best 
shaded,  for  these  are  tender  plants. 

Having  spoken  of  stationary  things,  the  routine  of  tho 
seasons  must  dictate  the  rest;  and  the  inclinations  of  the 
palate  will  refresh  the  memory  to  take  care  of  providing; 
the  most  necessary  and  agreeable  esculents  for  dressing,  and 
raw  salads. 

Perennial  flowers  have  been  mentioned  ; but  let  fancy  direct 
as  many  annuals  and  biennials  to  be  cultivated,  as  room  can 
conveniently  be  found  for,  that  the  garden  may  be  as  much  as 
possible  ornamented. 

In  furnishing  a garden  with  shrubs  mid  flowers,  respect 
should  be  had  to  their  usual  height,  their  bulk,  colour,  and 
season,  that  the  mixture  may  be  properly  varied,  harmo- 
nious to  the  eye.  and  come  in  regular  succession.  Tbe  latter 
part  of  the  year  is  seldom  provided  for  so  well  as  it  might  be; 
late  flowers  should  be  set  in  warm  situations,  as  their  proper 
place.  In  the  most  dreary  months,  by  judicious  planting, 
evergreens  in  their  neat  and  cheerful  *4  winter  liveries,"  may 
be  viewed  from  onr  windows,  and  serve  instead  of  flowers. 

Those  who  garden  upon  a large  scale,  should  take  care  to 
have  every  thing  proper  and  convenient  liberally  provided. 
Let  there  be  a well-situated  place  for  hot-beds,  with  some 
building  as  a tool  house,  and  (if  dry)  for  keeping  bulbs,  seeds, 
and  herbs.  Those  also  who  garden  even  upon  a small  scale, 
will  do  well  to  have  every  needful  implement.  If  water  can  bo 
introduced  and  kept  clean  with  verdant  banks  around  it,  it 
would  be  found  very  useful  where  a garden  is  large  ; but  let  it 
be  as  near  tbe  centre  as  possible,  as  the  most  convenient 
situation.  It  should  be  fed  from  a pond  in  preference  to  a 
spring. 

Mixed  gardening,  as  comprehending  the  profitable  with  the 
pleasant,  has  been  the  subject  hitherto  ; but  if  the  flower  gar- 
den and  the  kitchen  garden  are  to  be  distinct,  the  case  is 
altered  ; not  so  much  indeed,  but  that  still  the  kitchen  garden 
should  be  adorned  with  a sprinkling  of  the  more  ordinary 
decorations,  to  skirt  the  quarters,  chiefly  those  of  the  most 
powerful  sweet  scents,  as  roses,  sweetbriars,  and  honeysuckles, 
wall  flowers,  stocks,  pinks,  mignonet. 

The  Flower-garden,  properly  so  called,  should  be  rather 
small  than  large ; and  if  a separate  portion  of  ground  is  appro- 
priated for  this,  only  the  choicest  flowers  should  be  introduced, 
and  cultivated  in  the  best  manner.  The  hrds  of  this  garden 
should  be  narrow,  and  consequently  the  walks  numerous;  and 
not  more  than  one-half  or  two-thirds  the  width  of  tbe  beds, 
except  one  principal  walk,  all  round,  which  may  be  a little 
wider.  The  gravel,  or  whatever  the  walks  are  made  of,  should 
lie  about  four  inches  below  the  edge.  The  beds  for  tulips, 
hyacinths,  anemones,  ranunculuses,  Ac.  may  be  three  and  a 
half  or  four  feet  wide,  and  those  for  single  flower*  the  same, 
or  ouly  two  and  a half  feet  wide  in  tbe  borders.  Let  tho  beds 
lie  rather  rounded  in  the  middle,  but  tbe  walks  flat.  Figured 
parterres  have  got  out  of  fashion,  as  a taste  for  open  and 
extensive  gardening  has  prevailed  ; but  when  tbe  beds  are  not 


GAR 


DICTIONARY  OP  MECHANICAL  SCIENCE. 


CAR 


357 


loo  fanciful,  but  regular  in  their  shapes,  and  chiefly  at  right 
angles,  al  ter  the  Chinese  manner,  an  assemblage  of  all  sorts  of 
flowers,  in  a fancy  spot  of  about  60  feet  square,  is  a delightful 
home  source  of  pleasure,  worthy  of  pursuit.  There  should  be 
neat  edgings  of  box  to  these  beds,  or  rather  of  neat  inch 
boards,  painted  lead  colour,  to  keep  up  the  mould.  Be  sure 
to  keep  the  box  from  the  very  first,  as  soon  as  rooted,  and 
nlwavs  after,  as  low  as  possible  i clip  it  twice  a year,  April 
and  July. 

Landscape  or  Picturesque  Gardening,  is  so  much  the  work 
of  fancy,  and  so  much  depends  upon  the  situation,  or  wbat 
Brown  and  London  call  the  capability  of  the  place,  that 
that  no  precise  rules  can  be  laid  down  concerning  it.  All, 
therefore,  that  can  be  expected,  is  a few  loose  hints,  on  which  the 
man  of  taste  may  improve  according  to  circumstances.  The 
pleasure  we  seek  in  laying  out  gardens,  is  now  justly  founded 
upon  the  principles  of  concealed  art,  which  appears  like  nature ; 
but  still,  whether  ingenious  contrivances,  and  decorations, 
(altogether  artificial,)  should  be  so  entirely  laid  aside  as  they 
axe,  may  deserve  to  be  considered.  Perhaps  the  works  of  the 
statuary  might  still  be  introduced,  if  well  executed,  and  in 
roper  places,  A terrace, as  a boundary,  is  now  srldoiu  formed, 
ut  in  some  situations  such  an  eminence  might  in  several 
respects  bo  agreeable. 

If  trees  arc  planted  injudiciously,  the  error  is  a trifle,  but  if 
cut  down  so,  the  consequence  is  serious,  and  has  often  been 
sorely  lamented  ; extirpation  should  therefore  be  well  thought 
of  before  it  is  executed,  especially  trees  about  bouses,  for 
many  dwellings  have  been  thus  too  hastily  exposed,  and  deprived 
of  comfortable  shelter  and  shade.  Hilly  spots  that  are  in  view 
of  the  bouse  should  be  planted  with  firs,  as  fine  looking  trees, 
and  very  hardy.  Beech  does  well  on  high  ground,  especially 
if  chalky.  In  low  ground,  not  to  mention  alders,  and  that 
tribe,  the  birch,  and  even  the  oak,  should  not  be  forgotteu, 
where  the  wet  does  not  long  stand. 

About  the  house  some  shady  walks  ought  always  to  be  pro- 
vided. by  thick  planting,  if  not  of  trees,  yet  of  flowering  shrubs, 
and  evergreens,  of  which  the  laurel  will  be  found  the  most 
useful.  Those  who  have  much  space  of  ground  to  decorate,  do 
well  to  plant  trees,  and  shrubs  of  every  kind,  as  enlarging  the 
sources  of  amusement : but  if  the  allotment  of  ground  for  this 
purpose  is  contracted,  then,  of  course,  those  only  should  be 
planted  which  by  their  neat  foliago,  natural  symmetry,  and  gay 
flowers,  may  he  trnly  esteemed  ornamental.  The  walks  should 
always  be  wide,  some  inclining  to  serpentine,  and  contrived  as 
much  as  possible  upon  a level,  as  walking  up  and  down  hills 
can  hardly  be  called  pleasure.  That  they  may  be  extensive, 
they  should  skirt  the  grounds  and  seldom  go  across  them.  In 
small  pleasure  grounds  the  edges  of  the  walks  should  be  regu- 
larly planted  with  (lowers,  and  long  ones  occasionally  go,  or 
with  the  most  dwarf  shrubs  ; and  neat  sheltered  compartments 
of  flowers  (every  now  and  then  to  be  met  with)  have  a pretty 
effect.  If  Ute  walks  are  extended  to  distant  plantations  of 
forest-trees,  every  opportunity  should  be  taken  to  introduce 
something  of  the  herbaceous  flowery  kind,  which  will  prove  the 
more  pleasing,  as  found  in  unexpected  situations.  Tho  outer 
walk  of  pleasure  grounds  and  plantations  should  every  now 
and  then  break  into  open  views  of  the  country,  and  to  parts  of 
the  internal  space,  made  pleasing,  if  not  striking,  by  some 
work  of  art,  or  decoration  of  nature. 

Water  should  only  be  introduced  where  it  will  run  itself 
clear,  or  may  be  easily  kept  so,  as  also  in  full  sight ; and  some 
fall  of  it  should  be  contrived,  (if  possible)  for  the  sake  of 
giving  it  motion  and  sound,  because  a lively  scene  of  this  I 
element  is  always  much  more  pleasant  than  a dead  one.  Near  j 
some  pieces  of  water,  as  a cool  retreat,  it  is  desirable  that  there 
should  be  something  of  the  summer-house  kind  ; or  a simple 
rustic  arbour,  embowered  with  the  woodbine,  the  sweetbriar, 
the  jessamine,  and  the  rose. 

Before  the  design  of  a rural  and  extensive  garden  is  pnt  in 
execution,  it  ought  to  be  considered,  or  anticipated  what  it 
will  be  in  twenty  or  thirty  years'  time ; for  it  often  happens, 
that  a design  which  looks  handsome  when  first  planted,  and  in 
g'tod  proportion,  becomes  so  small  and  ridiculous  in  process  of 
time,  that  there  is  a necessity  either  to  alter  it  nr  destroy  it 
entirely,  and  so  plant  it  anew.  Landscape  gardening  depends 


touch  on  the  form  of  the  ground,  and  therefore  to  shape  that  is 
the  first  object.  Too  much  plane  is  to  be  guarded  against ; 
and  when  it  abounds,  the  eye  should  he  relieved  by  clumps,  or 
some  other  agreeable  object.  Hollows  arc  not  easily  filled; 
and  eminences  mostly  arc  advantageous  in  tho  formation  of 
pictoresque  scenes,  in  which  tho  general  principle  of  ornamen- 
tal gardening  consists. 

To  plant  pioturesquely,  a knowledge  of  the  characteristic 
differences  of  trees  and  shrubs  is  evidently  a principal  qualifi- 
cation. To  range  the  shrubs  and  small  trees,  so  that  they 
mutually  set  off  the  beauties,  and  conceal  the  blemishes,  of 
each  other;  to  aim  at  no  effects  which  depend  on  a nicety  for 
their  success,  and  which  the  soil,  the  exposure,  or  the  season 
of  the  year,  may  destroy  ; to  attend  more  to  the  groups  than  to 
the  Individuals ; and  to  consider  the  whole  as  a plantation,  not 
as  a collection  of  plants : are  the  best  general  rules  which 
can  be  given  concerning  them. 

The  Cultivation  of  a Garden. — The  first  object  with  a view  to 
produce  should  be.  to  keep  the  ground  in  such  a state  as  will 
enable  it  to  produce  good  crons.  Good  vegetables  cannot  he 
had  without  good  manure.  Yet  raw  unwrought  dung  is  not 
good  for  a garden.  The  most  economical  plan,  therefore,  that 
can  bo  pursued,  is  for  the  first  year  to  make  good  hotbeds  of 
your  dung,  and  spread  it  out  upon  the  quarters,  and  dig  it  in 
autumn  and  winter.  You  by  ibis  means  have  a double  pro- 
duce. and  the  dung  is  the  better 

Dung,  however,  used  in  great  quantities,  and  lying  in 
lumps,  breeds  worms,  grubs,  and  other  insects,  and  causes 
plains  to  grow  too  rampant  and  rank-flavoured.  Carrots  it 
cankers,  and  it  disagrees  with  many  things.  On  these 
accounts  some  persons  have  been  induced  to  dress  their  gar- 
dens only  with  rich  fresh  earth.  If  the  ground  is  in  proper 
heart,  every  spot  may  be  contrived  to  be  constantly  and 
successfully  cropped,  as  each  sort  of  plant  draws  a somewhat 
different  nourishment ; so  that  after  a full  crop  of  one  plant, 
one  of  another  kind  may  oftrn  be  immediately  sown  ; but  it 
should  be  contrived  that  a wide  crop  may  follow  a close  one, 
and  contrariwise.  Close  crops,  as  onions,  leeks,  carrots,  &c. 
are  conveniently  and  neatly  cultivated  in  beds  of  from  four  to 
five  feet  width,  with  alleys  of  from  a foot  to  eighteen  inches 
between  them. 

The  seasons  proper  for  furnishing  the  ground  with  every 
particular  vegetable,  should  be  well  attended  to,  that  each 
may  be  obtained  as  early  as  its  nature  will  permit;  and  of  the 
seeds  and  plants  we  use,  care  must  he  taken  to  procure  the 
best  of  the  kind,  le-t  after  nil  the  trouble  of  cultivation,  dis- 
appointment, as  to  quality,  should  ensue.  Seeds  and  plants 
should  be  adapted  as  much  as  possible  to  the  soil  and  situation 
which  best  suits  them.  The  thinning  of  seedling  crops  should 
be  done  in  time,  before  the  young  plants  have  drawn  one 
another  up  too  much.  All  plants  grow  stronger  and  ripen  better, 
when  the  air  circulates  freely  round  them,  and  the  sun  is  not 
prevented  from  an  immediate  influence. 

In  the  pricking  and  planting  of  crops,  be  sure  to  do  it  as 
early  as  may  be;  let  every  thing  be  regular.  Shading  of  new 
planted  things,  particularly  flowers,  is  of  much  benefit,  and  that 
in  proportion  ns  the  season  is  sunny. 

Strawberries  and  cauliflowers  arc  generally  watered  in  a 
dry  season;  that  is.  the  strawberries  when  in  bloom,  in  order 
to  set  tbc  fruit,  and  the  cauliflowers  when  they  shew  fruit,  in 
order  to  swell  the  head.  In  very  dry  weather,  asparagus  seed- 
lings, early  turnips,  rarrots,  radishes,  and  small  salads,  will 
need  watering.  Slips,  cuttings,  and  layers  of  any  kind,  will 
need  water.  Pots  of  flowers  must  have  it  frequently. 

When  watering  is  undertaken,  let  it  he  a complete  busioess, 
i,  e.  to  the  bottom  and  extent  of  the  roots,  as  much  as  may  be. 
Wetting  the  surface  of  the  ground,  however,  in  a summer's 
evening,  makes  a cool  atmosphere;  a dew  is  formed,  which 
pervades  the  leaves,  and  helps  to  fill  their  exhausted  vessels. 

Watering  the  roots  of  wall  trees,  (if  dry  weather,)  when  the 
fruit  is  setting,  is  by  some  thought  necessary.  To  young  trees 
only  it  can,  however,  he  of  use.  for  tho  roots  of  old  ones  ran 
far  and  wide;  and  it  is  the  small  fibres  of  these  distant  roots 
on  which  the  tree  chiefly  depends  for  food.  Vines  should 
have  no  water  till  they  are  offblossom,  (July)  and  the  fruit  as 
big  as  large  pins'  heads ; and  then,  if  the  season  is  very  hot. 
4 Y 
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and  dry,  watering  the  roots  twice  a week  will  help  the  fruit  to  I 
swell-  As  watering  is  apt  to  make  the  ground  hidebound  and  I 
unsightly,  let  the  surface  be  occasionally  stirred  and  raked, 
which  will  make  future  waterings  enter  the  ground  the  belter. 
Many  things  are  impatient  of  being  kept  wet  about  the  shanks, 
and  therefore  watering  should  be  generally  at  a little  distance. 
Rain  w ater  is  the  best  for  watering,  ns  appears  by  the  verdure 
and  vivacity  it  gives.  Pond  water  is  next  in  fitness,  and  river 
water  follows.  Well  water  is  of  least  account,  though  local 
circumstances  occasion  its  use  the  most.  Pump  w ater,  if  used 
directly,  is  so  cold  in  summer,  that  it  is  found  prejudicial  to 
plants;  and  great  cold  so  contracts  their  vessels,  that  they 
perform  their  proper  offices  with  difficulty,  and  become 
diseased. 

The  management  of  a garden,  as  somewhat  distinct  from  the 
cultivation  of  it,  is  an  object  of  consequence ; that  is,  to  keep  it 
in  such  order,  that  it  may  not  fail  in  those  general  impressions 
of  plcasuro  it  is  capable  of  affording,  when  things  arc  shewn  in 
their  best  manner.  A garden  may  he  cultivated  so  as  to  bn 
profitable,  and  yet  not  conducted  so  ns  to  be  agreeable  to  walk 
in,  which,  in  a private  garden,  is  a circumstance  surely  to  bn 
lamented.  The  proper  appearance  of  a w ell-managed  one  is 
expressed  by  the  word  Heat.  Let  all  be  done  that  can  be  in 
order  to  it.  To  bo  neat,  weeding  must  he  industriously  fol- 
lowed up,  and  nil  litter  that  is  made  in  working,  quickly  carrie  i 
Off.  The  ground  also  should  be  frequently  stirred  and  raked 
between  crops,  and  about  the  borders,  to  give  nil  a fresh  ap- 
pearance. There  is  a pleasantness  to  the  eye  in  new  broken 
earth  ; and  when  there  arc  no  flowers  left  in  the  borders,  this 
gives  an  air  of  culture,  and  is  always  agreeable.  An  asparagus 
fork  is  expeditious  and  useful  in  this  case  ; but  it  must  he 
slightly  used,  lest  it  disturb  the  roots  of  plants  too  much. 
Vegetables  should  not  be  suffered  to  rock  themselves  by  wind, 
so  as  to  form  holes  round  their  stems,  but  be  well  earthed  up, 
or  otherwise  supported. 

Trees  and  shrubs  should  be  constantly  freed  from  suckers 
and  dangling  shoots,  and  wall-trees  ought  to  be  regularly  kept 
in  order.  Grass  plats  and  walks  should  have  their  edges  occa- 
sionally cut,  and  be  mowed  as  often  as  there  is  the  least  bold 
for  the  scythe,  for  they  lose  much  of  their  beauty  when  the 
grass  gets  long;  leaves  should  not  be  suffered  to  remain  on 
them,  as  it  stains  the  grass,  and  worm-casts  should  be  cleared 
away.  Edgings  of  all  sorts  should  be  kept  in  good  order,  us 
having  a singularly  neat  effect  in  the  appearance  of  a garden. 

Some  fruits  may  need  support  by  tying  their  weak  branches 
when  they  get  heavy,  to  stakes,  Ac.  Rows  of  raspberries  and 
beans  are  kept  neatly  up  in  their  lines,  by  putting  in  here  and 
there  n stake,  and  using  packthread  lengthwise;  nod  thus  will 
they  bear  better,  and  be  more  conveniently  gathered.  Straw- 
berries of  fine  heavy  sorts,  will  be  preserved  from  getting  dirty 
and  rotten  by  tying  their  stems  to  little  sticks;  by  this  prac- 
tice, the  fruit  also  gets  better  ripened,  and  of  a finer  flavour. 
Some  persons  lay  tiles  or  moss  round  the  plants  when  the  fruit 
is  half-grown  ; but  this  is  not,  generally,  so  well,  only  it  has 
the  advantage  in  keeping  the  ground  cooler  in  a hot  season. 
The  first  and  finest  scarlets  host  deserve  this  trouble. 

Flowers  should  be  frequently  tied  up.  and  dead  and  dangling 
parts  trimmed  off.  Some  of  them  cannot  do  without  support, 
and  many  soris  arc  made  more  secure  and  beautiful  by  proper 
ties.  The  sticks  used  for  dowers  should  he  of  smooth  wood, 
as  neat  painted  slips  of  deal,  with  or  without  an  ornamental 
head:  white  is  the  best  colour,  on  account  of  its  contract  with 
the  leaves.  Decaying  flowers  should  be  timely  trimmed  or 
removed,  and  perennials  should  he  regularly  freed  from  the 
parts  running  to  seed,  (except  so  much  as  may  be  wanted,)  as 
the  production  of  seeds  w eakens  the  roots  much. 

Of  Propagation*.-—  Plants  are  propagated  by  seeds,  suckers, 
slips,  off-set«.  divisions. cuttings,  layers,  and  grafts.  By  seed, 
is  the  most  general  method  of  propagation,  and  plants  raised 
any  other  way  are  seldom  so  fine.  Those  plants  from  seed 
which  have  never  been  removed,  arc  commonly  handsomer,  and 
some  forwarder,  than  those  that  have  hern  transplanted,  pio- 
vided  they  arc  sown  in  a proper  soil  and  situation.  Com- 
monly speaking,  new  seed  is  to  be  preferred  to  old,  as  growing 
the  more  luxuriantly,  and  coming  up  the  surer  and  quicker. 
If  old  seed  is  knowingly  sown,  some  allowance,  in  point  of 


time,  must  be  made.  Pease  and  beans  of  two  years  old  are,  by 
some,  preferred  to  now,  as  not  running  so  much  to  straw.  As 
to  the  age  of  seeds  at  which  they  may  be  sown  and  germinate,  it 
is  uncertain,  and  depends  very  much  how  they  are  preserved. 

Seeds  should  be  saved  from  fine  forward  plants,  secured 
from  rocking  about  when  they  get  tall ; guard  them  against 
birds,  gather  them  regularly  as  ihey  ripen,  lest  they  are  shed 
and  lost,  and  keep  them  dry.  Curious  flower  seeds  nre  kept 
well  in  phials  ; others  may  be  put  into  small  drawers,  and  some 
hung  up,  or  laid  on  shelves,  in  their  pods.  Seeds  may  be 
forwarded  for  sowing  by  various  ways  of  promoting  a germina- 
tion before  they  are  put  into  the  ground.  Broad  and  kidney 
beans  may  be  put  into  soft  water  about  24  hours,  to  forward 
their  growth,  and  to  ascertain  their  vitality.  The  smaller  seeds, 
as  carrots,  &e.  may  he  prepared  for  sowing,  by  simply  mixing 
them  in  a little  moist  sand,  or  fine  earth,  taking  care  that  they 
do  not  lie  longer  than  the  usual  time  of  their  beginning  to 
sprout.  The  season  for  committing  seeds  to  the  ground  should 
be  as  early  as  the  nature  of  the  plant  to  be  cultivated  will  bear. 
Let  this  direction  for  early  sowing  be  understood,  not  only  of 
spriug,  but  autumn  crops;  that  the  plants  designed  for  winter 
use,  or  to  stand  for  spring,  may  be  strong,  and  well  established 
: in  the  ground,  though  for  those  designed  for  spring,  it  is 
advisable  to  have  two  or  three  different  sowings. 

To  be  sure  of  a crop,  and  in  some  things  a succession  of 
crops,  various  sowings  should  he  made  through  the  year  at  all 
times,  that  are  not  too  unnatural  as  to  season ; for  it  is  an 
object  in  gardening,  not  only  to  have  early  and  late  produc- 
tions, but  never  to  he  without  what  may  hr  produced.  Sow- 
ings, should  be  generally  performed  on  fresh  dug  or  stirred 
ground.  The  digging  should,  therefore,  he  done  as  near  the 
time  designed  to  sow  as  can  be.  If  the  ground  turns  up  raw 
or  wet,  as  early  in  the  spring  it  is  apt  to  do.  a little  time  mast 
be  allowed  it  to  dry,  and  so  also  if  rain  falls  first.  In  this 
case,  seed  should  he  sown  as  soon  ns  ever  the  ground  may  be 
trampled  on  without  hanging  to  the  feet.  The  proper  depth 
at  which  seeds  should  be  sown,  is  to  be  carefully  observed  ; if 
too  deep,  they  will  either  rot  or  not  thrive  well ; and  if  too 
shallow,  they  arc  liable  to  be  injuriously  affected  by  frost, 
wind,  drought,  or  birds  : but  of  the  two,  rather  too  shallow  than 
too  deep  is  the  best.  The  smaller  the  seed  the  finer  should  the 
soil  be,  and  the  less  also  the  covering;  so  that  while  some,  as 
the  seed  of  celery,  is  to  be  but  barely  covered  ; others,  as  pease 
and  beans,  may  have  a depth  of  two,  three,  or  four  inches.  But 
some  regard  is  to  be  had  to  the  season  and  soil ; in  a warm 
season,  and  light  soil,  sow  deeper,  and  the  contrary  in  shallower. 

The  quantity  of  seed  sown  is  a thing  to  he  attended  to  with 
some  exactness.  Small  seeds  go  a great  way,  and  require  a 
careful  hand  to  distribute  them  ; for  though  sowing  a little  too 
much  is  a trifle  as  to  the  value  of  seeds,  yet  to  have  them  cooio 
up  crowded  thick  is  an  evil. 

It  is  not  generally  advisable  to  sow  several  sorts  of  seed  on 
the  same  spot,  as  some  persons  are  accustomed  to  do.  Some 
little  tilings  of  this  sort  indeed  may  be  done,  as  a piece  of 
ground  newly  planted  with  horse-radish,  may  he  top-cropped 
with  radishes  or  spinach,  &c.  A thin  crop  of  onions  upon  new 
asparagus  beds,  may  also  take  place,  drawing  them  while 
young  from  about  the  plants.  All  seeds  come  up  best  when 
moderately  pressed  with  the  earth ; for  if  they  lie  too  lightly  in 
contact  with  it.  cold  and  drought  more  easily  affect  them ; and 
when  once  seeds  begin  to  germinate,  they  are  impatient  of 
both.  To  trample  seeds  is,  on  the  whole,  better  than  any  other 
pressure.  This  done,  lay  all  immediately  and  neatly  level  with 
a wide  rake,  drawing  off  stones,  &c.  but  do  it  lightly,  to  avoid 
driving  in  the  teeth  of  the  rake,  which  would  removo  the  seed, 
and  make  it  come  up  irregularly^ 

Propagation  by  suckers,  is  u mode  of  culture  peculiar  to 
trees  and  shrubs.  The  things  to  be  observed  in  this  business 
arc,  to  take  them  np  with  some  rare  from  the  mother  plant,  so 
as  not  to  injure  its  root,  nor  the  sucker’s  own  root,  by  pulling 
it  up  without  properly  loosening  it  first.  The  earth  should 
he  moved  aside  with  a trowel,  and  then  the  sucker  cut  off  with 
a knife.  Wherever  a root  appears  barked,  the  part  below 
should  be  cut  off.  If  it  is  desired  to  sncrced  well,  in  propa- 
gating by  suckers,  consider  that  nil  young  mots  are  tender; 
let  them  bo  trimmed  to  form,  aud  planted  immediately.  Sock- 
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ers  with  poor  root*  must  have  their  heads  reduced  the  more. 
Propagation  by  slips,  is  of  two  sorts,  either  from  the  root  or 
stem  ; and  several  sorts  of  flowers  and  herbs  are  Increased  this 
way.  When  from  the  roots,  if  the  whole  is  not  taken  up,  move 
the  earth  carefnlly  aside,  and  slip  off  by  a pressure  of  the 
thumb  and  linger,  and  be  cautious  of  hurting  the  fibres  of  the 
slips,  planting  with  good  mould  about  them.  Take  off  slips 
from  the  stem  carefully  by  the  push  of  the  thumb,  and  not  too 
many  from  the  same  plant,  as  it  is  apt  to  injure  the  place  by 
tearing  off  some  of  the  wood. 

Offset,  is  a terra  sometimes  applied  to  slips  from  fibrous  roots ; 
but  more  properly  so  from  bulbous  roots,  which  put  forth  many 
offsets.  These  are  slipped  away  at  the  time  they  arc  taken  up 
for  removal  or  replanting,  and  commonly  take  two  or  three 
years  before  they  bear  flowers;  dispose  of  them,  therefore,  in 
a nursery,  where  they  may  remain  undisturbed  till  they  come 
to  a flowering  state.  Division  of  the  roots,  is  a way  of  propa- 
gating many  sorts  of  plants.  To  this  cod,  of  course  they  must 
be  taken  up,  aud  then  either  carefully  pulled,  or  cut  asunder 
with  a sharp  instrument,  as  the  case  may  require.  It  is  not 
aafe.  however,  to  divide  such  roots  ioto  very  small  pieces.  The 
general  season  for  thus  splitting  fibrous-rooted  plants  is  Octo- 
ber, but  it  may  be  done  early  in  the  spring,  as  Fcbroary. 

Cuttings,  of  a variety  of  woody  plants,  will  grow,  and  many 
trees  and  shrubs  arc  propagated  this  way  ; but  their  sap  must 
be  of  a watery  nature,  as  those  plants  that  are  gummy  will  not 
strike,  (or  rarely,)  though  ever  so  much  care  is  bestowed  or 
time  allowed  them.  The  texture  of  the  wood  cuttings  must  he 
somewhat  soft,  as  hard-wooded  ones  will  not  grow.  The  sea- 
son for  setting  slips  and  cuttings  is  for  some  plants  summer,  as 
wall-flowers  and  myrtles;  and  for  most,  from  October  to 
March;  but  in  general,  the  sooner  the  better.  It  has,  how- 
ever, been  said,  that  spring  is  the  best  time  for  all,  and  that 
tbc  sap  should  bo  in  motion  first.  Cuttings  should  be  well- 
ripened  wood,  and  have  the  earth  pressed  to  them  tbc  whole 
length  they  arc  in  the  ground,  i.e.  from  four  to  six  inches. 
Cut  them  with  a sharp  knife  slopewise,  and  plant  in  a good 
soil,  so  situated  as  to  have  only  the  morning  sun,  and  keep  Ibetn 
cold  (not  wet)  by  occasional  watering  in  dry  weather. 

Laying  of  branches,  is  a mode  of  propagation  that  may  be 
adopted  for  almost  all  forest  trees,  and  several  sorts  of  fruit 
trees  and  shrubs,  i.e.  ail  that  will  grow  from  cuttings,  and 
many  that  will  not.  Layers  are  made  of  the  lower  branches  of 
the  plant,  which  must  be  young  and  pliable,  to  bend  down 
without  breaking,  to  the  depth  of  four,  five,  or  six  inches,  in 
the  ground,  as  the  soil  is  light  or  heavy,  at  which  they  must  be 
held  securely  by  good  pegs.  Let  the  ground  about  layers  he 
kept  cool  by  occasional  waterings,  and  laying  some  moss,  turf, 
litter,  or  rather  small  pebbles,  about  them,  which  will  not  har- 
bour insects.  The  part  out  of  the  ground  may  be  supported 
erectly  by  a tic  to  a stick.  It  is  n good  way  to  slit  with  a sharp 
knife  the  part  at  the  peg,  as  in  carnation  layers,  a little  more 
than  an  inch;  and  some  prick  a few  holes  about  the  part,  at  a 
joint,  with  a blunt  awl,  to  help  the  layer  to  strike  root.  Gene- 
rally, layers  should  be  shortened  to  six  or  eight  inches  above 
the  ground,  or  do  it  to  two  eyes,  be  it  more  or  less  above 
ground.  Where  there  are  no  branches  low  enough  to  be  brought 
into  the  ground,  and  it  is  not  thought  good  to  head  down  for 
the  production  of  low  shoots  or  suckers,  plants  may  be  layered 
by  fixing  a broken  pot  or  a box,  with  a slit  in  the  side,  to  the 
height  necessary  to  lay  in  a branch.  A branch  also,  if  long 
enough,  may  he  thrust  through  a hole  of  a garden  pot  upwards, 
then  filled  with  earth,  and  supported  by  some  contrivance,  and 
shaded  by  some  means,  and  in  both  cases  water  frequently  the 
bods  drawn  through  the  hole  of  the  pot.  By  this  contrivance, 
rooted  plant*  being  procured  in  pots,  may  be  turned  out  with 
the  earth  about  their  roots  undisturbed.  A branch  of  a vino 
thus  layered  in  November,  may  he  next  year  cut  off,  when  tho 
fruit  is  ripe,  brought  in  a pot  to  table,  and  afterwards  planted 
out.  For  propagation  of  fruit  trees  by  grafting,  see  that  article. 
—Walkin'*  I’uclopadia. 

GARLAND,  a sort  of  net,  whose  opening  is  extended  by  a 
wooden  hoop,  of  sufficient  size  to  admit  a bow  I or  platter  w ithin 
it;  it  is  accordingly  used  by  sailors  as  a locker  or  cupboard, 
to  contain  their  provisions,  being  hung  up  to  the  beams  within 
the  birth,  where  they  commonly  mess  between  dc.'ks. 


Skoi  Garland,  a piece  of  timber  nailed  horizontally  along 
the  ship’s  sido  from  one  gun-port  to  another,  and  fitted  with 
several  hemispherical  cavities,  to  contain  the  round-shot  ready 
for  charging  the  great  guns  in  battle. 

GARLIC,  the  root  of  the  Allium.  This  root  has  bren  sub- 
jected to  chemical  analysis  ; and  is  found  to  consist  of  albumen, 
mucilage,  fibrous  matter,  and  water. 

G ARNET,  a sort  of  tackle  fixed  to  the  main-stAy  of  a mer- 
chant ship,  and  used  to  hoist  the  cargo  in  and  out  at  the  time 
of  lading  and  delivering  her. 

Garnet,  in  Mineralogy,  is  a species  of  the  flint  genus,  of  which 
there  are  two  sub  species,  viz.  the  precious,  and  common.  The 
precious,  or  oriental,  is  red,  but  of  various  shades.  It  occur* 
most  commonly  crystallized,  cither  as  a dodecadron,  or  as  a 
double  eight-sided  pyramid.  Garnets  nre  found  in  almost 
every  country  where  primitive  rocks  exist.  Switzerland  and 
Bohemia  are  the  two  countries  in  Europe  which  furnish  them 
in  the  greatest  abundance.  The  Impure  garnet*  arc  used  to 
advantage  as  a flux  when  they  are  found  near  the  iron-mines, 
as  they  not  only  facilitate  the  fusion  of  that  metal,  but  add 
something  to  the  mass  by  contributing  a portion  of  iron. 

GARNISH,  in  Law  bonks,  signifies  to  warn. 

GARNISHEE,  used  for  the  third  person  or  party  in  whose 
hands  money  is  attached  within  tho  liberties  of  the  city  of  Lon- 
don, so  called  because  he  has  bad  garnishment  or  warning  not 
to  pay  the  money,  but  to  appear  and  answer  to  the  plaintiff’s 
creditor'*  suit. 

GARNISHMENT,  is  a warning  given  to  a person  for  his 
appearance,  for  tho  better  furnishing  of  the  cause  and  court. 

GARRISON,  in  the  art  of  war,  a body  of  forces  disposed  in 
a fortress,  to  defend  it  against  the  enemy,  or  to  keep  the 
inhabitants  in  subjection  ; in  the  latter  case,  the  garrison  should 
always  be  stronger  than  the  townsmen.  Garrison,  or  winter 
quarters,  signify  u place  where  a number  of  force*  are  laid  up 
in  the  winter  season,  without  keeping  the  regular  guard. 

Garrison  duns,  such  as  are  mounted  and  used  in  a garrison, 
consisting  of  the  following  weights,  viz.  the  42,  34,  24,  18,  12, 
9,  and  H pounders,  being  made  either  of  brass  or  iron. 

GARTER,  Order  op  tub.  a military  order  of  knighthood, 
instituted  by  King  Edward  IK.  It  consists  of  26  knights  com- 
panions, generally  princes  and  peers,  whereof  the  king  of 
England  is  the  sovereign  or  chief.  Tho  college  of  the  order  is 
in  the  castle  of  Windsor,  with  the  chapel  of  St.  George,  and  the 
Chapter-house,  erected  by  the  founder  for  that  purpose.  The 
habit  and  ensign  of  the  order  are  a garter,  mantle,  cup.  gcorge, 
and  collar.  The  garter,  mantle,  ami  cap,  were  assigned  tho 
knights  companions  by  the  founder,  and  the  gcorge  and  collar 
by  Henry  VIII.  The  garter  is  worn  on  the  left  leg  between 
the  knee  and  calf,  and  is  enamelled  with  this  motto,  ham  roif 
qui  m al  y pence , i.e.  " shame  to  him  that  evil  thinks  hereof.” 

GAS,  in  Chemistry,  a word  that  signifies  a permanent  elastic 
aeriform  fluid.  Gases  arc  transparent,  clastic,  weighty,  and  in 
most  cases  invisible  ; they  cannot  be  condensed  into  a solid 
state  by  any  degree  of  cold  hitherto  known. 

The  air  or  atmosphere  consists  of  a mixture  of  several  gases, 
which  may  be  obtained  separately.  The  gases  which  we  shall 
describe  are,— 


Atmospheric  Air. 

2.  Oxygen  Gat. 

3.  Nitrogen  Gas. 

4.  Hydrogen  Gas. 

5.  Carbonic  Acid  Gas. 

G.  Light  Carbonated  Hydro- 
gen Gas. 

7.  Heavy  Carbonated  Hydro- 
gen Gas. 

8 Gaseous  Oxide  of  Carbon. 


9.  Sulphuretted  HydrngenGas. 

10.  Phosphurettcd  Hydrogen 
Gas. 

11.  Nitrous  Gas. 

12.  Nitrous  Oxide  Gas. 

13.  Ammoniacal  Gas. 

14.  Sulphurous  Acid  Gas. 

15.  Hydrochloric  Gas. 

Iff.  Chlorine  Gas. 

17.  Fluoric  Acid  Gas. 


Atmospheric  Air. — The  mechanical  properties  of  atmospheric 
air,  such  as  its  weight,  elasticity,  Ac.  arc  considered  under 
the  articles  Air  Pump  and  Pneumatics.  Chemistry  examines 
all  its  other  properties.  The  air  of  oar  atmosphere  consist* 
of  two  elastic,  aeriform  bodies,  called  oxygen  and  nitrogen 
gases,  possessing  different  properties  ; oxygen  gas  is  capable 
of  supporting  combustion  and  animal  life;  nitrogen  gas  is 
destructive  to  animals,  and  extinguishes  fire.  The  atmosphere 
contains  carbonic  acid  : for  alkalies  become  effervescent  when 
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exposed  to  it,  and  lime-water  acquires  a pellicle,  or  thin  skin 
on  its  surface,  on  being  exposed  a sufficient  time  to  the  action 
of  the  air,  oven  upon  ibe  highest  mountains.  Water  also  in  the 
state  of  vapour  is  always  found  in  the  atmosphere. 

Oxyget t Oat,  is  an  elastic  invisible  fluid,  hating  neither  taste 
nor  smell,  nor  shewing  any  signs  of  acidity ; it  is  740  times 
lighter  than  the  same  bulk  of  water.  Its  weight  is  to  llial  of 
atmospheric  air  as  1103  to  1000.  It  is  absorbed  only  by  com- 
bustible bodies.  It  is  necessary  for  respiration,  and  produces 
animat  beat.  It  is  considered  the  cause  of  acidity,  and  from 
this  property  is  named  oxygen,  derived  from  two  Greek  words, 
denoting  the  cause  of  the  acidity ; these  are  o(u£,  add,  and 
ytve/uu,  to  produce  or  generate.  Oxygen  gas  is  procured  in 
great  purity  from  pure  oxygenated  muriate  of  potash.  We 
nave  before  described  the  method  of  obtaining  this  and  other 
gases.  It  may  likewise  be  obtained  from  the  green  leaves  of 
plants,  but  not  in  sufficient  quantity  for  chemical  experiments. 

Nitrogen  or  Azotic  Gat,  will  not  support  life  by  respiration, 
hut  quickly  kills  animals  that  breathe  it;  plants,  however, 
thrive,  and  even  flourish  in  it.  It  has  no  taste.  It  neither 
reddens  blue  vegetable  colours,  nor  precipitates  lime-water. 
No  combustible  substance  burns  in  nitrogen  gas.  It  cannot 
be  absorbed  by  water.  It  unites  to  hydrogen,  under  certain 
circumstances,  and  w ith  it  constitutes  ammonia.  When  united 
to  oxygen  in  different  proportions,  it  forms  atmospheric  air, 
gaseous  oxide  of  azote  or  nitrogen,  nitrous  gas,  nitrous  acid, 
and  nitric  acid.  It  is  a component  part  of  all  animal  sub- 
stances ; from  which  it  may  be  obtained. 

Hydrogen  Got,  or  inflammable  air,  is  found  in  a natural  state 
in  muddy  waters  and  in  marshes,  in  mines,  in  coalpits,  and  in 
the  bowels  of  animals.  In  these  states,  however,  it  is  generally 
combined  with  carbon,  sulphur,  and  phosphorus,  llis  exhaled 
from  all  places  where  there  are  animal  or  vegetable  matters  in 
a state  ot  putrefaction.  Hydrogen  gas  is  obtained  in  a state 
of  parity  by  decomposing  water,  because  its  base  is  one  of  the 
constituent  part*  of  that  (laid.  This  gas.  therefore,  has  been 
called  hydrogen,  from  two  Greek  words  v£up  water,  and  yivofuu, 
to  generate,  that  is,  the  generator  of  water. 

Carbonic  Acid  Gat,  (the  first  elastic  aeriform  fluid,  different 
from  common  air,  that  was  known,)  cannot  support  flame,  nor 
animal  life;  its  taste  is  acid,  and  its  specific  weight  is  to  that 
of  atmospheric  air,  as  1-500  is  to  1000.  It  may  be  poured  from 
one  vessel  into  another.  This  may  be  shewn  by  placing  a 
lighted  taper  at  the  bottom  of  a vessel,  and  pouring  carbonic 
acid  gas  over  it  from  another  vessel.  The  light  will  be  imme- 
diately extinguished,  llcnce  we  infer,  that  the  gravity  of  the 
gas  has  enabled  it  to  descend,  and  to  displace  the  common  air 
at  the  bottom  ; which  being  lighter,  is  of  course  obliged  to 
ascend.  Carbonic  acid  gas  is  diffused  in  the  greatest  abundance 
throughout  nature. 

Marble,  limestone,  and  chalk,  consist  of  this  acid  and  lime. 
Carbonated  water,  or,  as  it  has  been  called,  soda  water,  is 
merely  water  impregnated  by  carbonic  acid.  This  agreeable 
draught  is  made  in  a scries  of  vessels  containing  w ater  and 
common  chalk.  Sulphuric  acid  is  poured  in,  which  unites  with 
tbo  lime,  and  at  the  same  time  the  carbonic  acid  is  expelled. 
This  acid  is  absorbed  by  the  water  which  is  ready  to  receive 
it.  The  sparkling  of  carbonated  w aters  is  owing  to  the  rapid 
escape  of  the  gas.  What  is  called  toda  water,  or,  more  pro- 
perly speaking,  carbonated  water,  is  made  in 
an  apparatus,  of  which  the  annexed  is  a 
figure.  C is  a flat  vessel,  having  a cock  I), 
through  which  chalk  and  sulphuric  acid  are 
supplied  for  forming  the  gas.  which  passes 
through  the  tube  H.  by  a valve  into  the  ves- 
ael  B,  containing  the  water  to  be  saturated, 
and  which  may  be  drawn  off  by  the  cock  E. 

Into  this  vessel  is  inserted  a tube  proceeding 
from  another  vessel  A,  also  charged  with 
water,  and  having  an  opening  F,  in  which  is 
placed  a stopper,  and  through  which  fresh 
water  is  occasionally  poured.  The  water  in 
the  upper  vessel,  and  the  weight  of  the  stop- 
per, press  and  agitate  that  in  the  vessel  B.  by  f 
which  it  is  more  speedily  impregnated.  The 
whole  is  made  of  glass,  and  is  termed  Nooth's  apparatus. 


For  the  general  purposes  of  impregnating  water  with  gases, 
a set  of  glass  vessels  (called  Woulfe's  apparatus)  is  used. 
Annexed  is  an  engraving  of  this  apparatus.  A is  a retort  hav- 
ing a tubulurc,  through  which  the  materials  for  procuring  any 
gas  are  passed.  B is  a globo  or  receiver,  into  which  is 


inserted  a tube  C,  bent  at  right  angles,  and  communicating  with 
the  second  receiver  1).  From  this  one,  another  tube  proceeds 
in  the  same  way  to  the  third  receiver,  and  from  the  third 
another  passes  to  the  fourth.  E is  the  last  tube,  which  passes 
through  water  into  any  vessel,  for  tbc  reception  of  the  most 
volatile  product,  or  that  which  will  not  combine  with  the  water 
or  other  fluid  contained  in  the  three -necked  bottles.  It  will  be 
seen  that  a perpcndiculai  tube  enters  the  middle  neck  of  each 
receiver.  These  are  safety  tubes  to  prevent  the  apparatus  from 
bursting,  as  the  gas  might  be  evolved  too  quickly  from  the 
retort  to  he  absorbed  by  the  water.  Sometimes  these  tubes 
are  bent  at  right  angles,  and  have  a drop  of  mercury  in  them, 
which  moving  up  and  down,  according  as  the  gas  is  abundantly 
generated,  acts  as  a valve,  permitting  the  superabundant  gas 
to  escape.  By  means  of  this  apparatus,  water  may  be  impreg- 
nated by  muriatic  acid  and  nitrous  gases,  so  as  to  form 
muriatic  and  nitric  acids.  To  show  that  carbonic  acid  gtsis 
fatal  to  animal  life,  put  a mouse,  or  other  small  animal,  ioto  a 
vessel  lilted  with  it.  and  cover  the  vessel  to  prevent  the  admis- 
sion of  atmospheric  air.  The  animal  will  die  in  a minute  or 
two.  It  is  this  gas  which  has  produced  so  many  fatal  accideoU 
at  the  opening  of  cellars  or  vaults,  in  which  wine,  cider,  or  beer, 
has  bpcn  fermenting. 

Light  Carbonated  Hydrogen  Gat,  is  hydrogen  gas  holding 
charcoal  iu  solution.  There  arc  several  kinds  of  it  obtained  by 
different  processes,  which  differ  in  their  properties,  and  in  tho 
proportions  of  tbeir  constituent  principles.  This  gas  is 
obtained  from  animal,  vegetable,  and  mineral  substances. 
Nature  produces  it  in  marshes  and  ditches,  on  the  surface  of 
putrid  water,  in  coal  mines,  burying  places,  common  sewers, 
and  in  those  situations  where  putrid  animat  and  vegetable 
matters  are  accumulated.  It  is  also  generated  in  the  intestinal 
canal  of  living  animals,  and  may  be  plentifully  obtained  from 
most  stagnant  waters.  It  may  also  bo  obtained  during  the 
distillation  of  animal  and  vegetable  matters.  This  gas  is 
known  in  coal  mines  by  the  name  of  fire-damp.  Its  destructive 
effects  had  probably  been  felt  in  all  collieries  until  this  moment, 
but  for  that  useful  invention  of  tbr  immortal  Davy— the  safety 
lamp  ; or,  as  the  miners  in  gratitude  term  it,  **  the  Davy." 
This  lamp  is  on  the  principle  of  the  impossibility  of  tbc  passage 
of  inflamed  gas  through  apertures  of  small  diameters.  Accord- 
I ingly,  w ire -gauze  is  used  for  this  purpose.  See  Lamp. 

Heavy  Carbonated  Hydrogen  Gat,  was  first  noticed  by  some 
Dutch  chemists,  who  observed  in  it  a particular  property,  that 
when  it  was  combined  with  oxygenated  muriatic  acid  gas,  the 
aeriform  slate  of  both  fluids  was  destroyed,  and  oil  was  pro- 
duced ; for  which  reason  they  call  it  olefiant  gas.  This  gas  is 
obtained  in  decomposing  spirits  of  wine  by  sulphuric  arid  in  a 
great  heal.  It  is  also  obtained  abundantly,  when  alcohol  is 
passed  through  a red-hot  earthen  tube.  Sulphuric  ether,  mixed 
with  sulphuric  acid,  and  subjected  to  heat,  also  affords  it. 

(rWoiu  Oxide  of  Carbon,  first  described  by  Dr.  Priestley,  is 
exceedingly  noxious ; animals  die  in  it  instantly.  It  is  obtained 
from  chalk  and  filings  of  zinc. 

Before  closing  these  articles  we  may  observe,  that  carbonic 
acid  gas — the  choke  damp  of  mines— escapes  also  daring  tbo 
fermentation  of  porter  ; and  instances  of  its  destructive  effects 
have  occurred,  where  persons  have  Incautiously  put  their  noses 
to  the  bung-holes  of  casks  while  this  process  wax  going  on. 
Charcoal  fumes,  so  deleterious  in  many  manufactories,  are 
generated  by  burning  charcoal  in  common  air,  and  are  in  fact 
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nothing  more  than  carbonic  acid  gat  fumes.  A pan  of  lime- 
water  placed  on  the  floor  will  absorb  the  pas,  and  allow  the 
artisan  to  respire  tolerably  pure  atmospheric  air.  Yet.  strange 
as  it  may  appear,  carbonic  acid  pas  is  evolved  from  our  lungs 
in  respiration,  as  is  proved  by  breadline  into  a phial  containing 
ure  lime-water,  which  will  become  quite  turbid  by  the  nom- 
ination of  the  pure  lime  with  the  carbonic  acid  proceeding 
from  the  lonps. 

Sulphuretted  Hydrogen  Gas , has  the  properties  of  an  acid  ; 
for  when  absorbed  by  water,  its  solution  reddens  vegetable 
blues.  It  combines  also  with  alkalies,  earths,  and  with  several 
metallic  oxides.  This  pas  has  an  odour  resetablinp  that  of 
utrid  epps.  It  kills  animals,  and  extinpuishes  burning  bodies, 
t is  inflammable  when  mixed  with  oxygen  pas,  or  atmospheric 
air.  It  is  this  pas  which  gives  their  peculiar  smell  to  the  waters 
of  Harrow-gale,  Aix-la-Chapcllc,  and  St.  Bernard's  Well  at 
Edinburgh. 

Phoiphuretted  Hydrogen  Gas,  consists  of  phosphorus  dissolved 
in  hydrogen  pas.  It  is  the  most  combustible  substance  in 
nature,  and  is  distinguished  from  all  other  gases  by  taking 
fire  when  brought  in  contact  with  atmospheric  air.  When 
mixed  with  oxygen  gas,  or  with  oxygenated  muriatic  acid  gas, 
it  burns  violently.  When  bubbles  of  it  are  suffered  to  pass 
through  water,  they  take  fire  in  succession  as  they  reach  tho 
surface  of  the  fluid.  Its  smell  resembles  that  of  putrid  fish. 
Fhosphoretted  hydrogen  gas  is  also  found  naturally.  The  air 
which  burns  at  the  surface  of  certain  springs,  forming  what  are 
called  burning  springs,  and  the  ignis  fatuus  (jack  o'lnntern.) 
which  glides  along  burying  ground*,  consists  of  this  gas. 

Mtrtms  Gas , is  an  aeriform  fluid,  consisting  of  a certain 
quantity  of  nitrogen  pas  and  oxygen.  It  is  colourless,  having 
no  sensible  taste,  aud  is  neither  acid  nor  alkaline;  it  cannot 
be  respired.  The  greater  number  of  combustible  bodies  can- 
not burn  in  it.  It  is,  nevertheless,  capable  of  supporting  the 
combustion  of  some  bodies.  Phosphorus  burns  in  it  when 
introduced  in  a state  of  inflammation.  Homherg's  pyrophorus 
takes  fire  in  it  spontaneously.  It  is  obtained  from  copper  and 
nitric  acid  diluted  with  water. 

Gateous  Oxide  of  Azote,  or  nitrous  oxide,  obtained  from  the 
nitrate  of  ammonia,  by  beating  the  salt  to  about  400°  Fahren- 
heit, is  a permanent  gas,  in  which  animals,  when  confined,  give 
no  signs  of  uneasiness  at  first,  but  soon  become  restless,  and 
tben  die.  When  mingled  with  atmospheric  air,  and  then 
received  into  the  lungs,  it  generates  highly  pleasurable  sensa- 
tions. It  excites  the  body  to  action,  and  rouses  tho  faculties 
of  the  mind,  inducing  a state  of  great  exhilaration,  and  an  irre- 
sistible propensity  to  laughter,  a rapid  flow  of  vivid  ideas,  and 
unusual  vigour  and  fitness  for  muscular  exertions;  in  some 
respects  resembling  the  sensations  attendant  on  intoxication, 
without  any  languor,  depression  of  spirits,  or  disagreeable 
feelings  afterwards,  but  more  generally  followed  by  vigour,  and 
a disposition  to  exertion,  which  gradually  subsides. 

A mmoniacal  Gas,  is  composed  of  hydrogen  and  nitrogen,  ren- 
dered gaseous  by  the  addition  of  caloric.  This  gas  suffocates 
animals,  and  extinguishes  burning  bodies,  like  all  the  other 
suirocaling  gases ; but  it  is  slightly  inflammable,  increasing  the 
flame  of  a taper  before  it  extinguishes  it. 

Sulphurous  Atid  Gas , is  no  where  found  in  a natural  state,  hot 
is  entirely  a production  of  art,  obtained  by  exposing  to  heat  in  a 
retort,  sulphuric  acid,  while  it  is  exercising  an  action  on  some 
combustible  body,  as  oil,  charcoal,  mercury,  kc.  Sulphurous 
acid  gas  is  twice  as  heavy  as  atmospheric  air.  It  extinguishes 
burning  bodies,  and  suffocates  animals.  It  first  reddens,  and 
then  destroys,  most  of  tbe  vegetable  colours.  It  has  the  pro- 
perty of  whitening  silk,  and  giving  it  a lustre. 

Hydrochloric  or  Muriatic  Acid  Gas,  obtained  by  exposing  to 
heat,  fuming  muriatic  or  hydrochloric  acid,  put  into  a retort, 
the  beak  of  which  is  introduced  below  a bell-glass  filled  with 
mercury,  and  placed  on  the  abelf  of  a mercurial  pneumatic 
apparatus,  is  heavier  than  atmospheric  air,  suffocates  animals, 
and  extinguishes  a lighted  taper;  but  first  enlarges  its  flame, 
and  makes  it  appear  of  a green  or  bluish  colour  at  the  edges. 

Chlorine  or  Oxygenated  Muriatic  Acid  Gas,  the  muriatic  gas 
deprived  of  its  hydrogen,  is  of  a greenish  yellow  colour.  This 
gas  destroys  vegetable  colours  only,  rendering  all  flowers,  and 
the  green  leaves  of  plants,  white ; and  alkali  is  not  capable  of 
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restoring  their  colours.  Hence  this  acid  is  now  very  generally 
employed  in  the  gaseous  or  the  liquid  state,  to  whiten  thread, 
cotton,  linen,  wax,  &c. 

The  oxygenated  muriatic  acid  is  employed  in  four  difforent 
ways  for  tho  purpose  of  blenching;  first,  in  the  stale  of  gas 
alone ; secondly,  in  the  state  of  gas  combined  with  water,  or 
what  is  called  the  acid  ; thirdly,  potass  is  mixed  with  the  acid 
to  condense  the  gaseous  vapour,  and  destroy  its  suffocating 
odour;  fourthly,  oxygenated  muriates,  dissolved  in  water,  are 
employed.  See  the  article  Blkaching.  pp.  108—  III. 

Fluoric  Acid  Gas,  may  be  obtained  by  decomposing  fluate  of 
lime  ( Derby  shire  spar)  by  means  of  sulphuric  acid.  The  most 
remarkable  property  of  this  gas  is  its  power  of  dissolving  silex  ; 
it  therefore  dissolves  glass,  crystal,  and  various  precious 
stones.  It  is  heavier  than  common  nir.  It  does  not  maintain 
combustion,  nor  can  animals  breathe  it ; but  its  property  in  dis- 
solving flint  makes  it  useful  in  etching  on  glass,  either  ns  a gas, 
or  in  a liquid  state. 

There  are  a variety  of  other  gases,  the  enumeration  of  which 
in  this  place  would  be  attended  with  little  utility  to  tbe  reader 
of  a work  like  our  Dictionary. 

On  the  Expansion  of  Gases  ; u ith  an  easy  Rule,  and  a Table,  for 
finding  the  Expansion  of  Air  or  any  Gas,  from  32°  to  212°  Fah- 
renheit.— An  accurate  knowledge  nf  the  expansion  of  gaseous 
bodies  being  of  great  importance  in  chemical  researches,  many 
experiments  were  made  to  ascertain  it,  but  the  results  were 
long  so  various  and  different  from  each  other,  that  none  could 
be  depended  on.  The  reason  of  this  difference  was  the  want  of 
attention  on  the  part  of  experimenters,  in  not  excluding  with 
sufficient  care  the  particles  of  water  from  the  vessels  employed 
to  measure  the  expansion  of  gases.  When,  therefore,  heat  was 
applied  to  raise  the  temperature  of  any  gas.  the  particles  of 
water  were  converted  into  vapour,  and  mixing  with  the  gas, 
produced  a difference  in  the  actual  change  of  bulk  which  it  had 
experienced.  To  this  cause  only  can  be  ascribed  tbe  varia- 
j tions  in  the  determinations  of  Dcluc,  General  Roy,  and  others, 
on  this  important  point.  The  subject  happened  to  engage  the 
attention  of  Dalton,  of  Manchester,  and  Gay  Lussac,  in  France ; 
and  the  coincidence  in  the  results  of  their  experiments  affords 
convincing  proof  of  their  accuracy.  Dalton  published  the 
account  of  his  experiments  about  six  months  before  Lussac, 
and  liis  apparatus  was  more  simplo  than  that  of  the  French 
chemist.  It  consisted  merely  of  a glass  tube,  open  at  one  end, 
and  graduated  into  equal  parts ; after  it  was  properly  dried,  the 
gas  was  introduced  into  it,  and  it  was  then  filled  with  mercury 
at  the  open  end  to  a given  point ; heat  being  then  applied,  the 
amount  of  dilatation  was  observed,  by  the  quantity  of  mercury 
expelled.  Lussac’s  apparatus  was  more  complicated,  but 
capable  of  greater  precision;  and,  as  his  experiments  were 
made  in  greater  quantities  of  air,  their  coincidence  with  the 
former  induced  perfect  confidence  in  the  accuracy  of  the  results. 

Thrir  experiments  led  to  the  important  conclusion,  that  air, 
and  all  gaseous  bodies,  undergo  the  same  degree  of  expansion, 
by  the  application  of  the  same  degree  of  heat ; so  that  the  rate 
of  expansion  for  one  being  determined,  gives  the  rate  of  expan- 
sion for  all.  The  expansion  obtained  by  Gay  Lussac,  by  heat- 
ing air  from  32°  to  212°,  was  *373,  or  | of  its  bulk  at  32 and 
that  obtained  by  Dalton,  was  *376  for  the  same  bulk.  Now, 
this  fact  being  established,  that  air  expands  about  f,  or  one- 
2 Cfffith  of  its  bulk,  when  heated  from  32°  to  212°,  or  180°;  it 
follows,  that  for  every  1°  of  the  thermometer,  air  will  expand 
one-four  hundred  and  eightieth  part  of  its  bulk  at  32°.  The 
I experiments  of  Dalton  would  give  about  one-47!)-8lh  for  this 
expansion,  but  the  difference  is  of  no  great  moment.  From 
the  experiments  of  Lussac.  it  appears,  that  the  steam  of  water, 
and  the  vapour  or  ether,  experience  the  same  expansion  as  air, 
when  the  same  addition  is  made  to  their  temperature;  henoe 
it  may  be  inferred,  that  all  elastic  fluids  expand  equally  and 
uniformly  by  heat. 

To  determine,  therefore,  the  expansion  of  air,  or  any  gas,  at 
any  temperature,  or  in  other  words,  to  ascertain  the  increase  of 
bulk  which  it  undergoes,  when  heated  from  the  commencement 
of  the  common  thermic  unit  32°,  to  any  degree  within  its  range, 
which  terminates  at  212°,  we  have  only  to  add  one-480th  part 
of  its  bulk,  at  329  for  every  degree  between  that  point  and  tba 
temperature  required. 
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Thus,  if  the  bulk  of  a quantity  of  any  gas  at  32°,  bo  10  cubic 
inches,  and  its  bulk  at  60°  be  required,  wo  have  only  to  sub- 
tract  3t°  from  00°,  and  the  remainder  '28  is  the  number  of 
1 28 

degrees  intervening ; then  ^ x 28  = the  expansion  of  a 

obit  for  28?  ; wherefore,  X 10  cubic  inches  '5633, 

the  increase  of  volume,  which,  added  to  10  cubic  inches,  makes 
10-6833  cubic  inches,  the  bulk  of  the  gas  at  32°,  when  raised  to 
the  temperature  of  60°.  If  tho  bulk  of  a quantity  of  gas,  at  any 
tempeialore  above  32°  be  given,  and  its  bulk  at  a still  higher 
temperature  be  required,  we  must  first  subtract  32°  from  the 
given  temperature  ; then  add  the  remainder  to  the  denominator 

of  the  fraction  and  proceed  as  before.  Thus,  to  find  the 


expansion  of  10  cubic  inches  of  gas  at  50°,  when  raised  to  the 
temperature  of  00°,  we  have  60°  — 32®  " 18°,  and  00°  — OOP 

= ,0°-  N°W>  480  Ws=  Sb*  *”d  L*  ,he 

10 

expansion  of  a unit  for  10°,  wherefore  Anu  x 10  cubic  inches 


408 


100 


— =;  -208,  the  increase  of  volume,  which,  added  to  10 


cubic  inches,  the  bulk  of  tbo  gas  at  GOP,  when  raised  to  the 
temperature  of  63°. 

If  the  bulk  of  a quantity  of  gas  at  a higher  temperature  be  given, 
and  its  bulk  at  a lower  temperature  be  required,  we  must  then 
subtract  32°  from  each  temperature,  and  add  ihe  remainders  to 
the  denominator  of  the  fraction  J*;  then  making  the  least  sum 
the  numerator,  and  the  greatest  the  denominator  of  a new  frac- 
tion, we  proceed  with  the  operation  as  before.  Thus,  to  find  the 
contraction  of  10  cubic  incites  of  gas  at  80°,  when  cooled  to  the 
temperature  of  GO®,  we  have  (XP  — 32°  ~ 28°  ; and  80*  — 30*  := 

40’ ; also,  80°  — 00“  =*0°;  hence,  ^ = 

608 

pacsion  of  a unit  for  20° ; wherefore,  x 10  cubic  inches  zz 
6080  ..  , . 

" 9'4318  oobic  inches,  the  volume  of  the  gas  at  80°, 

when  cooled  down  to  the  temperature  of  G0°. 

Such  is  the  mode  of  calculation  adopted  by  chemists,  in  the 
calculation  of  the  expansion  of  air  and  gas,  and  the  examples 
might  be  so  varied  as  to  give  occasion  for  a variation  in  the 
rules  for  each  ; but  we  proceed  tu  give  a ranch  more  simple  and 
general  rule  for  determining  this  expansion  in  every  case  that 
can  be  proposed  within  the  thermic  unit. 

Rule. — The  volume t of  oil  the  gates  are  to  each  other  at  448  + 
the  t emper a ture ; that  is,  at  448  + the  given  temperature,  is  to 
448  -f  the  required  temperature,  to  it  the  bulk  of  a quantity  of  gat 
at  the  given  temperature,  to  itt  bulk  at  the  required  temperature. 
Thus,  in  the  first  of  the  above  cases,  we  shall  have  448  + 32°  : 
448  + 60°  : : 10  cubic  laches  : 10*5833  cubic  inches,  or  480  : 
606  : : 10  cubic  inches  : 10*6833  cubic  inches,  tho  bulk  of  the 
gas  at  32°,  when  raised  to  the  temperature  of  GO0,  as  found 
above. 

In  the  second  case,  we  shall  have  448  + 50°  : 448  + 00°  : : 
10  cubic  inches  : 10*9008  cubic  inches,  or  498  : 608  : : 10 
cnbic  inches  : 10*2008  cubic  inches,  the  bulk  of  the  gas  at  60°, 
when  raised  to  the  temperature  of  GO®.  as  found  above. 

In  the  third  case,  we  shall  have  448  + 80°  : 448  + G0°  : : 
10  cubic  inches  : 9*4318  cubic  inches,  or  528  : 608  : : 10  cubic 
inches  : 9*4318  cubic  inches,  the  bulk  of  the  gas  at  80°  when 
eoolod  down  to  the  temperature  of  GOP. 

From  these  examples  will  be  seen  the  superiority  of  tills 
single  rule,  to  the  former  methods  of  calculating  the  increase  or 
diminution  of  the  volumes  of  gases,  when  expanded  by  heat,  or 
contracted  by  cold. 

The  following  Table,  constructed  on  these  principles,  shews 
the  expansion  of  air  for  nearly  every  temperature,  from  32°  to 
212’,  supposing  that  its  bulk  at  32*  is  unity  1*000000,  or  1000000 


Table. 


1W 

Balk. 

Tcnit 

Balk 

T«op, 

Balk. 

32° 

1000000 

60° 

105G249 

80° 

1112490 

33 

1002083 

00 

1068333 

87 

1114583 

34 

HXM1G8 

61 

100041b 

88 

1116666 

36 

1006349 

02 

10G2499 

K9 

1118749 

36 

1 008333 

G3 

1004583 

90 

1190033 

37 

1010416 

04 

1000086 

91 

1122916 

* 38 

1012499 

66 

1008740 

92 

1124009 

39 

1014583 

06 

1070833 

93 

1127083 

40 

1O10GM 

07 

1072916 

94 

1129166 

41 

1018749 

68 

1074999 

96 

1131240 

42 

1020833 

(59 

1077083 

96 

1133333 

43 

1022916 

70 

1079166 

97 

1136416 

41 

1024760 

71 

1081240 

98 

1137499 

46 

1027083 

72 

1083333 

99 

1130683 

40 

1039106 

73 

ION54 16 

too 

1141066 

47 

1031249 

74 

1087499 

no 

1162499 

48 

1033333 

75 

1088333 

120 

1183333 

49 

1036416 

76 

1091006 

130 

1204166 

60 

1037499 

77 

1003740 

140 

1224099 

61 

1030683 

78 

1006833 

ISO 

1245833 

62 

1041666 

79 

1097918 

160 

1206666 

i 63 

1043749 

80 

1IXW999 

170 

1287490 

1 M 

1046833 

81 

1 102083 

im 

1308333 

66 

1047916 

8*2 

1104168 

190 

1320166 

S<) 

1049999 

83 

1100249 

200 

1349900 

1 57 

1062083 

84 

1 108333 

210 

1378823 

i68 

1 054166 

85 

1110410 

212 

1375000 

Table  the tring  the  Absolute  ff  "eights  and  Specific  Gravity  of 
Gates,  ana  the  Quantity  of  each  absorbed  by  Hater. — Tempe- 
rature GO®  Fahrenheit.  Barometer  20*8. 


KIND  OP  GAS. 

Weight  0 1 
101)  cubic 
inches, 
in  grains. 

S (>ec»be 

Gravity. 

Water  the 
tUsdiril 
st  1000. 

Air*. 

standard. 

Nitric  acid 

70* 

3* 

24*26 

Sulphurous 

70*215 

275 

2240 

Vapour  of  ether, 

02*1 

2250 

Muriatic  acid 

598 

19*29 

Vaponr  of  alcohol 

51*6 

2100 

Nitrons  oxvde, 

60*1 

1*985 

1615 

Carbonic  acid, 

465 

1*84 

1500 

Ditto,  ditto 

465 

1*802 

1470 

Muriatic  acid, 

44*7 

1*705 

1430 

Sulphuretted  hydrogen, 

48*  17 

1231 

Nitric  oxyde 

ST 

1*465 

1193 

Nitric  oxyde 

34  3 

1*36 

1106 

OryRffn  giu 

3474 

1*39 

1127 

Sulphuretted  hydrogen, 

34*286 

1*36 

1142 

Oxygen  gas 

34 

1*35 

1103 

Atmospheric  air 

31* 

1*2*279 

1000 

Azotic  gas, 

30*535 

1*21 

985 

Carbonic  ox>de, 

30- 

1*186 

967 

Olefiant  gas 

28*18 

906 

Hydrocarburct  from  stagnant 

water 

20  06 

oec 

Ditto  from  coal, 

20*2 

650 

Ditto  from  ether 

20* 

046 

Ammonia,  

1816 

0*715 

585 

Ditto, 

18* 

0*713 

580 

Arsenicatcd  hydrogen  gas, .... 

0*0409 

529 

Hydrocarburet  from  alcohol,. . 

16* 

516 

Ditto,  from  water  over  ignited 

charcoal, 

14*5 

40*8 

Hydrogen  gas,  

2613 

0 1031 

84 

Pbosphureltcd  hydrogen 

.... 

.... 
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Cas  Light.  Having, undftr  the  article  Coal,  explained  the 
method  of  obtaining:  this  artificial  light,  we  now  proceed  to 
describe  and  illustrate  the  apparatus  of  a manufactory  of  Gas 
for  public  use,  from  a treatise  on  .Gas  Lighting  by  Mr.  Peck- 
ston,  in  which  theory  and  practice  are  happily  combined. 
On  this  subject  Mr.  P.  is  preparing  a larger  work,  which,  if  we 
may  judge  from  the  ability  and  science  displayed  in  what  is  now 
before  us,  will  be  found  of  intrinsic  value. 

Gas  is  obtained  from  distilling  coal  in  a retort — it  is  then 
TURIN  ED — and.  finally,  let  off  to  the  consumers  by  means  of 
y^w.  The  consideration  of  tbe  two  processes  of  distillation 
and  purification  solicit  our  chief  attention ; the  process  of  dis- 
tribution shall  be  briefly  discussed,  when  tbe  former  steps  shall 
have  been  fully  explained. 

The  retorts  used  for  the  distillation  of  pit-coal,  are  of  differ- 
ent shapes  in  different  establishments,  being  in  some  circular, 
in  others  elliptical,  square,  or  semicircular.  There  bare  also 
been  invented  rotatory  retorts. 

The  circular  retorts  (for,  In  adverting  to  the  shape  of  them, 

I am  to  be  understood  as  speaking  of  that  section  which  is 
vertical  and  parallel  to  tbe  flanches  at  their  mouths)  are  cylin- 
ders of  about  six  feet  in  length,  and  twelve  iuches  diameter 
inside.  These  have,  till  recently,  been  set  on  the  flue  plan,  and 
when  set  two  to  one  fire,  carbonisation  was  carried  on  at  about 
twenty  per  cent. ; or,  to  speak  in  more  familiar  language,  it 
required  twenty  chaldrons  of  coals  to  keep  a sufficient  number 
of  retorts  so  heated  as  to  be  capable  of  carbonising  one  hun- 
dred chaldrons  in  a proper  manner;  when  the  retorts  were 
worked  at  eight  hours'  charges,  with  two  bushels  of  coals  to 
one  retort  each  charge.  Tbe  fire-place  for  heating  this  kind  of 
retort  was  opposite  to  its  mouth;  and  under  these  circum- 
stances, a retort,  cast  from  metal  of  the  second  running,  and 
weighing  aboat  ten  hundred  weight,  would  last  from  eight  to 
ten  months. 

The  first  step  towards  the  present  mode  of  setting  retorts 
was,  by  heating  three  with  one  fire ; on  such  plan  several  were 
set  in  different  works.  Retorts  set  three  to  one  fire  having,  by 
experiment  on  a large  scale,  been  proved  to  answer  no  desir- 
able end,  the  next  alteration  in  the  mode  of  setting  was,  that  of 
heating  four  by  one  fire.  On  this  plan,  a hundred  retorts  were 
put  up  at  one  of  tbe  establishments  in  London—tbese  it  was 
found  impossible  to  heat ; for  one  part  of  tbe  retort  would  have 
actually  melted  before  the  other  had  arisen  even  to  a dull  red. 
A second  setting  of  retorts,  in  which  four  were  to  be  heated  by 
one  fire,  succeeded  better  than  the  first,  for  the  retorts  heated 
very  regularly— bat  carbonisation  was  not  carried  on  at  so  low  a 
per  centage  as  when  only  two  were  heated  by  one  fire ; it  was 
considerably  increased,  and  what  was  still  worse,  the  retorts 
were  sooner  burnt  out  The  carbonisation  increased  daily  in 
its  expenses,  till  at  last  it  rose  as  high  as  fifty  per  cent.  This 
was  owing  principally  to  working  fewer  retorts  than  the  fires 
necessary  to  be  kept  up  would  have  heated,  had  the  retorts 
placed  over  each  fire  in  action  remained  in  a workiug  state  ; 
for  it  very  frequently  happened,  when  seventy  or  eighty  retorts 
were  working,  as  many  fires  were  kept  lighted  as  actually 
heated  a hundred,  and  for  the  following  reason : — The  notion 
of  tbe  fire  not  being  uniformly  directed  towards  each  retort  in 
tbe  scries  of  four,  one  of  them  became  ineffective ; when  such 
was  the  case,  only  three  out  of  the  four  could,  of  course,  be 
used  ; soon  afterwards  a second  failed,  and  then  but  two 
remained  in  use,  and  so  on ; — indeed,  it  was  no  uncommon 
circumstance  to  work  but  two  retorts  by  that  fire  which  actually 
heated  four,  owing  to  two  of  them  being  burnt  out.  When 
retorts  were  set  four  to  ono  fire,  it  happened  that  they  were 
frequently  worked  under  the  above  disadvantage  more  from 
necessity  than  choice;  for  whenever  it  became  necessary  to 
remove  defective  ones  over  one  fire,  it  followed  that  the  adjoin- 
ing fires  could  not  be  kept  lighted ; for  if  they  remained  so, 
the  bricklayers  could  not  perform  tbeir  work — consequently, 
when  it  wss  required  to  replace  a series  of  four,  the  use  of 
twelve  retorts  was  lost  to  the  manufacturer  till  such  time  as  the 
defective  ones  over  the  fire-place  undergoing  repair,  were  again 
ready  to  be  brought  into  action.  The  pulling  down  of  the 
defective  retorts,  and  the  replacing  of  them  so  as  to  be  again  1 
ready  for  charging,  in  one  series,  was  seldom  accomplished  in 
less  than  a week ; therefore,  when  tbe  manufacturer  was  • 


unable,  from  the  quantity  of  gas  he  had  to  supply,  to  dispense 
with  the  use  of  so  many  retorts,  he  was  compelled  to  work  them 
under  every  disadvantage. 

As  the  expense  of  resetting  one  retort,  when  put  np  in  a 
series  of  four,  for  labour  and  new  materials,  exclusive  of  tbe 
retort  itself,  amounted  to  about  eight  pounds,  or  at  the  rate  of 
thirty-two  pounds  for  each  series,  it  became  a desideratum  to 
be  able  to  replace  a burnt-ont  retort  without  pulling  down  the 
brickwork  and  allowing  the  retorts  next  adjoining  to  remain 
inactive.  Actuated  by  a zeal  for  promoting  the  interest  of  the 
manufacturer,  my  attention  was  turned  to  the  subject;  and, 
after  very  maturely  considering  the  matter,  Mr.  Peckston  bit 
upon  a plan  which  would  enable  the  operator  to  remove  a 
defective  retort  in  a few  hours,  without  expense,  save  labour, 
and  a few  shillings  for  bolts  and  cement 

When  retorts  were  set  four  to  one  fire,  tbe  top  ones  invari- 
ably failed  first,  and  this  led  to  a supposition  that  if  the  top 
ones  were  guarded  by  tiles  from  tbe  action  of  the  fire  in  the 
same  way  that  the  lower  retorts  were  guarded,  they  would  be 
more  likely  to  remain  a longer  time  effective.  Retorts  were 
accordingly  so  set,  and  whilst  tbe  fire-places  were  continued 
at  that  side  which  was  opposite  to  the  side  for  charging  and 
drawing,  they  did  last  considerably  longer,  but  then  they  were 
by  no  means  so  effective  as  on  the  former  plan.  They  fell  oat 
of  all  shape,  and  consequently  were  not  capable  of  carbonizing 
snch  a quantity  of  coals  as  would  be  advantageous  to  the  manu- 
facturer of  coal  gas.  A deviation  from  this  mode  was  made 
by  placing  the  fires  iu  front  of  tbe  retorts,  but  it  failed  entirely. 
The  bottom  retorts  were  soon  destroyed— the  action  of  the 
flame  playing  on  the  ends  of  them  so  forcibly  as  literally  to 
reduce  them  into  a state  of  fusion,  when  the  fire  was  such  as 
to  keep  the  principal  part  of  the  retort  at  a bright  red  heat. 

Although  retorts  of  various  shapes  had  been  tried  at  different 
establishments,  we  find  no  accoont  of  any  having  been  set,  save 
on  the  flue  plan,  that  is,  Ysj  the  fire  acting  under  the  retort,  and 
then  returning  over  it  on  its  way  to  the  main  flue,  till  the  spring 
of  1817,  when  Mr.  Rackbouse  adopted  a plan  for  heating  re- 
torts of  cylindrical  shape  set  in  ovens,  a plan  since  known  to 
the  manufacturer  by  the  name  of  tbe  “oven-plan."  His  first 
experiment  whs  made  at  one  of  tbe  gas-light  establishments  in 
London,  by  heating  one  retort  in  an  oven.  He  next  set  two  in 
one  oven,  then  three,  and  afterwards  five;  and  cylindrical 
retorts  set  in  fives  on  the  oven-plan  are  now  by  far  the  most 
general  mode  adopted  at  the  different  gas-light  establishments. 

Mr.  Malam’s  plan  of  oven  retorts  at  tha  Westminster  gas- 
works, perhaps,  excels  the  former.  Various  have  been  tbe 
alterations  made  by  different  workmen  in  the  fire-work  to  the 
retorts  since  the  oven  plan  was  adopted,  but  hitherto  moat 
have  failed  in  remedying  the  very  serious  evils  which  must 
arise  from  their  rapid  destruction.  Heretofore  a retort  of  the 
same  shape  and  dimensions,  when  constantly  used  night  an* 
day,  lasted  from  eight  to  ten  months ; but,  on  the  oven  plan, 
the  retort  seldom  remains  in  a working  state  more  than  as 
many  weeks.  Indeed,  so  great  has  been  the  desire  of  making 
this  plan  answer,  that  it  has  been  tried  almost  under  every 
bearing;  and  whilst  some  attempts  have  promised  to  answer, 
others  fiotn  which  much  bad  been  expected  have  failed  so  far 
as  to  cause  the  retort  to  be  entirely  destroyed  in  three  or  four 
days. 

Whenever  coal  may  be  submitted  to  distillation  in  masses  of 
twelve  inches  diameter,  the  operation  will  be  very  tedious,  and 
equally  imperfect ; the  action  of  the  red-hot  retort  upon  tbe 
outer  surface  of  the  coal  will  soon  decompose  it,  and  therefore 
(be  gas  in  tbe  first  part  of  the  process  will  pass  over  very 
rapidly— hut  then  it  acts  against  the  process  in  the  interior 
part  of  the  cylinder  formed  by  the  coal  in  the  inside  of  the 
retort ; for  as  the  outer  surface  of  the  coal  is  formed  into  coke, 
it  becomes  a coating  to  that  which  is  within  it,  and  through 
which  the  gas  must  pass  ere  it  can  extricate  itself  from  the 
retort.  Whenever  such  is  the  case,  carbonization  cannot  be 
carried  on  to  advantage,  nor  will  it  ever  answer  the  most  desir- 
able end.  The  great  object  which  the  manufacturer  should 
ever  keep  in  view,  is  by  exposing  coal  to  the  action  of  heat  in 
thin  strata,  to  obtain  the  greatest  quantity  of  gas  in  the  least 
time,  and  at  the  least  expense,  but  such  can  never  be  effected 
• by  retorts  like  these. 
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Having  thus  glanced  cursorily  at  tbc  various  modes  which 
have  been  adopted  for  setting  cylindrical  retorts,  it  may  not  be 
improper  to  notice  tbc  rotatory  retorts  of  Mr.  Clegg's  invention. 
In  doing  so,  we  are  to  observe  that  Mr.  Maiben,  of  Perth, 
invented  a retort  for  distilling  coal  by  exposing  it  to  the  action 
uf  heat  in  Ibin  strata.  From  Iris  experience  be  learnt  that  the 
gas  evolved  during  the  first  part  of  the  process  of  carbonize- 
non  w as  of  too  aqueous  a quality  to  be  lit  for  combustion,  and 
that  evolved  during  the  latter  pait  thereof  was  so  strongly 
impregnated  with  sulphur  as  to  be  highly  objectionable.  The 
reports  bn  made  use  of  were  of  a square  shape,  and  of  a size 
sufficient  to  carbonize  twenty-five  pounds  of  coal,  when  spread 
in  a layer  of  about  two  inches  deep.  The  coal  was  introduced 
into  the  retort  by  means  of  a sheet-iron  box,  which  was  charged 
and  slided  in  whenever  the  gas  was  extracted  from  the  former 
charge,  which,  under  such  management,  was  generally  accom- 
plished in  two  boms.  But  this  description  of  retort  being 
much  too  small  to  be  serviceable  in  large  establishments,  led 
Mr.  Clegg  to  construct  a retort  of  sufficient  capacity  for  car- 
bonizing about  one  chaldron  of  coals  j**r  diem.  The  first  of 
them  which  was  ever  put  up,  (being  eight  feet  six  inches  in 
diameter.)  as  were  also  the  second  and  third,  (each  of  twelve 
feet  six  inches  diameter,)  were  worked  under  my  observation. 
Each  of  these  retorts  contained  fifteen  boxes  which  slided  into 
the  retort,  upon  iron  arms,  as  described  in  the  specification 
of  the  patent.  Whilst  the  arms  could  he  kept  op,  they  were 
worked  without  much  difficulty.  The  coal  remained  in  the 
retort  six  hours,  but  was  only  one-lhird  of  that  time  exposed 
to  the  action  of  a red  heat.  Five  hoses,  having  passed  that, 
waited  for  the  coal  in  the  five  boxes  over  the  red  heat  being 
decomposed,  which,  on  being  done,  lho  retort  was  opened,  and 
those  five  boxes  which  bad  passed  the  red  heat,  were  drawn, 
and  fresh  ones  introduced  upon  the  arms  they  bad  occupied, 
which  process  brought  the  five  from  the  red  heat  to  the  situ- 
ation they  had  occupied,  to  wait  there  till  the  coal  in  the  next 
five  was  decomposed,  when  the  operation  of  change  was  again 
repeated ; so  that  there  were  continually  five  boxes  lately 
introduced  into  the  retort,  waiting  to  he  brought  over  the  red 
heat,  five  over  the  red  heat,  and  five  others  ready  for  being 
withdrawn  from  the  retort.  Had  not  the  expense  of  erecting 
retorts  of  this  description  been  very  considerable,  and  the  wear 
and  tear  enormous,  they  would  doubtless  have  been  adopted 
in  that  establishment  where  they  were  first  tried;  but  both 
were  so  much  against  them,  that  every  idea  of  using  them  was 
there  entirely  relinquished.  It  is  but  justice  to  state,  that 
those  retorts  produced  gas  at  the  rate  of  upwards  of  fifteen 
thousand  cubic  feet  per  chaldron  (twenty-seven  hundred  weight) 
of  coals;  that  ear  boniza  lion  was  carried  on  at  about  sixteen 
or  eighteen  per  cent. ; that  tbc  increase  of  coke  on  coal,  car- 
bonized, was  at  the  rate  of  fifty  per  cent. ; and.  lhal  the  process 
of  carbonizing,  under  those  circumstances,  was  accomplished 
in  about  six  hours. 

Mr.  Maibeu's  retorts  were  much  too  small  for  extensive 
manufactories;  the  rotatory  one  so  very  expensive,  that  it  was 
not  probable  either  would  be  brought  into  general  use.  To 
overcome  the  difficulties  arising  from  the  use  of  retorts,  Mr. 
Malam  proposed  that  elliptical  retorts  should  be  adopted, 
their  length  being  about  six  feet  six  inches,  their  transverse 
diameter  twenty  inches,  and  their  conjugate  diameter  ten 
inches.  From  retorts  of  such  shape  there  was  every  proba- 
bility that  the  results,  as  far  as  related  to  the  quantity  of  gas 
and  coke  obtained  from  a chaldron  of  coa's,  would  be  very 
similar  to  those  from  the  rotatory  retort ; whilst  the  expenso  of 
setting  them  was  but  little  more  than  would  have  been  incurred 
by  setting  an  equal  number  of  cylindrical  retorts,  and  not  near 
so  much  as  it  would  require  to  set  such  number  as  would  car- 
bonize equal  quantities  of  coals  in  equal  times.  The  elliptical 
retorts  had,  however,  one  great  advantage  over  the  cylindrical 
ones, —they  were  worked  off  in  half  the  lime ; and  five  of  them 
in  action,  worked  with  one  bushel  and  a half  of  coals  to  each, 
during  a few  hours'  charge,  would  produce  as  much  gas  in  a 
day  as  ten  cylindrical  retorts  worked  at  eight  hours'  charges, 
with  tvro  bushels  to  each  retort  every  charge.  The  elliptical 
retorts  on  which  my  observations  were  made,  were  set  in  an 
oven  and  heated  by  one  fire. 

The  semicircular  retort,  from  its  form,  is  likely  to  answer 


the  manufacturer’s  purpose,  if  set  with  judgment,  next  to  (lie 
rotatory  and  elliptical  ones  ; that  is,  ns  far  as  the  generation  of 
gas  and  the  production  of  coke  are  concerned;  but,  from  its 
shape,  its  durability  cannot  be  expected  to  be  equal  to  the 
latter.  The  action  of  tbc  fire  upon  the  lower  edges  will  very 
soon  destroy  it;  for,  it  must  be  obvious,  to  any  one  at  ail 
acquainted  with  fire-work,  how  very  powerfully  the  flame 
strikes  upon  any  angular  points.  This,  in  the  elliptical  retort, 
is,  of  course,  done  away  with,  whilst  the  advantage  arising 
from  its  shape  is  retained. 

The  square,  or  parallclopipcdnl  retort,  is  twenty  inches  in 
breadth,  thirteen  inches  high,  and  six  Tret  long,  inside.  It  has 
a rib  cast  along  the  middle,  on  the  inside  of  that  part  which  is, 
when  set,  the  bottom.  This  rib  rises  to  the  height  of  three 
inches,  but  docs  not  approach  nearer  to  the  mouth-piece  than 
about  eighteen  inches.  It  is  fur  the  purpose  of  strengthening 
the  bottom  of  the  retort,  and  preventing  it  from  failing  out  of 
shape ; but,  when  we  consider  the  mode  in  which  square  retorts 
are  set,  it  will  not  appear  to  be  necessary.  These  retorts, 
when  set  six  in  one  bed.  and  that  number  heated  by  one  fire, 
are  placed  close  alongside  each  other.  The  fire-place,  being 
at  one  end  of  the  range,  is  so  contrived  as  to  admit  of  tbe  flue 
being  carried  under  the  whole  raoge  towards  their  mouths  ; it 
is  then  brought  over  tbe  top  of  them,  and  agaiu  under  and  over 
in  the  like  way,  previous  to  its  heiag  allowed  to  enter  into  tbe 
main  flue.  Under  this  arrangement,  square  retorts,  weighing 
about  thirteen  hundred  weight,  being  set  and  worked  at  six 
hours'  charges,  with  one  busbel  and  a half  of  coals  to  each  as 
one  charge,  at  such  a heat  as  causes  ten  thousand  cubic  feet 
of  gas  to  be  generated  front  a chaldron  of  Ucwiekc  and  Cras- 
I tcr's  Wallsend  coal  (twenty -seven  hundred  weight),  are  found 
! to  remain  serviceable  one  year.  The  carbonization  is,  when 
they  aic  once  brought  to  a working  state,  carried  on  at  about 
twenty-flve  per  cent.;  but  tbey  require  to  be  fired  for  a fort- 
night or  three  weeks  before  they  are  at  a proper  temperature 
for  carrying  on  that  process. 

The  disadvantages  which  attend  the  use  of  those  retorts 
are.  first,  that  they  are  more  expensive  in  the  first  instance  than 
cylindrical  ones  ; secondly,  the  length  of  the  flue  passing  under 
and  over  them  being  extensive,  and  of  but  small  dimensions,  it 
frequently  becomes  choked  up.  and  requires,  for  clearing  it 
out,  various  openings,  When,  therefore,  it  is  found  necessary 
to  examine  those  flues,  it  generally  happens  that  tbe  beat  of 
the  retorts  is  very  considerably  decreased  ; and  when  we  con- 
sider the  lime  requisite  for  beating  them  in  the  first  instance, 
we  must  be  aware  that  such  a diminution  cannot  be  overcome 
but  by  a considerable  expense  of  fuel,  and  carrying  on  tbe 
prooess  very  unfavourably  and  imperfectly.  Lastly,  when  the 
retort  is  burnt  out,  the  cost  of  replacing  it  is  nearly  equal  to 
the  first  cost  of  setting;  whilst,  in  using  cylindrical  ones,  a 
retort  is  generally  replaced  for  about  three-fifths  of  its  first 
cost. 

On  the  6th  of  August,  1817,  a patent  was  obtained  by  John 
Perks,  for  an  arrangement  such  as  to  cause  thirteen  retorts, 
each  capable  of  carbonizing  a bushel  and  a half  of  coals  in  six 
hours,  to  be  heated  by  one  fire.  The  retorts  are  »o  placed, 
that,  when  the  observer  stands  in  front  of  them,  twelve  of  tbe 
number  form  a circle  round  tbe  thirteenth,  which  is  cylindrical, 
the  centre  thereof  occupying  the  position  of  the  common  centre 
of  the  surrounding  ones.  Tbe  shape  of  these  retorts  will  he  best 
understood  by  supposing  two  circles  struck  from  the  centre  of 
the  mouthpiece  of  the  thirteenth  retort:  the  inner  one  forming 
one  side  of  the  series  of  twelve,  and  tbe  outer  one  tbc  other. 
If,  then,  either  of  these  circles  be  divided  into  twelve  equal 
parts,  and  lines  drawn  from  the  inner  to  tho  outer  circle, 
radiating  from  their  common  centre,  the  transverse  vortical 
section  of  them  will  be  exhibited.  It  is  evident,  that,  under 
this  arrangement,  they  form  a complete  circle  of  large  diameter. 
The  month-pieces  are  formed  like  those  which  are  used  with 
the  souare  retorts,  and,  of  coarse,  the  conducting  pipes  and 
pipes  leading  to  the  hydraulic  main,  are  nearly  similar  to  those 
used  for  cither  cylindrical  or  square  retorts.  The  fire-place  is 
in  front  of  these  retorts,  and  as  tbey  are  all  enclosed  in  a circle 
of  brick-work,  which  is  divided  into  four  equal  parts  by  fire 
lumps  laid  horizontally,  and  so  brought  out  of  the  circle  as  to 
be  in  contact  with  tbe  adjoining  retort ; and  that  part  which  is 
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between  the  central  retort  and  the  others,  being  divided  in  a 
similar  way,  the  action  of  the  fire  is  under  three,  and  then, 
turning  over  their  ends,  it  comes  over  them  towards  their 
mouths,  where  it  finds  an  opening  leading  above  the  next 
three ; and,  passing  their  ends  downwards,  it  is  brought 
towards  the  mouths  a second  time,  and  so  on  in  like  manner, 
till  it  has  traversed  round  the  whole  series,  when  it  passes  into 
the  main  floe. 

Description  of  the  Method  of  setting  two  cylindrical  Retort $ on 
the  Flue  plan,  so  ns  to  he  heated  by  one  Fire. — Fig.  1,  represents 
a front  view  of  two  retorts  set  to  Fig.  1.  Fig.  2. 

one  lire  on  the  flue  plan.  In  it,  n — r ;r  > -i  IW  ~r— i 
the  manner  in  which  the  conduct-  ; j r:p-*  jMftij  1 r^~ 

ing  pipes  are  connected  to  the 1 — 1 

retorts  is  exhibited ; these  lead  pip/ • | nBBT^i~ 

to  the  hydraulic  main.  ; vA  Jl 

Fig.  2,  is  a vertical  section  ofti.  I 

the  same  retorts,  supposed  to  be1:— j 
drawn  about  midway  of  theirpt#\  Y 
lengths.  In  this  section  a r c p r c-  ky  I6|^  yjjp-rl 

sents  the  end  of  that  part  of  the!  d 

flue  leading  from  the  lire  under *— -r  --  pi- 

the  lower  retort,  which  rises  near !~~T  • - -j  h^rVH- 
the  mouth  piece  thereof  through  p i-H- 1 i p Li  SprpT" 
the  openings  h b,  and,  passing  u...l  ,.l.  J— _ 

between  the  two  retorts,  rises  over  the  eud  of  the  upper  one  ; 
and,  being  brought  over  the  top  of  it,  by  means  of  an  opening  c, 
about  nine  inches  from  the  mouth-piece,  enters  the  upper  flue, 
and  thence  passes  into  the  main  one.  ddd  are  end  sections 
of  the  fire-tiles;  on  p-  3 

the  two  lower  lines  of  

them  the  retoris  are  irrr^,: ~ 7~ 

upper  one  forms  the 

longitudinal  section  . _ f ^ * 

of  these  retorts.  In  i ■; •>] ^ r 

it,  a is  the  fire-place,  : ' ‘_i  1 

6 a section  of  the  fire- 

arrows. 

Description  of  the  Method  of  setting  sir  pa  r all t topi  pedal  Retorts, 
so  as  to  he  heated  by  one  Fire. — Fig  1,  represents  a transverse 
section  of  parallelopipedal  retorts,  in  which  six  arc  heated  hv 
one  fire.  These  retorts  are  twelve  inches  square  inside,  and 


■ suin' 


rix  feet  in  length.  Tlie  6re-pl.ee  ■ with  the  nih-pit  4 i,  planed 
t one  end  of  the  series,  but  so  as  when  the  observer  stands  in 
front  of  the  retorts  he  ah.ll  be  in  front  of  the  Srr-place  alio 
Coder  this  arrangement,  the  retort.  1 and  fi  heat  the  bc.t,  «od 
frtho  wor.L  If  the  reader  compares  the  ntoalion  of  the  8ne«, 
as  exhibited  in  fig.  2,  he  will  observe  that  there  are  four  which 
communicate  with  the  fire-place.  These  are  divided  by  lumps 
laid  edgewise  across  the  whole  series  of  retort*,  forming  the 
flue,  marked  tfrfdif,  fig.  a.  Thi.  range  of  «ue>  i.  co.cted  hv 
n to- tiles,  and  npoo  them  the  retorts  are  placed  close  alonrslde 
ol  rach  oilier.  O ter  the  top  of  the  retort  is  .range  of  flues  errs, 
w. 


Fig.  2.  which  corresponds  with 

| t t"~  I — i1  : 1 . r~pj~r"'  • • the  lower  ones,  and 

' gEBag^gS^g1'11"11 1 "'ll  ' these  are  covered  with 

1 t * fn  ,riiriii«Jlfrt -'iTraiBj  — fire-tiles  and  of  course 

with  fire-bricks.  Upon 
IT^rr  i the  latter  is  a third 

ZHZ  series  of  flues  of  about 

~r ' r ‘ j two-thirds  the  depth  of 

y;  ; - _ . the  former  ones,  and 

'f:  1 , 1 • ;_j  these  rise  by  the  open- 

- ing  /,  fig.  2,  into  the 

1 1 1 • 1 1 1 ■ ma*n  fi?*  i» 

I ^HjTj  ! njf-  r— ~3—  * — ' J the  transverse  direc- 

tn  iialriirlBn  HI  lion  0f  the  flue*  is 

shewn  by  the  arrows  leading  from  the  fire-place.  The  mouth- 
pieces of  these  retorts  are  circular,  as  shewn  upon  retort©,  fig.  I, 
last  column.  Fig.  2 represents  a longitodinal  section  of  these 
retort*,  in  which  the  flues  and  action  of  the  fire  have  already  been 
described.  A is  the  retort,  « the  fire-place,  6 the  ash-pit,  and  r 
the  flre-bar*. 

Description  of  the  Method  of  setting  fire  cylindrical  Retorts  tr 
one  Oven  heated  by  three  Fires , with  Sections  of  the  hydraulic 
Main  and  Dip- Pipes,  as  exhibited  in  the  Plate  of  Qst  Light  Re- 
torts.— Fig.  1 represents  a front  view  of  the  retorts  A A A A A, 
a*  set  and  in  a finished  state.  In  it  the  two  upper  retorts  are 
shewn  without  the  lids  of  their  respective  mouth-pieces  : the 
two  outer  lower  ones  with  the  lids  on,  but  without  their  being 
secured  by  the  cross-piece  shewn  upon  the  middle  one.  The 
bed  of  these  retoris  is  supported  by  an  arch  of  brick-work, 
marked  B B.  It  is  brought  so  far  forward  as  to  allow  room 
enough  fur  the  stokers  to  charge  and  draw  the  retorts,  and  for 
a sufficient  quantity  of  coals  to  he  kept  for  supplying  two  or 
three  charges,  with  fuel  for  present  use,  luting,  tools,  &c.  Im- 
mediately in  front  of  the  retorts  is  introduced,  instead  of  part 
of  the  key-stone  for  the  arch,  a cast-iron  frame  of  about  three 
I feet  and  a half  long,  and  two  feci  broad  at  Die  top,  with  an 
iron  door  fitted  to  it.  The  bottom  of  the  frame  is  struck  to  the 
I radius  of  the  arch,  and  of  course  the  sides  taper  inwards  in 
I proportion  to  that  radius.  The  situation  of  the  opening  is 
expressed  at  C.  This  opening  is  for  the  purpose  of  allowing 
the  red-hot  coke  when  drawn  from  the  retort  to  fall  into  tho 
archway  at  I),  a a a,  the  doors  of  the  fire-places,  bbb  the  doors 
of  the  asb-pits.  These  doors  arc  furnished  with  three  perpen- 
dicular slits  of  about  two-thirds  their  length  and  five-eighths  of 
an  inch  in  diameter,  for  allowing  a current  of  air  to  pass  to  the 
fires.  The  dimension*  of  these  slits  can  be  decreased  by 
another  piece,  made  with  openings  to  correspond,  which  slides 
horizontal!.*  in  grooves  in  a line  with  them,  so  ns  to  regnlate 
the  admission  of  air  to  such  a degree  as  the  operator  may 
desire,  ccccc  are  the  conducting  pipes  which  convey  the  gas 
as  it  is  evolved  from  the  retorts  towards  the  hydraulic  main. 
ddddd  front  sections  of  the  H pipes,  see  re.  front  sections  of 
the  dip-pipes,  with  the  saddles  through  which  they  are  bolted 
to  the  hydraulic  main.  E the  hydranlic  main,  F the  main  pipe 
for  conveying  iho  gaseous  and  other  products  evolved  towards 
their  respective  reservoirs.  GOflO  cast-iron  columns  fitted 
with  crutches  at  the  tops  of  the  upper  ones  for  supporting  the 
hydraulic  main. 

Fig.  2 is  a section  of  tho  same  retorts,  which  supposes  them 
to  be  cut  through  from  the  top  to  the  bottom  about  the  middle. 
In  this  section,  the  hydraulic  main,  dip,  and  conducting  pipes, 
arc  not  shewn.  AAAAA  the  retorts,  aaaaaa,  such  part 
of  the  arch  forming  the  oven  and  brick-work  contiguous  to  the 
fire-places,  all  of  which  require  to  be  constructed  of  Welsh  (ire 
and  arch  bricks.  The  crown  of  the  oven  is  flattened  by  means 
of  Welsh  fire-tiles  as  at  b.  At  the  extreme  end  of  the  oven  are 
two  openings,  which  lead  into  the  two  small  fines  ec.  These 
fines  pass  above  the  top  of  the  oven  towards  the  front  of  the 
retort,  and  then  each  turns  towards  the  centre  fine  d,  which 
having  entered,  that  one  leads  towards  the  main  flue  H,  which 
it  enters  through  the  opening  r.  ff  f are  the  fire-places,  and 
ggg  the  ash-pits.  AAA  are  fire-lumps  placed  beneath  (he 
lowermost  retoris,  for  protecting  them  from  the  action  of  the 
fire.  The  two  upper  retorts  are  supported  near  their  middle 
by  wrought- iron  belts,  which  are  brought  through  the  upper 
part  of  the  ovea,  and  passing  through  a cast-iron  bearing  bar 
6 A 
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placed  above  it,  are  secured,  by  means  of  nuts,  in  the  situ- 
ation wanted.  When  the  oven-plan  was  first  introduced,  the 
retorts  were  supported  by  cast-iron  props  bedded  in  the  brick- 
work, crutch-shaped  at  the  top,  and  rising:  to  a proper  height 
to  receive  them.  They  are  not  now  used,  and  therefore  not 
shewn  in  the  plate. 

Fig.  3,  is  a longitudinal  section  of  cylindrical  retorts  set  on 
the  oven  plan.  A A are  the  retorts,  the  mouth-piece  of  the 
lower  one  being  secured  by  the  lid  and  cross  piece , the  upper 
one  is  shewn  without  the  lid.  /is  the  Are- place,  with  the  posi- 
tion of  the  grate-bars,  g is  the  ash-pit  Tbe.  action  of  the  fire 
is  Use  same  in  this  section  as  has  been  already  described  by  fig. 
2:  the  Name  baring  exerted  its  force  in  the  oven,  rises  by  the 
opening  shewn  at  Ibo  extreme  end  of  the  retorts,  and  passes 
along  the  flue  towards  their  mouths  till  it  conies  to  d,  when  it 
eoters  the  middle  flne  lying  parallel  to  the  fluec;  that  leads 
into  the  rising  part  e,  and  thence  into  the  main  flue  II.  A is 
the  conducting-pipe  which  conveys  the  gaseous  and  other  pro- 
ducts from  the  retorts  to  (be  H pipe  i,  and  that  carries  them 
into  the  dip-pipe  k , which  enters  into  the  hydraulic  main  K. 
In  this  section  of  the  hydraulic  main,  the  third  by  which  the 
dip'pipe  is  sealed  is  shewn  as  at  /,  through  which  the  gas 
bubbles  up  as  it  is  evolved,  and  passes  along  the  upper  patt  of 
the  hydraulic  main  towards  the  main  pipe  F (ns  shewn  in  fig.  I)  ' 
on  its  way  to  the  condenser.  The  hytliaulic  main  is  supported 
in  this  section  in  a similar  way  to  what  was  shewn  in  tig.  1 ; 
but  instead  of  a brick  arch  for  supporting  the  floor  id  front,  m 
is  one  of  a range  of  beams  for  supporting  a cast-iron  floor,  rt 
is  the  opening  for  allowing  the  coke  when  drawn  from  the 
retorts  to  fall  on  tbe  floor  a.  This  opening  is  covered  by  an  I 
iron  door,  which  is  closed  at  all  limes,  save  when  the  retorts  I 
arc  drawing. 

Description  of  Mr,  John  Malam't  Method  of  setting  Fire  of  his 
Elliptical  Retorts  in  one  Oven  healed  by  three  Fires,  withSec-  \ 
twHS  of  the  Hydraulic  Main  end  Dip-Pipe,  as  exhibited  in  the 
Plate  of  Gas  Light  IUtorts,  Figs.  4,  5,  mod  6.— Fig.  4 repre- 
sents a front  view  of  the  retorts,  as  set  and  in  a finished  state.  , 
The  arrangement  of  the  retorts,  hydraulic  main,  dip  and  H 
pipes,  being  nearly  similar  to  that  described  above,  a repetition 
of  description  is  not  necessary  here : we  shall,  therefore,  only 
describe  soch  parts  as  differ  from  the  former  mode  of  setting. 
In  front  of  these  retorts  is  a cast-iron  plate  AAA  A,  against 
which  the  Ranch  of  the  retort  rests-  At  each  corner  of  this 
plate  is  a hole  for  receiving  a bolt.  This  passes  through  the 
brick-work  to  the  hack  of  the  retorts,  which  is  supported  by  a 
plate  of  similar  dimensions  to  that  in  frout,  cast  with  openings  . 
opposite  tbe  end  of  each  of  the  retorts.  These  opening*  are 
secured  by  plugs,  which  aro  removed  when  it  is  requisite  to 
replace  a retort  that  may  be  worn  out  In  it  are  also  openings 
for  tbe  sights.  Tbe  bolts  slated  to  pass  through  (be  front  plate 
pass  through  this  also,  and  both  are  secured  together  by  screw- 
ing up  their  respective  nuts.  Under  this  arrangement,  it  is 
not  Decessary  to  disturb  any  of  the  brick-work,  when,  from  a 
retort  becoming  ineffective,  it  requires  replacing.  Tbo  fires 
for  heating  these  retorts  are  placed  at  their  back. 

Fig.  5,  is  a section  of  tbe  same  relorls,  which  supposes  them 
to  be  cut  through  from  the  top  to  the  bottom  about  tbe  middle. 
a a are  fire-lumps  placed  edgewise  so  n*  to  divide  the  distance 
between  the  exterior  lumps  bb  into  three  equal  parts  corre- 
sponding with  the  fire-places,  etc  are  the  ends  of  the  arches 
over  the  respective  fire-places  as  they  meet  the  dividing  Jumps 
««.  ddd  are  three  fire-tiles  resting  upon  the  lumps  baab; 
these  tiles  form  a bridge  from  one  side  of  the  oven  to  the  other. 
eefet  is  a section  of  the  oven,  the  rising  part  on  each  side 
marked  et  being  constructed  of  Stourbridge  arch  bricks,  and 
the  flattened  part  / of  Welsh  lumps  or  fire-tiles,  gg  arc 
sections  of  the  two  horizontal  flues  which  rise  near  the  mouth 
of  the  retort,  and  pass  towards  the  main  flue. 

Fig.  6 is  a longitudinal  section  of  elliptical  relorls  set  on 
Mai  urn's  plan.  A A arc  the  retorts,  b is  the  fire-place,  c is  a 
section  of  the  grate  bar.  The  lower  edge  of  this  bar  is  cham- 
fered off  and  of  a circular  form.  It  is  of  sufficient  depth  to 
allow  the  action  of  tbe  cool  air  through  the  ash-pit  to  have  full 
effect  upon  It,  thus  preventing  the  very  rapid  destruction  which 
generally  attends  cast-iron  grate  bars,  /is  the  ash-pit.  a is 
m section  of  the  lump  for  dividing  the  flames  from  the  different 


fire-places,  d t s a section  of  the  tiles  which  form  tbe  bridge. 
Tin:  flame  acting  under  the  arch  c,  as  expressed  in  this  and  the 
former  figure,  passes  between  the  dividing  lumps  under  the 
range  of  tiles  d,  and  there  divides  itself  in  the  direction  of  tbe 
two  arrows,  by  this  means  causing  the  heat  to  act  uniformly  in 
the  oven.  The  opening  flue  is  expressed  at  g— it  passes  along 
h,  and  rises  at  i,  preparatory  to  entering  tbe  main  flue.  These 
retorts  arc  cast  with  a cylindrical  projecting  end,  which  is 
received  into  the  brick-work : they  are  also  supported  by  cast- 
iron  props  (bedded  in  the  brick-work  beneath  them)  crutcb- 
stiaped  at  the  top.  The  section  of  the  hydraulio  main,  dip,  and 
H pipe,  as  also  of  the  Moor,  is  the  same  as  shewn  in  the  sec- 
tion of  cylindrical  retorts  set  on  the  oven  plan,  page  365,  to 
the  description  of  which  our  readers  are  referred. 

The  annexed  figure,  is  a transverse 
section  of  the  couplings  which  sur- 
round the  retort  when  it  is  set.  The 
face  of  the  couplings  is  brought  close 
up  to  the  Ranch  of  the  reloit.  fti  the 
follow  ing  figure,  a a is  n longitudinal 
section  of  the  couplings,  they  are 
wedge-shaped.  A is  a section  of  part 
of  the  retort,  bb  the  iron  plate  in  front  of  the  oven,  cast  with 
Ranches  verging  inwards  so  as  to  fit  to  tbe  couplings  when 
brought  to  their  places  by  the  flam-h  of 
the  ictort  coming  close  to  the  plate, 
re  part  of  the  brick-work  in  front  of 
tbe  oven,  so  angled  off  as  to  allow  the 
heat  to  approach  as  near  the  mouth- 
piece ns  the  couplings  will  permit. 

When  this  plan  is  adopted,  it  is  evi- 
dent that,  by  introducing  ihe  couplings 
nearly  to  their  places,  and  bedding 
them  in  cement,  the  bringing  of  the 
retort  to  iu  situation  in  the  oven  will 
force  them  up,  and  form  a complete 
joint  round  It  On  the  contrary,  when 
a retort  becomes  defective  by  displac- 
inj  the  plug  opposite  to  the  end,  and 
bringing  a purchase  upon  that  end  by  means  of  an  iron 
bar,  (the  joint  between  the  mouth-piece  and  gas  conducting 
pipe  being  first  broken)  it  will  be  forced  out  of  the  situation  it 
had  occupied,  and  loosen  the  couplings.  When  tbe  retort  has 
been  moved  about  a foot,  they  may  be  taken  away,  thus  leav- 
ing sufficient  room  for  the  retort  to  pass : it  may  be  drawn  out 
by  a purchase  made  fast  to  an  eye-bolt  in  Ihe  wall  opposite 
thereto,  and  a new  one  introduced  into  its  place,  tbe  whole 
operation  being  performed  in  two  or  three  hours. 


Mr • Pechstmfs  TahLK,  exhibiting  at  one  Vie*)  the  Advantages  and 
Disadvantages  which  arise  to  ihe  Manufacturer  from  the  Vtt  of 
different  Kinds  of  Retorts  variously  worked. 
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In  the  first  column  of  Ihe  foregnine  table,  from  A is  to  he 
understood  that  the  results  expressed  in  a line  with  that  letter 
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•rise  from  the  use  of  cylindrical  retorts  of  the  dimensions,  Ike.  | 
as  hereafter  mentioned,  that  is  to  say, — Dimensions,  6)  feet 
long,  I foot  diameter  inside ; weight,  10  cwt.  2 qrs. ; price, 
per  ton,  £12;  first  cost  of  setting,  including  retorts,  brick- 
work, labour,  hydraulic  main,  and  connexions,  with  coke 
hearth,  complete,  £23  ; cost  of  replacing  one  that  may  be  worn 
out,  £16. 

Those  marked  B in  the  first  column  arc  of  the  same  dimen- 
sions, price,  and  weight. 

Those  marked  C are  elliptical,  and  of  the  following  dimen- 
sions, &c. Length  6$  feet;  transverse  diameter  inside,  20 
inches  ; conjugate  diameter  inside,  10  inches  ; weight.  13  cwt. 
2 qrs. ; price,  per  ton,  £13;  first  cost  of  setting,  including 
retorts,  brick-work,  labour,  hydraulic  main,  and  connexions, 
with  coke  hearth,  complete.  £26;  cost  of  re-setting,  when  the 
oven  in  which  they  are  placed  requires  to  be  rebuilt,  £18. 

Those  marked  D are  parallelopipedal  shaped,  and  of  the  fol- 
lowing dimensions.  Slc.  : — Length,  G feet;  breadth  inside,  20 
inches;  depth  inside,  13  inches;  weight,  cwt.  13;  price,  per 
ton,  £12;  Hist  cost  of  setting,  including  retorts,  brick-work, 
labour,  hydraulic  main,  and  connexions,  with  coke  hearth, 
complete,  £21 ; cost  of  re-setting.  £18. 

The  letter  a in  the  last  column  of  the  table,  implies  that  the 
results  opposite  thereto  arc  from  retorts  set  on  the  flue  plan, 
two  being  heated  by  one  fire  at  the  back  of  the  retorts.  The 
letter  b in  the  same  column, — retorts  set  on  the  flue  plan,  three 
being  heated  bjr  one  fire  in  front  of  them.  The  letter  e, — retorts 
set  on  the  flue  plan,  and  four  heing  heated  by  one  fire  at  the 
side  opposite  to  their  mouths.  The  letter  H.— retorts  set  on 
the  oven  plan,  five  being  heated  by  three  fires  immediately 
beneath  the  front  of  them.  The  letters  implies  that  the  retorts 
are  elliptical  and  set  on  Malam’s  plan,  fire  being  beatrd  by 
three  fires  at  the  back  of  them.  The  letter f relates  to  pnrallelo- 
pipcdal  retorts,  twelve  being  set  in  one  bed  and  heated  by 
two  fires;  the  Dues  passing  under  and  over  six  retorts  from 
each  fire. 

When  cylindrical  retorts  are  set  two  to  one  fire,  so  as  to 
produce,  when  worked  at  a bright  red  heat,  in  the  proportion  of 
10,000  cubic  feet  of  gas  to  a chaldron  ; if  the  temperature  be 
decreased,  they  will  not  produce  much  more  than  8000  cubic 
feet  to  the  chaldron ; but  their  durability  will  be  extended  to 
twelve  months ; and  sueh  decrease  of  temperature  under  any 
of  the  arrangements  exhibited  in  the  foregoing  Tabic,  when 
working  cylindrical  retorts,  will  cause  a proportionate  decrease 
in  the  quantity  of  gas  generated,  and  an  increased  durability 
to  the  distillatory  vessel. 

Whilst  cylindrical  retorts,  worked  at  a low  temperature,  are 
producing  but  8000  cubic  feet  of  gas  from  a chaldron  of  coals 
in  eight  hours,  the  rotatory  retorts  would  in  six  hours  produce 
from  Id  to  IG.tlOO  cubic  feet  of  gas  from  the  same  quantity  of 
coal;  and  the  elliptical  retort  from  14  to  16,000  in  four  hours. 

When  cylindrical  retorts  are  set  on  the  flue  plan,  and  four 
healed  by  one  fire  at  the  back,  should  they  be  fitted  with  Mr. 
Peckston’s  apparatus  for  removing  a defective  one,  they  would 
always  work  eight  hours’  charges  of  two  bushels  to  each  retort  at 
26 per  cent.,  producing  10.000  cubic  feet  of  pas  to  the  chaldron  ; 
mod.  when  worn  out,  might  be  replaced  for  about  seven  pounds 
each. 

Carbonization. — Were  it  requisite  to  go  into  calculation  upon 
the  different  modes  of  working  the  retorts,  taking  the  results  of 
experiments  made  at  different  times  and  under  various  circum- 
stances as  data,  it  might  be  most  clearly  proved  how  much  in 
all  cases  the  longer  process  excels  the  shorter.  In  order,  in 
some  measure,  further  to  elucidate  this  point,  to  observe,  that 
whenever  pit  coal  is  to  be  submitted  to  the  process  of  distilla- 
tion, the  time  for  the  process  cannot  be  shortened  to  less  than 
eight  hours,  unless  we  have  the  means  of  exposing  the  coal  to 
the  action  of  heat  in  thin  strata, — say  four  inches;  and  when 
coa!  is  so  exposed  in  cylindrical  retorts,  that  retort  which, 
when  worked  at  the  eight  hours’  process,  is  capable  of  carbon- 
izing two  bushels  of  coal,  would  only  carbonise  about  threc- 
fiftbs  of  a bushel.  The  segment  of  a circle,  whose  altitude  is 
four  inches,  and  chord  eleven  inches  and  a quarter,  bearing 
such  proportion  to  the  capacity  of  the  retort,  the  diameter  of 
which  is  about  twelve  inches.  We  arc  told  by  those  who  have 
the  management  of  carbonising  in  different  manufactories,  that 


when  the  six  hours’  process  is  adopted,  the  charge  in  from  a 
hnshrt  and  a quarter  tv#  a bushel  and  a hall.  In  such  case, 
the  mass  of  coni  is  by  no  means  suflieieutly  diminished  so  as  to 
cause  the  process  to  be  performed  with  advantage.  When  the 
retort  is  so  charged  and  worked,  the  heat  verging  from  all 
directions  towards  the  centre,  will  meet  with  nearly  the  same 
obstacles  to  prevent  the  extrication  of  the  gus,  as  if  it  had  been 
fully  charged. 

With  respect  to  these  shorter  charges  when  worked  off  by 
cylindrical  retorts  set  on  the  oven  plan,  the  same  arguments 
which  have  been  already  advanced  will  hold  good  in  favour  of 
the  eight  hours’  process,  but  with  considerably  more  weight, 
inasmuch  as  the  wear  and  tear  of  the  retort  will  be  propor- 
tionally greater.  Wo  may,  therefore,  from  what  has  been  said, 
draw  this  conclusion,  namely,  that  whenever  cylindrical  retorts 
are  used,  let  the  mode  of  setting  he  what  it  may,  the  operator 
ought  never  to  work  off  bis  charge  in  less  than  eight  hours,  and 
that  with  such  heat  as  would  produce  from  one  chaldron  of 
Newcastle  coal  (twenty-seven  hundred  weight)  the  average 
quantity  or  ten  thousand  cubic  feet  of  gas. 

When  semicircular  or  elliptical  retorts  arc  used,  cither  will 
admit  of  the  charge  being  worked  off  in  much  less  time  than 
can  be  effected  with  cylindrical  ones.  For,  in  using  the  first, 
it  would  be  advisable  to  introduce  the  coal  into  the  retorts  by 
means  of  sheet-iron  trays  nearly  of  their  length  and  breadth, 
and  about  four  or  five  inches  deep.  By  having  two  sets  of 
trays  for  the  retorts  in  action,  the  time  usually  lost  in  charging 
would  be  greatly  decreased,  as  would  also  the  stoker’s  labour. 
By  the  mode  most  generally  practised,  the  raking  the  ignited 
coke  out  »f  the  retort  is  not  only  very  laborious,  but  also  at- 
tended w ith  much  loss  of  time,— both  which  would  be  avoided  by 
the  mode  suggested  ; for  by  using  the  trays,  the  spare  ones  might 
be  charged  with  the  proper  quantity  of  coal  preparatory  to  the 
time  for  drawing,  and  by  that  means  almost  the  only  time 
occupied  in  the  operation  would  be  that  reqaired  for  breaking 
the  joints  of  the  mouth-pieces,  and  making  them  good  again. 

Carbonization,  when  carried  on  by  means  of  semicircular 
retorts,  if  proporlv  set,  has  a decided  preference  over  cylindri- 
cal ones; — for,  as  the  great  art  of  making  gas  to  advantage, 
depends  upon  exposing  coal  to  the  action  of  beat  in  thin  strata, 
such  kind  of  retorts  are  particularly  adapted  to  the  purpose. 
They  have,  however,  one  disadvantage,  which  has  not  passed 
unnoticed.  The  action  of  the  flame  upon  the  angles  at  their 
base,  tends  towards  destroying  them  with  considerable  rapi- 
dity. To  guard  against  sueh  destruction,  the  angular  part  has 
been  rounded  off  so  as  to  present  an  nrc  of  a circle  to  the  fire, 
instead  of  an  acute  angle,  and  such  alteration  was  doubtless 
for  the  better.  Were  such  retorts  set  on  the  plan  of  an  air- 
furnace,  iit  which  every  part  of  them  could  be  regularly  heated, 
withont  directing  the  beat  more  forcibly  against  one  particular 
part  than  another,  they  could  hardly  fail  of  answering  a very 
desirable  end  to  the  manufacturer  of  coal-gas.  From  the 
nomerous  experiments  made  on  the  distillatory  process,  on 
the  plan  of  submitting  the  coal  thereto  in  thin  strata,  it  can 
hardly  he  doubted  bnt  retorts  of  this  description,  if  set  with 
judgment,  would  remain  serviceable  from  six  to  eight  months, 
being  charged  every  four  hours,  night  and  day,  with  two 
bushels  of  coal  each,  and  worked  at  such  heat  as  to  produce 
from  a chaldron  of  coals  the  average  quantity  of  thirteen  thou- 
sand cubic  feet  of  gas,  with  an  increase  of  coke,  (particularly 
adapted  for  parlour  fires,  as  well  as  culinary  purposes,)  of  40 
per  cent  npon  the  quantity  of  coal  carbonized ; consequently, 
that  five  retorts  of  this  description  w ould  produce  as  much  gas 
during  the  space  of  twenty-four  hours  as  would  require  twelve 
cylindrical  retorts  to  be  worked  at  eight  hours'  charges  with 
two  bushels  of  coals  to  every  charge,  or  sixteen  cylindrical 
retorts  worked  the  same  time  with  a bushel  and  a half  of  cool* 
to  each  retort  for  one  charge. 

As  what  has  been  said  on  the  subject  of  carbonization  when 
carried  on  by  means  of  semicircular  retorts,  is  in  almost  all 
respects  applicable  thereto  when  square  retorts  arc  used,  it 
therefore  will  not  be  necessary  to  take  up  the  reader’s  time  by 
speaking  of  it  here. 

The  next  mode  of  carrying  on  the  process  of  carbonisation  is 
by  means  of  elliptical  retorts,  for  which  purpose  it  would  be 
| difficult  to  find  a better.  The  elliptical  retort  combines  in  it 
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the  durability  of  the  cylindrical  one,  with  the  advantages 
obtained  by  exposing  the  coal  thinly  to  the  action  of  heat  upon 
u large  surface,  and  therefore,  when  it  is  used,  the  process  will 
be  accomplished  in  aboat  four  hours.  Upon  retorts  of  this 
description  I have  bad  opportunities  of  making  observations, 
the  result  of  which  leads  me  to  pronounce  such  well  adapted 
for  promoting  the  interests  of  the  manufacturer.  Five  ellip- 
tical retorts  are  capable  of  carbonizing  forty -five  bushels  of 
coal  per  diem,  and  of  generating  from  that  quantity  of  coni 
about  seventeen  thousand  cubic  feet  of  gas.  or  at  tho  rato  of 
fourteen  thousand  cubic  feet  per  chaldron.  From  one  chaldron 
of  coal,  when  elliptical  retorts  arc  used,  will  be  produced  a 
chaldron  and  a half  of  saleable  coke.  The  elliptical  retorts  on 
which  my  observations  were  made,  were  sot  five  to  one  fire, 
and  so  well  was  the  heat  disposed  of,  that  from  one  end  to  the 
other  they  remained,  whilst  in  action,  at  a bright  cherry  red- 
ness ; being  kept  so  night  and  day  for  more  than  ninety  days, 
they  were  not  much  injured, — from  their  appearance,  there 
could  be  little  doubt  but  they  would  remain  serviceable  nearly 
twelve  months.  They  were  charged  and  drawn  in  the  usual 
way  ; but  notwithstanding  the  charging  and  drawing  was  more 
frequent,  the  stokers  found  it  more  easy  to  work  them  than  a 
like  number  of  cylindrical  retorts.  Their  shape  allowed  room 
to  rake  out  the  coke  more  rapidly  than  could  be  dofie  from 
those  of  a cylindrical  form,  and  the  coke  not  being  so  compact 
when  produced  in  tho  elliptical  retort,  required  considerably 
less  labour  to  clear  it  from  thence.  It  would  be  no  exaggera- 
tion to  state  the  results  arising  from  the  use  of  these  retorts, 
to  bear  similar  proportions  of  advantage  over  the  cylindrical 
ones,  to  those  stated  when  speaking  above  of  semicircular- 
shaped  retorts. 

The  annual  expense  of  cylindrical  retorts,  w hen  worked  at 
eight  hours'  charges,  together  with  the  wear  and  tear  of  rrate- 
bars,  is  stated  to  be  £2300,  when  worked  to  produce  44,568.684 
cubic  feet  of  gas.  When  elliptical  retorts  are  used,  one  retort 
will  remain  in  a sound  working  state  about  twelve  months;  if. 
therefore,  we  calculate  the  expense  of  elliptical  retorts,  with 
their  appendages,  for  one  year,  and  compare  the  various  results 
together,  we  shall  find  how  far  they  arc  advantageous 

By  using  elliptical  retorts,  worked  at  the  four-hours'  pro- 
cess, it  would  require  about  forty  retorts  to  be  kept  constantly 
at  work  to  produce  857,607  cubio  feet  of  gas  per  week,— such 
retorts  so  worked  would  remain  serviceable  twelve  months, 
consequently  there  would  be  hut  forty  burnt  out  in  a year, — 
the  cost  of  replacing  each  being  £18.  amounts  to  . . . .£720  0 0 
Wear  and  tear  of  grate-bars, 00  0 0 

£780  0 0 

Expense  of  cylindrical  retorts,  Ice.  for  one  year,  when  worked 
at  tho  eight-hours’  process,  so  as  to  obtain  44,596.G8t  cubic 

feet  of  gas.  is £2300  0 0 

Elliptical  retorts  as  above, 7n0  0 0 

Balance  in  favour  of  the  elliptical  retorts £1580  0 0 

Annual  balance  in  favour  of  working  elliptical  retorts  as 
above  described,  over  cylindrical  ones  at  eight  hours’  charges, 
as  far  as  relates  tocoals,  products,  and  labour £1135  1 3J 

Ditto,  as  far  as  relates  to  the  wear  and  tear  of 
retorts,  grate-bars,  Ico 1580  0 0 

The  sum £2715  1 3) 

is  the  total  annual  balance. 

The  annual  balance  in  favour  of  working  cylindrical  retorts 
at  eight  boors'  charges  over  charges  of  six  hours,  when 
required  to  generate  by  either,  44,668,664  cubic  feet  of  gas  in  a 


year,  was  stated  to  be  . £5611  16  10 

Therefore,  if  to  this  we  add  the  balance  as 

above  io  favour  of  elliptical  retorts,  2715  8 3} 

we  have £8226  18  1} 


saved  In  one  year  by  using  elliptical  retorts,  in  preference  to 
carbonising  with  cylindrical  ones,  let  them  be  set  as  tbey  may, 
if  worked  at  six-boon’  charges,  with  a bushel  and  a half  of 
coals  to  each  as  aa  average  charge. 


! Hydraulic  Mains  and  Dip  1‘iptt. — By  the  term  44  Hydraulic, 
Main."  as  used  in  the  gas-light  establishments,  is  understood 
that  cast-iron  pipe  which  is  supported  by  columns  in  frout  of 
the  brick  work  enclosing  the  retorts.  It  is  so  situated,  as  to 
lie  parallel  to  the  top  of  that  brick  work,  at  a distance  of  from 
twenty  inches  to  two  feet  from  it.  Its  use  is  to  receive  the 
44  Pip  Pipes,"  through  which  the  gas,  as  it  is  evolved  from  the 
retort,  passes,  together  with  the  other  products,  on  its  way  to 
the  condensing  main,  or  to  the  vessel  employed  for  condensa- 
tion, as  the  case  may  be.  The  diameter  of  the  hydraulic  main 
is  various  in  different  establishments  ; in  some  it  is  ten  inches, 
in  others  twelve  or  fourteen.  In  works  where  not  more  than 
from  forty  to  sixty  cylindrical  retorts,  six  feet  and  a half  long, 
and  one  in  diameter,  arc  set  in  one  retort-house,  a diameter  of 
twelve  inches  will  be  sufficient.  It  is  generally  constructed  of 
flanch  pipes,  in  lengths  of  nine  feet  each.  Due  end  of  it  is 
closed  by  a blank  flanch  so  as  to  be  perfectly  air-tight,  the 
other  has  a seiniflanch  placed  across  it,  of  sufficient  height  to 
prevent  the  liquid  introduced  into  the  main  from  sinking  below 
a certain  level ; — it  is  of  advantage,  that  similar  scmiflancbes 
be  placed  between  every  length  of  pipe  forming  the  hydraulic 
main.  These  flanches  should  rise  two  inches  and  a half  above 
the  line  of  the  bottom  of  the  dip-pipes ; by  such  means,  the 
gas,  as  it  is  discharged  from  the  retort,  will  always  have  to  pass 
through  such  depth  of  fluid,  before  it  can  enter  into  the  hydrau. 
lie  main. 

The  use  of  the  hydraulic  main,  as  has  been  already  stated, 
being  for  receiving  the  dip-pipes,  wc  arc  to  consider  what  end 
tbey  may  be  intended  to  answer. 

A section  of  the  hydraulic  main,  with  tho  moat  approved 
dip-pipe,  is  given  in  the  Plate,  fig.  2.  The  dip-pipe  is  about 
two  feet  in  length, and  three  inches  diameter  inside;  at  the  top 
is  a socket  for  receiving  another  pipe  of  the  same  diameter. 
At  about  eight  inches  from  the  spicket-end  of  the  dip-pipe  is  a 
circular  saddle  of  about  nine  inches  diameter,  cast  to  the  radius 
of  the  exterior  surface  of  the  hydraulic  main.  This  main  being 
tapped  for  the  reception  of  such  a number  of  dip-pipes  as  there 
are  retorts  to  work  into  it,  they  are  jointed  upon  it  by  means 
of  iron  cement  in  the  usual  w ay  ; when  that  is  done,  it  is  evi- 
dent that  the  range  of  the  spicket-end  of  these  pipes  will  equally 
descend,  and  of  coarse,  supposing  the  hydraulic  main  to  be 
placed  perfectly  level,  which  it  always  ought  to  be,  should  one 
of  them  be  immersed  two  inches  and  a half  in  any  liquid  that 
it  may  contain,  each  one  of  the  range  will  be  so. 

Now,  when  it  is  considered,  that  if  there  were  not  some  con- 
trivance for  preventing  the  gas  returning  from  the  main  pipes 
towards  the  retorts,  when  the  mouth-pieces  are  removed  in  the 
operation  of  drawing,  either  hy  stop-cocks  on  each  of  the  “ gas 
conductors,"  or  other  means,  the  process  would  not  only  be 
very  wasteful,  but  extremely  hazardous ; for,  as  the  gas  would 
be  passing  over  by  means  of  the  conducting  pipes  to  the 
hydraulic  main,  in  a range  of  sixty  retorts,  from  fifry-two  of 
| them,  whilst  eight  were  drawing,  it  would  follow  that  the  whole 
j quantity  of  gas  then  generating  would  escape  at  the  mouths  of 
the  retorts  that  had  their  lids  taken  off,  and  burst  forth  with 
such  a flame  as  no  one  could  come  near;  if  not  attended  with 
still  more  serious  consequences  by  the  admission  of  atmosphe- 
i ric  air,  which  might  cause  the  most  violent  explosion. 

The  necessity  of  means  being  adopted  for  preventing  such 
things  happening,  is  obvious;  and  a more  simple,  and  at  the 
same  time  safe,  method  than  that  of  the  hydraulic  main  and 
dip-pines  could  hardly  have  been  thought  of ; for,  had  stop- 
1 cocks  been  used,  they  would  have  been  attended  with  consi- 
derable trouble,  and  always  liable  to  get  out  of  order,  so  much 
so,  that  no  dependence  could  be  placed  upon  them ; for  the  tar 
and  amraoniacal  salts  would,  in  a few  days,  so  clog  the  plugs 
as  to  render  them  immoveable.  If  the  pressure  upon  the 
hydraulic  main  from  the  purifying  vessel  be  greater  than  the 
distance  between  the  beno  of  the  H pipe  and  the  spicket-end  of 
the  dip-pipe,  in  the  hydraulic  main,  the  gas,  after  having  once 
entered  that  main,  cannot  be  forced  back  to  the  retort. 

By  the  pressure  from  the  purifying  Tessel,  is  to  be  under- 
stood, the  depth  of  lime  in  solution  through  which  the  gas, 
after  entering  it,  has  to  rise  through  before  it  can  escape  to  the 
gas-holder,  the  most  usual  depth  of  the  purifying  mixture 
through  which  the  gas  babbles  up  in  purification  being  ten 
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inches,  the  purifying  vessel  is  said  to  be  worked  at  ten  inches* 
pressure.  The  length  of  the  dip-pipe  is  two  feet;  from  the 
top  of  it  to  the  centre  of  the  bend  part  of  the  H pipe,  shout  six 
or  eight  inches  more,  making  altogether  about  two  feet  mid  a 
half ; consequently,  before  the  pressure  in  the  lime  vessel  can 
be  of  sufficient  power  to  force  back  the  gas  from  the  hydraulic 
main  through  the  conducting  pipes  to  the  retorts  undergoing 
the  operation  of  drawing,  it  would  require  to  be  three  limes 
greater  than  what  the  vessel  is  usually  worked  at. 

The  main,  of  which  we  speak,  with  the  dip-pipes,  form  a 
series  of  hydraulic  joints,  than  which,  in  the  manufacture  of  so 
elastic  a fluid  as  coal-gas,  nothing  could  be  so  well  adapted, — 
nothing  could  be  so  safe. 

Accidents  have  been  heard  of,  occasioned  by  the  gas  in  the 
hydtaulic  main  exploding,  and  forcing  the  glans  from  the  lop 
of  the  pipes  perpendicular  thereto,  (usually  called  the  II  pipe, 
from  its  similarity  to  that  Roman  letter,)  hut  such  accidents 
must  have  arisen  from  great  carelessness  on  the  part  of  the 
operator,  or  from  the  clogging  up  of  the  purifying  vessel. 

'The  condensing  Main,  and  various  Mel  hods  of  Condensation. — 
The  gas,  when  evolved,  being  mixed  with  tar  and  ammonia  cal 
fluid,  in  a state  of  vapour,  w hich  pass  over  with  it  from  the 
retort  to  the  hydraulic  main,  it  becomes  necessary,  that,  as  much 
as  possible,  these  two  products  should  be  condensed  mid  lodged 
in  the  proper  receptacle  before  the  gas  reaches  the  purifying 
vessel.  In  order  that  this  condensation  may  be  properly 
effected,  the  products  generated  should  bo  exposed  to  a large 
surface  of  some  cold  body  on  their  passage  to  the  purifler  ; by 
this  means  the  tar  and  ammoniacal  liquor  are  separated  in  a 
great  measure  from  the  gas,  and.  being  of  so  much  greater 
density,  fall  to  the  bottom  of  the  pipes,  and  drain  from  thence  ( 
to  the  vessels  appropriated  for  their  reception.  The  gas  is  also 
cooled,  and  made  much  more  lit  for  the  lime  to  act  upon  than  if 
it  were  brought  directly  from  the  hydraulic  main  to  the  lime 
vessel  in  a hot  state  ; for,  whenever  it  is  so,  it  is  impregnated 
with  the  tar  and  oIcBginons  particles,  which  very  soon  render 
the  purifying  mixture  useless.  The  consequence  following  is, 
that  a much  greater  portion  of  lime  will  lie  required  fur  the 
purifying  process,  or  otherwise  that  the  gas  will  pass  through 
the  lime  vessel  into  the  gas-holder,  without  being  acted  upon. 
The  use  of  impure  gas  ought,  on  all  occasions,  to  be  avoided, 
for  whenever  it  is  used,  it  is  almost  impossible  to  obtain  a 
good  light;  when  it  is  submitted  to  combustion  it  is  smoky, 
and  emits  a disagreeable  odour;  the  plugs  of  the  stop-cocks 
on  the  fittings  in  houses  become  choked  up  with  far,  which, 
however  surprising  the  case  may  be,  has  been  found  in  situa- 
tions at  a mile  and  a half  distant  from  the  manufactory,  after 
having  passed  through  various  pipes  of  different  sizes  and  at 
different  levels. 

Experience  having  tanght  the  manufacturer  the  necessity  of 
attending  to  the  subject  of  condensation,  he,  of  course,  adopted 
such  means  as  he  considered  most  advisable  for  accomplishing 
it.  In  some  manufactories  it  was  thought  that  the  gas  would  he 
sufficiently  condensed,  from  its  being  conveyed  from  the  hydrau- 
lic main  by  a pipe  laid  in  a direct  line  from  the  retort-house  to 
the  purifier — in  others,  the  gas  was  conveyed  to  the  lime-vessel 
through  a worm-pipe  placed  in  the  tank  of  the  gas-holder — and 
again,  in  others,  by  n range  of  pipes  laid  parallel  to  each  other 
at  a considerable  depth,  and  with  a certain  declivity  from  one 
end  of  the  works  to  the  other; — whilst  some,  in  addition  to 
these  contrivances,  proposed  a tank,  into  which  the  range  of 
pipes,  as  last  specified,  should  convey  the  gas  at  the  bottom, 
and  by  means  of  a contrivance  something  similar  to  the  shower- 
bath,  have  it  washed  there  before  it  could  make  its  exit  towards 
the  purifier.  Most,  if  not  all,  of  these  modes,  have  been  tried 
by  different  operators,  and  have  been  found  more  or  less 
effective. 

Malam's  condenser  is  also  a square  cast-iron  vessel,  about 
nine  feet  long,  five  wide,  and  four  deep.  Into  this  vessel 
are  introduced  plates  at  the  distance  of  from  six  to  eight  inches 
from  each  other,  with  raised  edges  of  about  three  inches  in 
height ; these  are  bolted  to  the  sides  of  the  vessel,  and  arc  per- 
fectly parallel  to  each  other;  they  are  in  length  about  eight 
feet  six  inches,  so  that  being  secured  to  the  sides  of  the  vessel 
and  one  end  of  it.  the  other  end  will  be  at  the  distance  of  about 
six  inches  from  that  end  of  the  vessel  to  which  it  is  contiguous. 
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The  lowermost  of  these  plates  being  connected  to  one  end  of  the 
vessel,  the  next  plate  ubove  it  will  be  connected  at  tbe  end 
opposite  thereto— the  third  plate  the  same  as  the  first — the 
fourth  as  the  second,  and  soon  alternately  till  all  the  plates  are 
fixed.  This  being  done  preparatory  to  bringing  the  condensing 
vessel  into  action,  water  is  intioduccd  at  the  top,  which  filling 
the  uppermost  shelf  to  the  height  which  the  projecting  part  of 
it  allows,  it  runs  over  and  fills  the  second,  from  thence  the 
third  is  filled,  and  so  on  till  the  whole  range  is  so.  From  con- 
sidering this  matter,  it  is  evident,  that  if  the  entrance  pipe  he  at 
the  bultoin  of  the  vessel  to  the  right,  should  gas  be  introduced 
there  by  means  of  it,  it  w ill  pass  over  a sheet  of  water  equal  to 
the  area  of  the  lower  shelf,  and  as  the  next  shelf  above  ap- 
proaches no  nearer  than  six  indies  to  the  end  towards  the  left, 
it  will  by  that  opening  rise  above  it  and  pass  towards  the  tight, 
where  it  will  find  an  opening  from  the  third  shelf,  and  so  it  will 
pass  alternately  to  right  and  left  till  it  reaches  the  exit-pipe 
placed  at  the  top  of  the  vessel.  The  condensible  products  arc 
carried  from  the  respective  shelves  by  means  of  small  bends 
projecting  from  one  end  of  ibis  vessel;  hut  as  1 am  of  opiuion 
it  will  be  likely  to  answer  the  purpose  of  the  manufacturer  both 
as  relates  to  its  first  cost,  durability,  and  action,  1 shall 
' describe  a condensing  vessel  uf  this  kind,  capable  of  performing 
wlmt  is  required,  whereabout  l(KMKM)  cubic  feel  of  gas  are  gene- 
rated daily. 

The  condenser  we  bare  just  described,  has  undergone  several 
alteration* ; we  therefore  shall  proceed  to  describe  Malam’s  im- 
i proved  condensing  vessel,  as  exhibited  in  the  Plate.  A B C D, 
fig.  I,  is  a longitudinal  section  of  this  condenser.  Tbe  vessel  is 
a parailelopipedon  made  of  cast-iron  plates,  supported  upon  a 
( bed  of  brickwork.  At  about  one  foot  from  tlic  bottom  is  a 
range  of  plates,  aa  a a.  together  of  the  same  dimensions  there- 
with, which  are  jointed  to  tbe  side  of  the  vessel.  Upon  these 
stand  a row  of  plHtes  of  the  same  material,  one  of  which  is 
shewn,  as  at  E.  Their  bases  occupy  such  situation  as  is  ex- 
pressed in  the  plan  ABCD,  fig.  2,  of  the  hydraulic  main.  In 
that  plan,  the  pipe  which  conveys  the  gas  into  the  condenser  is 
shewn  at  K;  having  there  entered,  it  passes  between  the  up- 
right plates  iu  the  direction  of  the  arrows  till  it  reaches  the 
exit-pipe  F,  and  that  pipe  leads  to  the  purifying  apparatus. 
It  is  to  l>e  noticed,  that  these  upright  plates  do  not  rise  to  the 
top  of  (he  condenser— -there  is  a space  of  about  six  inches  left 
between  it  and  the  plate  which  fits  over  them.  The  entrance 
and  exit-pipes  E and  F are  placed  about  a foot  from  the  top  of 
the  vessel,  as  shewn  in  the  trunsversc  section,  fig. 3.  The  range 
of  cast-iron  plates,  anna,  in  the  hydraulic  main  mentioned 
above,  do  not  lie  perfectly  horizontal,  but  with  a small 
declivity  to  the  right,  by  which  arrangement  the  condensible 
matter  drains  towards  the  openings  <iir,  fig.  2,  and  thcncc  by 
the  pipe  a,  shewn  in  the  figure  of  Mr.  Malam’s  condenser,  and 
a be,  fig.  3,  is  discharged  into  the  receptacle  E.  which  runs 
across  the  vessel,  and  is  filled  with  water  for  the  pipes  to  dip 
iu,  and  form  an  hydraulic  joint.  It  follows,  therefore,  that  as 
the  condensible  products  accumulate,  they  overflow  the  parti- 
tion which  forms  the  part  K,  and  run  into  the  chamber  G,  from 
whence,  when  it  is  necessary,  they  are  drawn  oil  by  the  cock  H, 
in  the  two  figures  of  the  hydraulic  main,  and  the  condenser. 

ABCD,  fig.  2,  is  a plan  of  this  condenser,  the  arrangement 
of  which  is  already  described  ; and  fig.  3 is  a transverse  section 
of  the  same  vessel.  The  following  are  diil'crcnt  sections  of  lh» 
condenser,  for  which  Mr.  Perks  obtained  a patent: — The  first 
figure  is  a plan  of  the  (op,  shewing  the  situation  of  the  bend- 
pipes,  Sic.  Fig.  2,  is  a plan  of  the  underside  of  the  plate,  on 
which  the  upright  pipes  are  supported,  shewing  the  openings 
into  the  lower  chambers,  and  the  position  of  the  upright 
partitions. 

Fig.  I,  in  the  next  page,  is  a side  view  (in  elevation)  or  the 
vessel,  the  side  plates  being  supposed  to  be  removed.  The  pipe 
and  bend  beneath  are  for  carry  ing  off  the  condensations.  The 
dotted  line  shews  the  height  at  which  the  fluid  will  bo  con- 
stantly kept  in  the  vessel.  An  opening  is  made,  or  left  at  the 
bottom  of  each  partition,  which  allows  the  condensed  matter  to 
flow  from  one  to  another,  and  to  be  carried  off  by  Ibo  pipe. 
Fig.  2,  is  an  end  view  of  the  vessel,  (iu  elevation)  the  plate 
being  supposed  to  be  removed. 

In  considering  the  merits  of  cither  of  these  vessels,  the  most 
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striking  arc  the  facility  with  which  any  obstruction  to  their 
operation  may  be  removed,  and  the  very  efficient  means 
they  afford  for  answering  (he  purpose  of  the  manufacturer,  as 
far  a.**  relates  to  the  gas  generated,  being  well  condensed  before 
it  is  brought  to  the  purifying  apparatus.  We  have  already 
stated  the  distance  which  the  gas  would  have  to  travel  in 
passing  through  a condenser  constructed  on  Perks's  prin- 
ciple ; and,  when  we  consider  that  the  pipes  therein  arc 
always  surrounded  by  cold  water,  we  can  hardly  doubt  of  its 
Fig.  I . Fig.  2. 


effect.  In  bis  vessel  the  bends  at  the  top  arc  easily  removed 
in  the  event  of  any  obstruction  presenting  itself,  and  by  forcing 
down  each  of  the  pipes  a rod  for  the  purpose,  the  passage  is 
cleared.  As  there  is  a sufficient  opening  left  at  the  bottom  of 
each  of  the  partitions  in  the  lower  vessel,  the  obstructing  matter 
can  he  withdrawn  from  thence.  In  Mnlam's  condenser  the  top 
ran  be  removed,  and  after  it  is  so.  the  cast-iron  plate  which 
rests  upon  the  upright  ones  can  he  withdrawn  also : so  that  the 
operator  has  it  in  his  power,  by  drawing  an  instrument  made 
for  the  purpose  between  the  plates,  (for  the  passage  of  the  gas) 
to  clear  them  out, and  to  open  the  holes  through  which  the  con- 
densations descend  into  the  lower  chamber.  It  would  appear 
that  Malam.  in  the  construction  of  his  latter  vessel,  ns  well  as  the 
former,  had  considered,  when  gas  passes  through  circular  pipes, 
that  which  is  near  the  centre  would  he  little,  if  at  all.  acted 
upon  by  the  cold  medium  surrounding  them ; and  he  has 
therefore  compensated  for  that  defect  by  causing  the  gas  to 
present  itself  in  such  thin  sheets  as  cannot  fail  to  he  affected 
by  the  coldness  of  the  adjoining  surfaces  ; thus  giving  a greater 
probability  to  the  condensation  being  well  performed.  The 
present  form  of  the  hydraulic,  in  its  most  improved  state,  is 
that  of  a semicircular  pipe,  having  covers  nr  doors  that  can  be 
removed  at  pleasure,  ami  to  which  the  pipes  from  the  retorts 
are  connected.  This  main  contains  a quantity  of  tar,  into 
which  the  pipes  from  thcrcturts  immerse  n few  inrhes.  The 
tar  thereby  nets  ns  a valve  to  prevent  the  return  of  gas  into  the 
retorts  while  in  the  act  of  charging.  Formerly,  the  main  con- 
sisted of  a square  chest  for  each  retort,  placed  below,  which 
received  the  dip-pipes  in  the  same  manner  ns  the  others,  with 
pipes  communicating  between  each  chest ; hut  from  its  near 
situation  to  the  retort,  the  tar  being  continually  impregnated 
with  hot  gas,  hardened  into  pitch,  and  choked  up  the  passage. 
From  the  difficulty  of  removing  these  obstructions,  and  the  dan- 
ger nttending  them,  this  sort  of  hydraulic  main  has  been  given 
up,  and  the  form  referred  to  substituted  in  its  stend. 


From  these  difficulties,  and  other  considerations  of  conveni- 
ence, the  hydraulic  main  in  the  several  works  in  England,  ns 
well  as  in  the  works  here,  is  now  elevated  a few  fert  above  the 
range  of  the  retorts,  so  that  the  gas,  instead  of  a downward 
direction  which  it  formerly  took,  ascends  into  this  as  a 
reservoir,  by  means  of  which  the  tar,  in  a state  of  vnpour.  is 
longer  detained  in  the  retort : and,  in  a considerable  degree, 
(compared  to  what  took  place  formerly ,)  is  decomposed  into 
gas.  In  the  alteration  of  the  construction  of  the  works  here  of 
late,  as  well  as  in  those  lately  titled  up  by  me  at  Kilmnrnock. 
we  have  not  only  taken  advantage  of  this  vertical  elevation  of 
ihe  hydraulic,  hut  have  also,  hy  the  peculiar  construction  of 
the  roof,  set  off  the  hydraulic  at  eight  or  ten  feet  distance  from 
tlir  retort,  in  a horizontal  direction,  by  means  of  which  its  con- 
nexion with  the  retort  is  at  a distance  of  about  sixteen  feet; 
the  union  pipes  forming  in  one  line  a vertical  direction,  and 
in  the  other  a line  inclining  upwards  to  the  hydraulic,  into  which 
they  dip.  By  this  lengthened  elevated  line,  the  tar  in  a consi- 
derable degree  deposits  itself,  and  returns  to  the  retort  to  be 
decomposed  anew.  This  mode  of  arrangement  in  the  fitting  up 
of  the  hydraulic  has  also  the  advantage  of  a free  circulation  of 
Ihe  surrounding  air,  hy  w hich  means  it  forms  in  some  degree  a 
refrigeratory  for  cooling  the  gas,  and  thereby  depositing  several 
heterogeneous  particles  of  tar  and  ammonia  that  were  still  held 
in  a slate  of  vapour.  It  has  also  the  convenience  of  being 
easily  got  at  to  remove  any  obstruction  that  may  generate  in 
this  part  of  the  apparatus. 

A/waratu t far  sharing  ihe  erarl  Quantity  af  Tar  and  Ammo - 
uiacal  Liquor  produced  (ram  a gitren  Quantity  of  Coal. — To  obtain 
a correct  account  of  these  products,  Pcckslnn  constructed  a 
table  for  shewing  the  exact  number  of  ale  gallons  contained  in 
the  tai-cislern  at  every  inch  dip  ; the  application  of  which 
shall  he  shewn  after  describing  the  apparatus  attached  to  the 
cistern.  Considering  that  the  spec! lie  gravities  of  tar  and 
Jiminoniacal  liquor  were  different,  and  that  a body  which  would 
sink  in  the  latter  wonld  swim  upon  the  surface  of  the  former, 
he  proposed  that  two  Hoats  should  he  made,  and  attached  to 
rods  for  shewing  the  respective  heights  to  which  each  product 
rose  in  the  cistern.  In  the  annexed  figure,  ABCI>,  is  a sec- 
tion of  the  tar-cistcrn.  ab , surface  of  the  tar.  erf,  surface  of 
E,  a float  of  sound  dry  oak,  twelve 
a small  rod  of  round 


the  ainmoniaeal  liquor, 
inches  square,  and 

thrre  inches  thick, 
(the  specific  gravity 
ol  w hu  h being  greater 
thin  that  of  ntmuo- 
nincnl  liquor,  will  dis- 
place its  hulk  of  that 
liquor  and  rest  upon 
the  surface  of  the  tar.) 
to  which  is  fixed  (G) 


iron  with  a light  index 
at  the  top  for  pointing 
out  thu  height  of  the 
tar  in  the  cistern 
against  the  graduated 
rod  I.  F,  a float  of 
cork  swimming  on  the 
surface  of  the  ammo, 
niacal  liquor,  fitted 


" — - 


r i I i i it 

/ Vi-  V 


with  a rod  H,  and  an  index  for  shewing  on  the  graduated  rod 
K the  number  of  feel  and  inches  the  surface  of  that  fluid  is  dis- 
tant from  the  bottom  of  the  cistern.  The  difference  between 
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the  heights,  as  pointed  oat  by  the  indexes  on  the  graduated 
rods  I and  K,  is  the  feet  and  inches  of  ammoniacal  liquor  in 
the  vessel,  r anil  f are  two  raised  openings  on  the  upper  plate 
of  the  vessel,  of  about  five  or  six  inches  in  height,  through 
which  the  rods  G and  H slide  up  and  down.  By  this  con- 
trivance they  arc  steadied  and  always  kept  in  a vertical  posi- 
tion. This  description  of  apparatus  will  answer  for  any  tar- 
cistern  ; but  ns  that  vessel  may  he  of  different  dimensions  in 
different  establishments,  the  table  for  uso  must  be  calculated 
accordingly. 

Application  of  the  Tahir. — Example.  The  index  of  the  rod  G 
pointing  to  two  feel  six  todies  on  the  graduated  rod  I j required 
the  number  of  gallons  of  tar  answering  thereto  f Look  lor  two 
feet  in  the  side  column,  and  run  your  oyc  along  the  line  till 
you  come  under  six  inches  in  the  top  one;  you  will  there  fmd 
3, OHO  the  uuinber  of  gallons  sought. 

To  find  the  Gallant  of  /tutm/wiffral  Liquor.—  Subtract  the 
height  pointed  out  by  the  rod  G from  that  shewn  by  the  rod  H, 
and  with  the  remainder  enter  the  table  as  above  directed  ; and 
you  will  find  what  number  of  gallons  of  ammoniacal  liquor  are 
in  the  cistern. 

Example.  The  rod  G stands  at  two  feet  six  inches,  the  rod 
H at  four  feet;  what  number  of  gallons  of  ammoniacal  liquor 

n.  In.  n.  la.  »*i.  lu. 

are  there  in  the  cistern  * 4 : 0—4  : 6 “ 1 : 0,  opposite  to 

which,  in  the  tabic,  find  I.B1K,  and  such  is  the  number  of  gal- 
lons of  ammoniacal  liquor  in  the  cistern. 

Purifying  Yetteh,  and  the  Lett  Mode  of  Purifying  Coal-Gas.  - 
During  the  process  of  decomposing  coals  in  dose  vessels,  it  is 
found,  that,  on  their  being  heated  to  a certain  degree,  a part  of 
the  carbon  of  which  they  are  formed  unites  with  part  of  the 
oxygen,  and  produces  carbonic  acid ; this,  by  means  of  caloric, 
is  formed  into  carbonic  arid  gas.  Whilst  this  process  is  going 
on,  a pait  of  the  hydrogen  of  the  coal  is  combined  with  another 
portion  of  carbon  and  caloric,  w hich  forms  carburetted  hydrogen 
gas.  Olefiant  gas,  carbonic  oxide,  hydrogen  and  sulphuretted 
hydrogen,  are  also  produced.  According  as  the  component  \ 
parts  of  the  coal  submitted  to  distillation  varies,  so  will  the  ■ 
quantities  of  these  products  vary  also. 

When  the  gas  produced  from  coal  is  burnt  without  being 
purified,  (that  is,  deprived  of  the  sulphuretted  hydrogen  and 
caihonic  acid  gas  which  it  contains.)  or  if  it  be  not  properly 
purified,  it  throws  out  sparks  and  produces  a sulphureous 
acid,  owing  to  the  oxygen  of  the  air  uniting  with  the  sulphur 
burnt  with  the  gas.  Such  gas  sends  forth  a suffocating  odour, 
that  is  not  only  highly  offensive,  but  injurious  to  health.  Its 
levity  carries  it  to  the  uppcimost  i>art  of  the  roam  where  it  is 
burnt,  and  there  it  is  easily  perceived.  It  tarnishes  all  metallic 
substances,  and  discolours  paintings  wherever  metallic  oxides 
ruav  have  been  used  in  their  execution. 

The  general  way  of  freeing  it  from  sulphuretted  hydrogrn 
and  carbonic  acid,  and  rendering  it  fit  for  use,  hitherto  adopted, 
has  been  by  passing  it  through  a solution  of  lime  and  water  of 
the  consistence  of  creaiu.  It  may  also  be  purified  by  passing 
it  through  very  dilute  solutions  of  subacctale  of  lead,  green  j 
sulphate  of  iron,  or  hyperoxy muriate  of  lime.  For  the  purifi- 
cation of  coal-gas,  when  it  is  manufactured  in  the  laige  way. 
various  methods  have  been  adopted.  The  following  are  those  , 
most  noticed : — 1st,  By  passing  it  thiough  limr  in  solution;  ; 
2d,  By  allowing  it  to  be  acted  upon  by  lime  in  a semi-fluid 
state ; 3d.  By  passing  it  through  dry  lime ; and.  4th.  By  pass- 
ing it  through  red-hot  lubes  into  which  are  introduced  clip- 
pinzs  of  iron. 

The  best  arrangement  for  these  vessels  which  lias  fallen 
under  my  notice,  as  well  as  the  construction  of  the  purifier 
itself,  was  effected  by  Mr.  Malam,  of  the  Westminster  gas 
works.  A BC  I>.  fig.  1.  (sec  the  Plate,)  is  a vertical  section 
of  the  treble  purifier,  placed  upon  a foundation  of  brick-work  ; 
nnil  fig.  2 of  the  same  Plale,  is  a plan  thereof.  E E,  F F,  G G, 
tig.  1,  are  sections  of  the  three  interior  chambers,  bolted  to  the 
tops  of  their  respective  vessels  by  the  flnnchcs  expressed  in  j 
the  Plate.  It  will  be  observed,  that  the  bottoms  of  these  ves-  1 
sets  branch  out  with  a kind  of  tlnnch,  by  w hich  means  the  gas 
is  acted  upon  by  n greater  proportion  of  the  purifying  mixture 
than  if  the  vertical  sides  of  it  fell  in  a perpendicular  line.  II  II 
is  the  nx'»  on  which  the  agitator  1 1 is  Gxccl.  KkK  arc  three 


cylindrical  vessels  for  the  purpose  of  charging  the  respective 
vessels  into  which  the  purifying  mixture  is  introduced  by  the 
bends  LLL  M M M are  the  pipes  which  convey  the  gas  into 
the  interior  chamber.  N is  the  pipe  which  conveys  the  purl 
fir'd  gas  to  the  reservoir  aftrr  it  has  passed  through  the  series 
of  vessels.  O — the  feed-pipe  for  bringing  the  purifying  mix* 
ture  from  the  vessel  where  it  is  prepared  into  the  purifying 
apparatus.  P P P exhibit  the  openings  near  the  bottoms  of 
the  cylindrical  vessels  KKK,  for  rinptying  the  respective  ves- 
sels, which  is  effected  by  the  slide-cocks  QQQ.  In  the  figure, 
the  height  to  which  the  purifying  mixture  rises,  is  shewn  in  the 
two  lower  vessels;  but  the  upper  one  is  not  charged.  Tho 
agitators  arc  drawn  by  hand  in  the  same  way  as  has  beeu 
already  described  when  speaking  of  the  single  purifiers.  When 
this  purifier  is  first  brought  into  action,  the  purifying  mixturu 
is  turned  into  the  uppermost  vessel  K,  from  whence  it  enters 
into  the  uppermost  purifier  by  the  hctul  L.  till  it  rises  to  the 
height  of  the  uppermost  edge  of  the  vessel  K.  When  such  is 
the  case,  by  opening  the  uppermost  of  the  slidc-coeks  Q,  that 
charge  is  emptied  from  the  first  into  the  second  vessel,  which 
being  done,  the  uppermost  purifier  is  again  charged.  The 
middle  cock  Q is  then  opened,  which  allows  the  charge  in  the 
second  purifier  to  enter  into  the  lowermost  one,  and  whilst  this 
is  performing,  that  in  tho  uppermost  one  is  emptied  into  thu 
second.  The  mixture-  is  at  the  same  time  entering  into  the 
uppermost  one,  which  is  known  to  he  propci ly  charged,  when 
the  mixture  rises  to  the  top  of  its  supplying  vessel  K.  This 
being  performed,  the  gas  in  its  crude  Mate  is  allowed  to  enter 
into  the  interior  chamber  of  the  lowermost  purify  ing  vessel  by 
tho  pipe  M,  which  being  filled,  it  blows  underlie  alb  the  llancli 
part  of  it  into  the  outer  part  of  that  vessel  w inch  is  unoccupied 
by  the  purifying  mixture:  from  thence,  by  the  next  pipe  M,  it 
is  conveyed  into  the  interior  chamber  of  the  middle  purifier, 
where  the  action  is  the  same  as  in  tho  lower  one  ; and  tlieuoc, 
by  the  uppermost  pipe  M,  it  is  convey  ed  into  the  highest  ves- 
sel, when*  having  again  undergone  the  purifying  process,  it  is 
allowed  to  cuter  the  gas-holder  by  the  pipe  N. 

On  examining  the  Plate,  it  must  appear  obvious  that  tho 
gas  enters  into  the  lowermost  purifier  in  its  most  crude  state; 
where,  having  been  acted  upon,  it  rises  into  tbe  second  in  a 
purer  state,  and  from  thence  into  the  top  one.  Under  such 
circumstances,  it  follows,  that  the  charge  in  the  lowermost 
vessel  is  rendered  useless  first:  on  its  being  so,  it  is  turned  r.lf 
by  opening  the  bottom  cork  Q ; whilst  this  is  performing,  thu 
gas  generated  has  to  pass  thiough  two  vessels  before  it  can 
enter  into  the  gas-holder:  hut.  in  the  single  purifier  during  tho 
time  of  charging,  the  gas  passes  into  the  gas-holder  in  an  im- 
pure state,  thus,  by  mixture  with  the  pure  gas,  deteriorating 
its  quality.  The  bottom  purifier  being  emptied,  the  mixture  in 
the  second  is  turned  into  it,  and  that  of  the  top  into  the  second, 
when  the  top  one  is  recharged.  The  lowermost  vessel  then 
always  contains  the  mixture  which  has  been  most  acted  upon 
by  the  gas.  By  the  vessels  being  placed  in  this  way,  a con- 
siderable saving  in  the  expense  of  erecting  them  is  effected : 
for,  tbe  top  of  the  lowermost  vessel  answers  as  a bottom  to  the 
second,  w hilst  the  top  of  the  middle  vessel  is  the  bottom  of  the 
upper  one.  The  saving  is  not  theie  alone;  for,  if  the  vessels 
were  placed  separately,  they  would  require  to  be  fitted  with  a 
number  of  valves  and  connexions,  under  this  arrangement 
altogether  unnecessary. 

Where  the  manufacturer  lias  plenty  of  room  on  his  premises 
for  erecting  a series  of  single  purifying  vessels,  the  extra 
expenses  arising  from  the  adoption  of  such  plan  not  only  con- 
sists in  the  first  cost,  hut  afterwards  also,  by  requiring  a man 
to  work  the  agitators  of  each  vessel ; consequently,  when  three 
vessels  were  used,  three  men  would  be  required  for  the  pur- 
pose, whilst  in  Mnlam's  purifier  one  man  with  ease  works  the 
three  sets  of  agitators.  His  arrangement  possesses  another 
capital  advantage,  for  in  most  large  towns  where  coal  gns 
manufactories  are  established,  it  is  of  considerable  iinporfuucc 
to  save  room,  and  nothing  can  be  better  adapted  for  doing  so 
than  his  triple  purifier. 

A mode  of  purification,  differing  in  principle  and  practice 
from  that  we  nave  mentioned,  is  by  causing  the  crude  gas  to 
pass  through  retorts  of  a particular  description,  worked  at  a 
red  heat  just  visible  by  day  .light.  Mr.  G.  H.  Fainter  obtained 
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a patent  for  this  invention.  Fig.  3,  in  the  Plate,  represents  a 
longitudinal  section  of  Palmer's  purifier,  and  fig.  4.  a front 
view  of  the  same.  with  the  mouths  of  the  upper  purifier  closed, 
and  the  lower  one  open.  This  purifier  is  constructed  of  cast- 
iron.  and  it  is  set  in  brick-work  under  such  an  arrangement  as 
admits  of  its  being  heated  to  the  temperature  required.  In  the 
Plate  just  referred  to  there  are  two  purifiers  heated  by  one  fire. 
In  no  establishment  can  the  process  be  carried  on  with  a less 
number;  in  large  works  it  would  not  only  require  the  magni- 
tude of  the  purifier  to  be  increased,  but  it  would  also  be  requi- 
site to  employ  a greater  number  of  purifiers  also.  The  purifiers 
are  of  an  elliptical  shape,  and  each  one  is  divided  into  two 
equal  parts  by  a vertical  partition,  which  runs  along  its  centre 
from  the  mouth-piccc  to  within  a few  inches  of  its  end.  The 
mouth  piece  is  double,  that  is,  it  admits  of  two  lids  being 
applied  to  it,  one  of  which  is  to  the  right  of  the  partition  wc 
hare  just  spoken  of.  and  the  other  to  the  left.  The  lids  of 
these  mouth-pieces  are  secured  in  the  ordinary  way  by  means 
of  luting  and  cross-pieces.  As  it  is  intruded  that  hut  one  of 
these  purifiers  should  he  brought  into  action  at  one  time,  the 
apparatus  is  provided  with  the  double  mercurial  valve  A,  fig. 
6.  the  rod  of  which  bciug  attached  to  ono  end  of  a chain,  (run- 
ning over  a pulley,)  at  the  other  end  sustaining  a counter- 
balance weight,  the  gas  is  allowed  to  enter  into  the  upper  or 
lower  purifier  as  occasion  may  require;  the  valve  being  so 
contrived,  that  when  the  crude  gas  is  admitted  through  it  into 
one  purifier,  it  is  effectually  excluded  from  the  other.  It  is  of 
considerable  importance  to  the  purification  of  gas  by  this  mode, 
as  well  as  every  other,  that  it  should  have  effectually  under- 
gone the  process  of  condensation,  and  as  the  admission  of  any 
ot  the  condcusibte  products  into  the  purifier  will  materially 
lend  to  clog  it  up  and  to  prevent  the  play  of  affinities  required 
in  this  mode  of  purification,  the  patentee  advises  that  the  pipes 
conducting  the  gas  from  the  condenser  should  rise  towards  the 
purifying  apparatus.  In  fig.  6,  the  entrance  and  exit  pipes  are 
exhibited:  the  latter  dip  into  a square  box  Containing  water, 
into  which  they  are  immersed  so  ns  to  form  an  hydraulic  joint 
between  the  purifying  apparatus  and  the  gas-holder.  This  Ih*x 
is  furnished  with  a pipe  for  conveying  off  ant  products  which 
may  bo  condensed  after  the  gas  has  passed  the  purifier,  and  it 
will  of  course  require  another  vessel  for  receiving  them,  which 
must  be  constructed  on  a plan  somewhat  similar  to  the  tar- 
cistern.  but  on  a smaller  scale. 

When  this  purifying  apparatus  is  to  be  brought  into  action, 
it  is  to  be  at  such  a temperature  as  we  have  already  stated, 
not  that  it  is  essential  towards  effecting  the  purification  of  the 
gas,  but  tending  to  the  preservation  of  the  vessel.  This  being 
effected,  each  compartment  thereof  is  to  be  half  or  three- 
fonrths  filled  with  fragments  or  refuse  clippings  of  sheet-iron, 
with  tinned  iron  plates,  argillaceous  iron  ore,  iron-stone,  Ac.&c. 
It  is  to  be  noted,  that  whatever  material  may  be  used  in  this 
purifying  vessel,  such  must  be  arranged  in  it  so  as  to  lie  loosely 
together,  in  order  that  the  gas  may  act  upon  as  much  of  its 
area  as  possible,  and  that  the  sulphuretted  hydrogen  and  car- 
bonic acid  gAS  may  be  thereby  arrested.  Should  the  black 
oxide  of  iron  be  used  in  tbe  purifier,  which  appears  to  be  pre- 
ferred by  Mr.  Palmer,  the  operator  should  be  careful  as  to  the 
manner  in  which  he  disposes  of  it : always  recollecting  that  a 
sufficient  space  should  he  left  at  the  end  of  the  purifier  to  allow 
the  gas  to  pass  round  the  divisional  partition. 

The  purifier  being  charged  with  any  of  the  materials  ns 
above  specified,  the  lids  arc  to  be  secured  and  the  valve 
opened  towards  the  one  so  charged  by  raising  or  lowering  tbe 
counter-balance  weight  of  the  valve,  according  as  the  upper  or 
lower  purifier  may  be  brought  into  action.  The  gas  then 
enters  into  that  compartment  of  it  which  is  to  the  left,  and 
passing  over  the  iron,  or  whatever  else  may  be  introduced 
round  the  divisional  plate,  is  allowed  to  pass  from  the  purifier 
by  means  of  the  pipe  which  is  connected  to  the  mouth-piece, 
which  is  to  the  right,  into  the  hydraulic  box,  and  thence  by  the 
pipe  U to  the  gas-holder,  to  be  stored  up  for  use  as  occasion 
may  require. 

It  is  requisite  that  tests  should  occasionally  be  taken,  in 
order  that  it  may  be  known  when  the  fragments  of  iron.  &c. 
become  inadequate  for  the  purpose  of  purification.  When 
they  arc  so,  the  other  purifier  is  to  be  charged  in  a similar 


way.  the  mouth  piece  secured,  and  the  valve  opened  into  it' 
which,  as  wc  have  before  observed,  will  shut  off  the  communi- 
cation to  that  u hich  had  been  in  notion.  When  this  is  done, 
let  the  lids  of  the  purifier  which  is  out  of  lie  be  removed,  so 
as  to  admit  the  atmospheric  air  into  it,  the  action  of  which  will, 
prior  to  the  purifier  m action  being  rendered  inadequate  to 
perform  ils  office,  so  fur  restore  the  materials  to  their  proper 
tone,  by  reducing  the  sulphuret  of  iron  again  to  a metallic 
stale,  as  to  allow  the  change  of  purifier  to  be  aguiu  effected, 
and  the  process  to  be  carried  on  to  advantage. 

Tbe  operator  is  invariably  to  fallow  the  mode  pointed  out, 
by  using  his  purifiers  alternately,  till  it  is  ascertained  that  the 
iron,  or  whatever  substance  may  have  been  introduced,  will 
no  longer  retain  the  sulphuretted  hydrogen.  fee.  When  such 
is  the  case,  the  contents  of  the  purifier  must  be  removed,  and 
replaced  by  fresh  material,  and  tbe  process  proceeded  upon 
again,  in  the  manner  we  have  already  described. 

When  lime  in  solution  is  used  for  the  purification  of  gas 
obtained  from  most  of  the  species  of  Wallsend  coals,  a bushel 
and  a half  ( Winchester  measure}  or  3226, G3  cubic  inches  of  un- 
s lacked  lime  is  found  sufficient  for  purifying  10,000  rubic  feet ; 
its  value,  at  fourteen  shillings  the  hundred,  being  about  eight- 
pence.  In  tbe  same  proportion  must  the  purifier  be  charged 
for  cither  greater  or  lesser  quantities  of  gas  generated.  How- 
ever. as  the  qualities  of  coals  vary  considerably,  perhaps  no 
specific,  quantity  can  be  put  down  ns  a general  rule.  The 
operator  will  very  soon  ascertain  the  fact,  for  his  tests  will 
prove  whether  the  gas  be  pure,  and  he  will  charge  Ills  vessel 
accordingly. 

Taule,  shewing  the  Comparison  betvrrn  the  Lime  Hundred  and 
Winchester  Bu<ful,  Ve* 


A hundred  J 
of  lime  is  > 
equal  l 


to  21.G0G,  or  2U  Winchester  bushels  of  2150,42 
cubic  iuches  each, 
to  27  cubic  fert, 
to  46056  cubic  inches. 


Most  kinds  of  quick  lime  doublo  their  bulk  by  slacking. 


Many  alterations  have,  at  different  times,  been  made  iu  the 
structure  of  lime  vessels  for  purifying  coal  gas  j and,  until 
lately,  it  does  not  appear  that  any  form  was  hit  upon  suffi- 
ciently powerful  to  separate  entirely  the  sulphuretted  hydro- 
gen. This  is  now  effected.  The  gas  at  present  made  in  the 
Glasgow  gas  works  seems  to  be  entirely  free  of  it,  and  will  not 
tinge  cither  silver  or  gilding ; nor  can  the  acetate  of  lead,  a 
delicate  test,  discover  in  it  any  of  this  offensive  mixture. 

Oh  the  O' at- holder  (Gasometer);  its  Construction,  and  Descrip- 
tions of  such  as  would  best  answer  the  Purpose  of  the  Manufac- 
turer.—‘The  gas-holder  (or,  ns  it  is  more  commonly,  though 
improperly,  called  the  gasometer,)  is  that  vcsstl  in  which  the 
purified  gns  is  stored  up  for  use.  It  has  been  nf  various  sizes 
and  shapes:  that  most  generally  adopted  in  large  works  is 
from  15,000  to  20,000  cubic  feet  in  capacity.  It  is  n cylinder; 
the  diameter  being  from  thirty-three  to  forty  feet,  and  the 
height  from  eighteen  to  twenty-three  feet. 

When  speaking  of  the  gas-holder,  wc  arc  to  consider  it  as 
composed  of  two  distinct  parts  ; that  is  to  say,  a capacious 
inner  vessel,  in  large  works  generally  made  of  sheet-iron, 
w hich  is  closed  at  the  top  und  open  at  the  bottom  ; and  n cast- 
iron  tank  or  wooden  vat  of  about  a foot  or  eighteen  inches 
greater  diamctei  for  containing  water,  into  which  the  gas- 
holder sinks  as  it  is  emptied  of  gas,  and  out  of  which  its  lower 
edge,  when  full,  cannot  rise.  By  this  contrivance  the  gas  is 
prevented  from  escaping. 

The  gas-holder  is  suspended  by  a chain  over  two  grooved 
wheels,  fixed  on  a cast-iron  frame  placed  over  it;  one  end  of 
which  chain  is  made  fast  to  an  eye-bolt  at  the  centre  of  the  top 
of  the  gas-holder,  and  to  the  other  is  attnehed  a frame  sup- 
porting weights  nearly  equal  to  the  weight  of  the  gas-holder. 
It  is  to  be  observed,  that  by  putting  more  weights  upon  the 
balance  support,  or  frame,  the  gas-holder  works  at  a Jess 
pressure,  and,  consequently,  docs  not  force  tbe  gas  into  the 
street  mains  with  such  velocity  as  when  the  weight  is  there 
decreased  ; for  if  the  balance-weight,  and  weight  of  the  gas- 
holder, were  very  nearly  equal,  there  would  be  little  or  no 
impetus  for  discharging  the  gas:  it  would,  in  consequence, 
escape  with  such  languor  at  the  orifices  of  the  burners  as  to 
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afford  but  a very  feeble  light.  To  obtain  a good  light,  the 
gas-holder  should  never  bo  worked  at  lew  than  about  two 
inches'  pressure;  or,  in  other  words,  the  surface  of  the  water 
Inside  the  gas-holder  should  be  about  two  inches  below  the 
am  face  of  the  water  containrd  between  the  outside  of  the  gas- 
holder and  the  tank,  or  vat,  in  which  it  is  suspended. 

For  ascertaining  the  pressure  at  which  the  gas-holder  works, 
a small  pressure  gauge  may  ho  attached  to  the  top  of  it,  and 
secured  from  accident  by  a wi  ought-iron  ease.  When,  from 
the  gas  being  turned  into  the  gas-holder,  it  has  risen  but  a few 
feet  out  of  the  water,  the  operator,  by  inspecting  the  graduated 
scale  on  the  pressure-gauge,  can  see  what  pressuro  the  gas- 
holder is  then  working  at;  and.  by  diminishing  or  increasing 
the  counterpoise,  or  balance-weight,  regulate  the  pressure  to 
what  may  be  desired.  One  of  the  uses  of  the  gas-holder  is  to 
re.'.ulatc  the  emission  of  the  gas  towards  the  burners,  which 
could  not  be  effected  without  such  contrivance. 

We  are  now  to  dcscribo  the  cylindrical  gas-bolder.  In  the 
Plate,  fig.  I,  is  a vertical  section  thereof,  and  of  the  tank,  &c. 
A*  tho  construction  has  been  spoken  of,  l have  here  only  to 
notice  the  particular  parts  as  exhibited.  A II  C D is  a section 
of  the  gas-holder,  E F 6 H a section  of  the  tank,  1 1 cast-iron 
Hunch-pipes  jointed  together  in  the  usual  way.  as  columns  for 
supporting  the  frame  K K.  Upon  this  frame  are  placed  car- 
riages for  bearing  the  grooved  wheels  L L,  over  which  runs 
the  chain  suspending  (he  gas-holder  and  balaoceweight  M. 
N is  the  pipe  bringing  the  gas  into  the  gas-holder,  after 
it  passes  from  the  purifying  apparatus.  O,  another  pipe 
similar  to  the  former,  by  which  the  gas  is  discharged  into  the 
mains  when  wanted  for  use.  It  need  hardly  be  remarked,  that 
these  pipes  must  rise  a few  inches  above  the  level  of  the  water 
in  the  tank,  to  prevent  a possibility  of  water  getting  into 
them.  Upon  the  horizontal  parts  of  the  pipes  N and  O arc 
placed  valves  for  shutting  off  the  respective  communications 
when  the  vessel  is  full,  or  when  it  may  be  desired  nut  to  work 
Into  it.  The  figure  represents  the  gas-holder  as  If  it  were  about 
half  filled.  Fig.  2 represents  the  plan  of  the  gas-holder  just 
described.  This  is  tho  most  simple  construction  of  gas-holders 
for  working  on  (he  ordinary  principle  that  has  hitherto  been 
adopted, 

Malam,  to  obviate  the  necessity  of  having  all  this  heavy 
framework,  proposed  to  erect  gas-holders  working  with  the 
specific  gravity  apparatus  without  it;  and  to  shew  the  possi- 
bility of  doing  away  therewith,  in  the  spring  of  1B17  he  con- 
structed a model.  If  we  consider  the  tank  and  gas  holder  to 
be  such  as  have  been  just  described,  the  following  description 
will  explain  his  principle.  In  the  centre  of  the  tank  he  pro- 
posed to  form  a cylinder  of  about  four  or  five  feet  diameter,  of 
cast-iron  ftauch  plates,  with  the  Dauches  inwards,  so  as  tn  pre- 
sent an  even  surface  outside.  This  cylinder  was  to  be  made 
tight  to  somewhat  aim ve  the  height  of  the  tank  : it  was  then  to 
be  carried  by  opon  castings  to  above  the  height  that  the  top  of 
the  gas-holder  might  rise.  The  top  of  it  was  cast  with  a strong 
broad  flaneb,  strengthened  by  vertical  (Undies  underneath  it, — 
thereon  were  bolted  carriages  for  supporting  two  small  wheels 
iu  a right  lino  with  each  other,  and  with  the  centre  of  the 
cylinder.  Over  these  winds  run  two  light  chains,  by  which 
the  gas-holder  and  balance-weights  were  suspended.  It  will 
be  clear,  that  under  surh  arrangement,  as  the  gas-holder  rose 
out  of  the  water,  the  l>:i1;inoe-weight*  would  descend  in  the 
cylinder  1 have  been  describing;  and  as  it  would  he  sufficiently 
capacious  for  them  to  pass  up  aud  down  in,  they  would  be 
quite  out  of  the  wav,  which  in  many  cases  is  a desideratum. 
The  expense  of  the  cylinder  wonld  bo  considerably  less  than 
the  most  common  frame  could  be  put  up  for,  and  it  would 
answer  instead  of  steady  in*  columns,  without  which  gas-holders 
working  vertically  are  very  liable  to  swing  towards  one  side  of 
the  tank,  and  falling  out  of  a vertical  position,  to  bung,  or  to 
work  very  unpleasantly. 

In  a tank  of  thirty-five  feet  diameter  and  eighteen  feet  deep, 
the  gas-holder  will  hold  about  16,400  cubic  feet  of  gas,  when 
constructed  with  the  framework,  &c.  in  the  usual  way.  By 
Mr.  Miilam’s  arrangement,  should  the  gas-holder  be  made  of 
the  same  diameter,  having  a cylinder  of  five  feet  diameter  for 
the  balance- weights  to  work  in,  it  will  still  contain  15,000  cubic 
feet,  so  that  its  capacity  is  not  thereby  considerably  lessened. 

39. 


By  it.  the  first  cost  of  erecting  a gas-holder  of  16,000  cubic  feet 
capacity,  will  be  decreased  £20u,  or  £250.  It  will,  of  course, 
require  that  the  gas-bolder  should,  in  this  case,  be  made  so  as 
to  exhibit  in  the  plan  two  concentric  circles ; one  of  which 
would  he  the  diameter  of  (lie  gas-holder,  and  form  its  sides,-— 
the  other,  or  interior,  that  which  clipped  round  the  cy  linder, 
and  of  so  much  greater  diameter  as  would  allow  it  to  slide  up 
and  down  upon  it  freely.  It  would  be  riveted  to  the  top  of  the 
gas-holder  in  the  same  way  as  the  outer  one,  and  made  firm  by 
one  piece  of  angle  iron  going  round  its  top,  and  another  round 
tho  bottom. 

But  this  gentleman,  on  pursuing  his  inquiries  still  further, 
proposed  to  work  the  gas-holder  without  using  chains  or 
balance-weights ; yet  in  such  a way  as  to  have  the  pressure 
uniform  at  all  its  heights;  and  to  exemplify  the  possibility  of 
the  thing  being  effected,  he  constructed  models  of  different 
dimensions.  By  describing  the  following  figure,  which  is  a 
vertical  section  of  this  gas-holder,  the  reader  will  understand 
the  principles  on  which  it  is  constructed  so  clearly  as  to  render 
it  quite  familiar.  The  tank  for  this  gas-holder  is  in  all  respects 


similar  to  that  used  for  others  which  work  vertically.  It  is 
filled  with  water  to  the  height  expressed  hy  the  dotted  line 
liB.  C is  the  pipe  which  brings  the  gas  into  the  gas-holder, 
and  P the  pipe  of  exit  therefrom.  The  gas-holder  EFOH, 
when  of  15,000  cubic  feet  capacity,  is  constructed  of  No.  16 
wire-gauge  plate  iron.  It  is  concavo-shapcd  at  the  top,  in 
order  that  if  it  should  be  erected  in  fhc  open  air,  no  lodgment 
of  water,  8tc.  may  remain  upon  it  so  as  to  increase  the  pres- 
sure. From  the  centre  of  the  bottom  of  the  tank  rises  a cast- 
iron  column  I,  I.  of  about  thirty-five  feet  in  height ; this  acts  as 
a guide  for  keeping  the  gas-holder  in  a vertical  position,  which 
is  effected  either  by  a pipe,  (whose  inner  diameter  is  about 
half  an  inch  more  than  the  oqter  diameter  of  the  column,) 
bolted  to  the  top  of  that  vessel  ioside,  and  braced  to  the  upper 
edge  thereof  by  a sufficient  number  of  rods  as  K K,  or  other- 
wise by  a tube  of  plate-iron  of  the  same  dimensions  secured  in 
a similar  manner.  At  the  centre  of  the  bottom  of  the  gas- 
holder is  placed  an  air-vessel  « A erf,  constructed  of  plate-iron, 
the  top  of  which  is  to  be  situated  at  such  a height  as  to  be  level 
with  the  surface  of  water  in  the  tank  when  the  gas-holder  is  at 
its  greatest  rise.  This  air-vessel  is  to  be  of  the  capacity  of 
such  a bulk  of  water  as  is  equal  in  weight  to  the  actual  weight 
of  the  gas-holder,  less  the  pressure  it  may  be  intended  to  ho 
worked  at.  For  finding  the  dimensions  of  air  vessels,  for  gas- 
holders of  any  capacity,  is  subjoined  the  following 

Rule. — Given  (he  diameter  of  the  gas  holder,  its  depth,  and 
weight,  together  with  the  pressure  at  which  it  is  intended  to  be 
5 C 
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wrnked,  also  the  depth  proposed  for  the  air-vessel,  to  find  its 
diameter  :— 

First  : — Find  tho  area  of  the  base  by  squaring  its  diameter  in 
inches,  and  multiplying  that  square  by  the  urea  of  unity  ,7654. 

If  the  gas-holder  work  at  one  inch  pressure,  the  area  so 
found  will  be  the  number  of  cubic  inches  of  w ater  displaced, 
consequently,  multiplying  it  by  the  number  of  inches  of  pres- 
sure which  it  may  be  worked  at,  will  give  the  number  of  cubic 
inohes  of  water  displaced  at  that  pressure. 

Divide  the  inches  so  found  by  17*28.  which  will  reduce  them 
into  cubic  feet.  These  multiplied  b}  KMX)  ounces,  the  weight 
of  a cubic  foot  of  water,  gives  the  weight  in  ounces,  which  may 
be  reduced  into  tons,  8tc.  in  the  usual  manner. 

Subtract  this  weight  from  the  weight  of  the  gas  holder,  and 
the  remainder  shews  the  weight  of  such  a bulk  of  water  ns  is 
equal  in  weight  to  the  absolute  weight  of  the  gus-liolder,  less 
the  pressure  it  is  to  be  worked  at. 

Ucducc  the  weight  last  found  into  ounces,  and  divide  by 
1000,  the  quotient  shews  the  capacity  of  the  air-vessel  in 
cubic  feet. 

Divide  the  capacity  of  tho  air-vessel  just  found  by  its  depth 
in  feet,  the  quotient  will  be  the  area  of  its  base  in  square  feet. 

Now  as  the  air-vessel  is  cylindrical,  to  find  its  diameter,  say 
As  365  : 452  : : so  is  the  area  to  the  square  of  the  diameter. 

The  square  root  of  the  last  result  is  the  diameter  required. 

Example. — Given  the  diameter  of  the  gas-holder  33  feet,  its 
depth  17  feet,  and  weight  3 Ions  15  cwt.— It  is  to  be  worked  at 
inch-and-balf  pressure,  the  depth  of  the  air-vessel  being  one 
foot,  to  find  the  diameter  of  that  vessel : — 

First  33  feet  = 390  inches. 

Then  390  x 31*6  x ,7854  zz  123103,2864  superficial  inches, 
the  area  of  a circle  whose  diameter  is  33  feet  in  inches. 
123163,2601  x I)  = 184744  (nearly)  cubic  inches  of  water 
displaced  nt  1J  inch  pressure. 

164744  -J-  1728  zz  107  cubic  feet  of  water  nearly  ; 107  cubic  feet 

of  water  is  equal  to  107000  ounces,  or  to  tons  2,  19,  2,  13. 
Then  tons  3,  15,  0.  0.— Tons  2,  19,  2,  13  — 

Cwt.  16,  1,  16,  or  27668  ounces. 

276G8  1000  = 27,568  cubic  feet,  the  capacity  of  the  air-vessel. 

27,668  I — 27,668,  the  area  of  the  base  of  the  air-vessel  in 
square  feet. 

To  find  the  diameter,  say 

As  355  : 452  : : 27 .56*4  ; 35.1,  the  square  of  the  diameter. 

» y/  35, 1 = 6,92  nearly, — 

therefore,  for  a gas-holder  of  the  dimensions  and  weight  as 
above  given,  and  working  at  inch-and-half  pressure,  it  would 
require  an  air-vessel  one  foot  deep  and  five  feet  eleven  inches 
in  diameter. 

A vessel  of  tho  size  just  described  would  be  sufficient  so  to 
buoy  up  the  gas-holder  when  full,  as  to  allow  it  to  stand  at  a 
certain  pressure;  but  ns  it  descends  into  the  water  in  the 
action  of  discharging  its  contents,  its  weight  would  decrease 
from  the  circumstances  explained  heretofore,  when  speaking 
of  gas-holders  working  by  weights  and  chains  ; therefore,  unless 
the  air  confined  in  the  vessel  could  in  some  way  be  disposed 
of,  the  pressure  would  be  continually  changing.  To  obviale 
this  difficulty,  Malam  proposes  the  following  appendages 
to  the  gas-holder.  A pipe  L L,  of  eight  inches  diameter, 
equal  in  height  to  the  height  of  the  tank,  enclosing  within 
it  another  pipe  of  the  same  height  of  two  inches  diameter, 
marked  M in  the  figure.  From  the  pipe  M there  is  a com- 
munication to  the  vessel  N by  means  of  the  small  bend- pipe  », 
which  rises  to  nearly  the  ton  of  that  vessel.  Through  the  top 
of  the  closed  vessel  N is  brought  the  vertical  pipe  A,  which 
descends  nearly  to  its  bottom,  and  rises  to  a height  equal  to 
that  of  the  tank  of  the  gas-holder.  This  pipe  is  of  such  a 
diameter  ns  to  make  it  equal  in  capacity  to  the  water  displaced 
by  the  gas-bolder  when  quite  down. 

In  forming  rules  for  calculating  the  capacity  of  the  compen- 
sating pipe  A, and  the  vessel  N,  we  proceed  as  follows: — 

First,  find  the  eircainfcrcnce  of  the  gas-holder  thus,  as  7 : 
22  : : the  diameter  to  the  circumference: — then  multiply  the 
circumference  by  the  depth  of  the  gas-holder,  and  that  again 
by  the  weight  of  a square  foot  of  the  malrriai  of  w hich  it  is  to 
be  formed,  adding  the  necessary  weight  for  rivets,  and  tlio 


weight  of  that  part  which  will  be  immersed  in  water,  will  be 
known.  To  And  its  bulk,  say 

As  the  specific  gravity  of  the  material  of  which  the  gas-holder 
is  composed 

Is  to  the  weight  last  found  reduced  into  ounces, 

So  is  one  cubic  foot 

To  its  magnitude  in  cubic  feet. 

This  magnitude  divided  by  the  height  of  the  pipe  A.  will  give 
the  area  of  its  base.  The  diameter  of  which  may  be  found  by 
the  rule  already  given  for  finding  that  of  the  air-vessel. 

Example.— Given  the  diameter  of  the  gas-holder  33  feet,  the 
depth  to  which  it  is  immersed  in  water  17  feet,  the  weight  of  a 
square  foot  of  the  material  of  which  it  is  formed  (plate-iron) 
2 lbs.  1 1 or. ; — its  specific  gravity  being  7645.— to  find  the 
diameter  of  the  compensating  pipe  A.  its  height  being  17  feet: 
First:  as  7 : 22  : : 33  : 103,7  the  circumference  103,7  x 17 
zz  1763  nearly. 

Then  1763  x 2lbs.  11  oz.  =:  4838  lbs.,  to  which,  if  we  add 
762  lbs.  as  an  allowance  for  rivets,  Ike.  we  have  5600 lb*,  or 
80000  ounces,  for  the  weight  of  that  part  of  ths  gas-holder 
which  becomes  immersed  in  water.  To  find  its  bulk,  say 
As  7615  : 6600  : : I : 11,72  cubic  feet  nearly.  1 1 .72  17  SS 

,09  (nearly)  the  area  of  llie  base  of  the  pipe  in  question. 

For  the  diameter, 

As  365  . 452  : ,69  : : ,8785  the  square  of  the  diameter 

* y/  ,8785  = ,937.  or  1 1 i inches  nearly.  Therefore  the 
compensating  pipe  for  such  a gas-holder  would  require  to  be 
HI  inches  in  diameter. 

As  the  vessel  N is  connected  by  the  bend  r (o  the  upright 
pipe  M,  and  that  to  the  air-vessel  hy  the  pipe  O,  (which  lises 
and  falls  with  the  gas-holder  between  the  pipes  L and  M,  the 
space  being  filled  with  walcr  so  as  to  form  an  hydraulic  juint.) 
nod  the  small  pipe  I*  P,  which  runs  along  the  top  of  the  gas- 
holder, and  from  its  centre  descends  into  the  air-vessel,  it  will 
be  evident  that  if  this  gas  holder  he  brought  into  action,  it  must 
he  prepared  fur  use  in  the  following  manner.  We  will  sup- 
pose the  gas-holder  to  be  down  in  the  tank,  which  is  filled  with 
water.  The  pipe  LL  is  also  filled  with  water  to  within  a lew 
inches  of  the  top.  Then  into  the  vessel  N let  the  water  be 
poured  hy  means  of  the  upright  pipe  A till  it  runs  out  at  the 
cock /,  that  cock  being  situated  at  such  a height  as  will  indi- 
cate, when,  by  pouring  in  more  water,  it  would  descend  in  the 
bend  e.  Things  being  thus  prepared,  attach  the  condensing 
apparatus  to  the  cock f,  which  is  fitted  with  a screw  for  receiv- 
ing it,  and  inject  air  till  snch  lime  as  the  water  from  the  vessel 
N rises  to  the  same  height  in  the  pipe  A as  it  is  in  tho  tank  of 
the  gas-holder.  When  such  is  the  case,  part  of  the  vessel  N. 
from  the  lop  to  the  doited  line  g,  will  he  filled  with  air.  ns  will 
also  the  bend  e.  the  pipes  M and  O,  and  the  small  pipe  P. 
Whilst  this  is  performing,  it  is  evident  that  the  air  will  be 
thrown  into  the  air-vessel ; for  if  we  suppose  the  water  to  have 
risen  to  the  same  level  in  the  pipe  A,  that  it  is  in  the  tank, 
there  must  be  the  same  pressure  upon  the  air  in  the  vessel  N, 
as  in  the  air-vessel  abed,  and  the  air  will  be  equally  condensed 
in  each.  But  as  the  air-vessel  will  not  then  be  filled  with  air.  it 
must  he  considered  under  like  circumstances  with  a vessel  of 
any  sort  inverted  into  water.  If  a vessel  be  pushed  or  let  down 
to  any  depth  in  that  fluid,  then  by  the  pressure  of  the  water 
some  of  it  will  ascend  into  the  vessel,  hut  not  so  high  as  the 
water  without,  and  will  compress  the  air  into  less  space,  accord- 
ing to  the  difference  between  the  heights  of  tho  internal  and 
external  water.  Should  the  tank  be  about  thirty -four  feet  in 
depth,  the  air-vessel  would,  with  such  pressure,  have  the 
weight  of  two  atmospheres  upon  it,  aud  the  air  therein 
would  be  compressed  into  one  half  the  space  it  would  oceuny 
when  the  gas-holder  had  risen  to  its  greatest  height,  and  tns 
top  of  the  air-vessel  was  level  with  the  surface  of  water  in  the 
tank.  This  compression  would,  in  a similar  ratio,  be  increased 
or  diminished  with  a greater  or  less  depth.  Considering 
j these  points,  it  follows  that  the  capacity  of  the  vessel  N must 
j he  such  as  to  contain  a sufficiency  of  water  for  filling  the  pipe 
A between  about  two  inches  below  the  top  of  the  bend  e,  and 
| as  much  above  llie  bottom  of  the  pipe  A.  when  the  gas-holder 
j is  worked  at  inch-and-halT  pressure.  The  cocky  being  shut, 
and  the  condensing  apparatus  removed,  if  gas  be  allowed  to 
i enter  into  the  gas-holder,  the  vessel  will  be  caused  to  rise  in  the 
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tank,  and  as  it  rises  the  column  of  water  in  the  pipe  A is 
depressed,  and  the  air  out  of  the  vessel  N passes  into  the  air- 
vessel  a bed,  thus  increasing  the  buoyancy  of  the  gas-holder  in 
proportion  to  its  rise,  till  it  has  attained  its  greatest  height,  and 
then  all  the  air  has  been  discharged  from  the  vessel  N into  the 
air-vessel.  This  contrivance  is  well  adapted  for  keeping  up  a 
regularity  of  pressure,  and  extremely  simple  in  operation. 

There  have  not  been  wanting  other  contrivances  for  working 
gas-holders  by  means  of  air-vessels,  as  Mr.  Perks’s,  in  which 
the  air-vessel  was  closed,  and  attached  to  the  interior  of  the 
lower  edge  of  the  gas-holder,  and  so  constructed,  that  by  the 
opening  and  shutting  of  valves  to  increase  or  diminish  the 
pressure,  by  the  admission  of  water,  or  by  letting  in  of  air. 
Another  patent  was  obtained  in  1819,  by  Mr.  Outhett,  of  Lam- 
beth, for  a gas-holder  working  with  air-vessels.  His  plan 
differs  from  both  the  former.  The  vessel  for  giving  buoyancy 
to  the  gas  holder,  being  constructed  of  strong  materials,  is 
closed,  and  the  air  in  it  condrnsed  to  a very  considerable 
degTce,  whilst  the  other,  which  answers  for  the  compensating 
apparatus,  is  open.  Both  these  vessels  are  placed  a little 
above  the  centre  of  gravity  of  the  gas-holder. 

In  addition  to  the  list  of  gas-holders  is  one  of  Clegg's  inven- 
tion, with  a very  shallow  tank,  into  which  the  lower  edge  is 
immersed.  This  gas-holder  occupies  a greater  area  of  base 
than  such  as  have  already  been  mentioned.  When  it  is  full  of 
gas,  the  end  view  is  represented  by  an  equilateral  triangle,  the 
bearings  being  from  the  angle  opposite  to  the  base.  This  gas- 
holder is  so  constructed,  that  the  sides  have  a tendency  to 
close  with  each  other,  and  therefore  when  the  valve  of  supply 
is  opened,  such  tendency  expels  the  gas.  In  this  gas-holder  it 
Is  evident,  that  some  part  of  each  end  must  he  constructed  of 
flexible  materials.  It  is  known  to  the  gas-light  manufacturer 
by  the  term  ••  Collapsing  Gas-holder/' 

Various  Kindt  of  Valves,  Syphons,  and  Tar  Wells, — The 
necessity  of  adopting  effectual  means  for  shutting  off  all  com- 
munication between  the  gss-holder  and  street-mains,  as  well  as 
from  one  ramification  of  main  to  another,  suggested  the 
propriety  of  introducing  valves  upon  the  line  of  main-pipes. 
Those  originally  used  by  the  gas-light  companies  were  slide 
valves,  similar  to  what  are  used  by  the  water  companies;  but, 
such  have  now  been  long  out  of  general  use  ; and  h>draulie.  or 
pneumatic,  valves,  or  combinations  of  both,  have  supplied 
their  place.  The  valve  seems  to  have  undergone'  more 
changes  in  its  structure  than  almost  any  other  part  of  the  gas- 
light apparatus;  it  appears  to  have  been  within  the  reach  of 
most  men,  and,  according  to  the  abilities  exerted,  it  has  been 
altered.  In  some  rases,  change  appears  to  have  been  the  sole 
object  in  view,  for  alterations  which  did  not  lessen  the  expenses 
of  construction,  decrease  the  dimensions  of  the  valve,  or  render 
it  more  effective,  could  not  bo  termed  improvements. 

It  will  not  he  necessary  to  take  up  time  in  describing  all  the 
various  kinds  of  valves  which  have  been,  and  are  now  used. 
Wc  shall  dcseribe  but  two,  namely,  an  hydraulic  and  a pneu- 
matic valve;  the  former  being  well  adapted  for  use  in  the 
manufactory,  and  the  latter  for  the  street-mains.  The  annexed 
figure  is  a vertical  section  of  an  hydrnulie  valve,  invented 
by  Malam,  which  is  particularly  useful  in  the  connexions  about 
the  purifying  vessels,  and  on 
the  works.  This  valve  is  cylin- 
drical,  flanched  at  top  and  bot- 
tom, and  cast  with  a flanch 
quarter  bend  projecting  up- 
wards, from  one  side  of  the 
diameter  required.  At  the  bot- 
tom is  bolted  a double  cup, 
which  rises  to  the  height  of  the 
lower  part  of  the  bend  just 
mentioned.  Through  the  cen- 
tre of  this  cup  is  an  opening  of 
the  same  diameter  with  the 
bead.  This  centre  part  pro- 
jects a few  inches  below  the 
bottom  of  the  valve,  and  is  fur- 
nished with  a flanch  for  joint- 
ing it  to  the  pipe  by  which  the 
gas  is  brought  into  it.  Through 


the  bottom  of  the  valve  is  brought  a bend  of  wrought-iron  tube, 
as  expressed  in  the  figure,  which  is  connected  to  an  upright 
pipe  of  the  same  material,  rising  to  the  top  of  the  valve,  for 
introducing  water  into  the  double  cup.  the  top  of  this  supply- 
ing pipe  is  covered  with  a cap,  which  is  screwed  on,  save  when 
it  may  be  necessary  to  furnish  a supply  of  water.  The  top  of 
the  valve  is  covered  with  a blank  Hunch,  which  is  jointed  and 
secured  thereto  by  screw-bolts  in  the  usual  way.  At  the  cen- 
tre of  the  top  is  fixed  a stuffing-box,  the  bottom  of  which  is 
tapped  for  receiving  the  square  thread  lifting-screw.  This 
screw  is  surrounded  by  a wrought-iron  case  with  a thread 
inside  for  receiving  it.  The  case  is  moveable  in  tlir  stuffing 
box,  and  of  sufficient  height  to  allow  the  lifting-screw  to  rise  to 
the  greatest  height  that  may  be  required.  It  is  furnished  with 
two  handles,  which  with  it  serve  as  n wrench  for  raising  or 
lowering  the  screw.  The  bottom  of  this  screw  is  secured  to  a 
double  inverted  cup,  as  shewn  in  the  figure,  and  therefore  that 
is  lifted  or  lowered  with  it.  The  inverted  cup  is  so  construct- 
ed, as  when  let  down  to  fall  between  the  two  circles  forming 
the  lower  one;  and  thus,  if  wc  suppose  the  bottom  eup  to  be 
nearly  filled  with  water,  and  the  upper  one  immersed  into  it, 
it  follows  that  the  valve  so  constructed  is  capable  of  sustaining 
double  the  pressure  of  that  which  is  constructed  with  but  a 
single  cup,  and  under  such  arrangment  it  will  not  occupy  more 
than  half  the  room  of  the  former,  to  be  equally  effective. 

It  may  be  worthy  of  remark,  that  the  objections  to  the  suffi- 
ciency of  this  valve  have  been  most  fully  answ  crcd  by  the  expe- 
rience of  several  years.  The  action  and  counter-action  of  the 
inner  and  outer  of  tbc  lower  cups  being  reciprocal  between  each 
other,  ns  most  appear  evident  on  examining  the  figure,  renders 
it  altogether  safe.  Fig.  I,  is  a plan  of  this  valve,  which,  from 
Fig.  I.  wbat  has  been  said,  does  not  require  fur- 

ther description.  Fig.  2,  is  a vertical 

O section  of  M alum's  pneumatic  valve,  w hich 
from  the  stuffing-box  at  the  top,  to  the 
step  for  Iho  spindle  at  the  bottom,  is 
somewhat  more  than  twice  the  diameter 
- of  the  main  on  which  it  is  to  be  used. 
/ Thus,  for  instance,  from  the  top  to  the 

/f  bottom  inside  of  a fourtccn-inch  valve  of 

\((([  ’ Ibis  description,  will  be  ahout  three  feet, 

.UVvy^y  and  in  a similiar  proportion  for  smaller  or 
V **rKcr  one*-  The  body  of  flic  valve  is 
v 'Jr  squaie,  as  shewn  in  the  plan,  a few  inchea 

from  the  top  of  which  is  at  one  side  a 
socket,  and  in  a direct  line  with  that  ia 
Fig,  2.  placed  at  the  other  side  a 

I spigot,  in  order  that  it  may 

be  introduced  into  the  range 
of  main-pipe  ns  necessity 
requires.  The  inner  faces 
■PHh  6 IHHBH  of  the  socket, 

Ji  " ' spigot,  project  ahout  an  inch 

P ! inward,  and  require  to  be 

B j ; chipped  and  filed  so  as  to 


| present  perfectly  plane  sur- 
'i  faces.  Through  the  top  of 

the  valve,  which  is  fitted 
I 3.  I with  a stuffing-box,  is  intro- 

I | duecd  the  spindle,  in  such 

| a way  that  the  lower  end  of 

| it  rests  in  the  step  at  the 

v.,  mr  «ii  r bottom  of  the  valve,  and  the 

boss  beneath  brass  couplings,  or  a collar  in  the  bottom  of  the 
stuffing-box.  So  that  when  the  stuffing  box  is  fitted,  and  the 
glan  bolted  down,  should  the  wrench  nr  key  be  applied  to  the 
square  top  of  the  spindle,  it  will  turn  freely  round,  hut  without 
being  raised-  If  we  then  suppose  the  valve  to  bo  open,  as 
shewn  in  the  fignie,  there  will  rest  upon  the  bottom  two  wedge- 
shaped  pieces  with  their  points  downwards,  and  between  them 
the  frustum  of  a square.  The  spindle  passes  through  the  latter, 
which  is  fitted  with  a screw  for  receiving  it,  and  it  is  thereby 
raised  or  lowered,  and  the  valve  shut  or  opened.  Upon  the 
centre-piece,  at  a convenient  distance  from  the  top,  is  bolted  a 
spring,  which  is  also  connected  to  the  side-pieces,  so  ns  to  act 
between  the  top  of  them  and  the  fastening  boll.  In  its  natural 


376 


6 A 6 


DICTIONARY  OP  M BCI1ANICAL  SCIENCE. 


GAB 


position  it  has  a tendency  towards  drawing  the  side-pieces 
together,  and  of  pushing  the  middle  ono  downwards.  This 
contrivance  allows  the  three  pieces  to  be  lifted  together, 
without  being  rubbed  against  the  inside  of  the  valve,  till  the 
outer  pieces  touch  the  top.  The  further  ascent  of  the  outer 
pieces  being  then  arrested,  the  middle  one  continues  to  be 
raised  by  the  screw  till  they  arc  completely  wedged  up  against 
the  interior  of  the  socket  and  spigut.  And  as  these  wedge* 
shaped  pieces  are  faced  with  cork  or  leather,  the  pressure  cun 
be  carried  to  such  pitch  as  effects  an  air-tight  joint  upon  each, 
thus  effectually  preventing  the  passage  of  the  smallest  portion 
of  gas.  When  the  valve  is  in  such  position,  the  spring  will  be 
elongated  horizontally,  and  so  remain  till  the  screw  is  turned 
for  lowering  the  interior  pieces,  when  it  again  resumes  its 
former  shape,  and  thus  draws  the  side-pieces  towards  each 
other,  and  pushes  the  middle  one  downwards.  The  annexed 
figure  is  a plan  of  this 
val  vc.  It  exhibits  the 
liancli  to  which  the  lop 
is  bolted,  the  socket  and 
spigot  shewn  in  the  for- 
mer section,  and  the  top  of 
the  inner  pieces  with  the 
facings  of  cork.  That 
this  is  an  effective  and 
sirnplo  valve,  appears  evident  from  barely  inspecting  the 
figure.  It  is  of  small  size,  and  can  be  got  up  at  a very  trifling 
expense,  when  compared  with  others  more  generally  adopted. 

Syphons  are  of  two  kinds  : the  larger  sort  are  distinguished  by 
their  diameters,  two,  three,  or  four  inches,  &c.  syphons  ; the 
smaller,  which  are  used  on  the  service-pipes,  are  generally  term- 
ed “gun-barrel  syphons,"  or  “ bottle  syphons/’  The  shape  of 
the  vessel  itself  is  similar  in  each  case,  but  the  furniture  and  use 
are  different.  The  larger  sized  syphon  is  a east-iron  cylin- 
rical  vessel  of  about  a foot  deep,  and  of  the  diameter  inside 
agreeable  to  its  distinguishing  name.  It  is  ffanchcd  round  the 
top,  and  to  this  flaneh  is  bolted  a blank  llanch.  Through  the 
centre  of  the  blank  flaneh  a hole  is  drilled  and  screwed  for 
receiving  a piece  of  wrought-iron  tubing,  which  descends 
nearly  to  the  bottom,  and  project*  a few  inches  above  the  top. 
Another  piece  of  similar  tubing  is  bent  and  screwed  also  into 
the  top  ; thence  rising  nearly  perpendicular,  it  is  connected  to 
the  bottom  of  the  main-pipe,  from  thence  the  water  of  conden- 
densalion  descends  by  it  into  the  syphon. 

The  gun-barrel  syphon  is,  in  shape,  nearly  similar  to  that 
just  described,  but  its  dimensions  arc  much  smaller;  namely, 
about  eight  inches  deep,  and  four  in  diameter. 

The  tar-well,  is  a cylindrical  vessel  of  about  ten  inches 
diameter  inside,  by  twelve  inches  deep,  when  used  upon  all 
mains  of  less  than  ten  inches  diameter  ; but  when  it  is  used 
upon  laigcr  mains,  the  diameter  of  the  body  of  the  tar-well 
must  be  about  two  inches  greater  than  the  diameter  of  such 
main.  This  vessel  is  cast  with  n socket  at  one  side,  and  a 
spigot  at  the  other,  similar  to  those  of  the  pipes  with  which  it 
is  to  be  used ; therefore,  a tar-well  with  a socket  and  a spigot, 
similar  to  a two-inch  pipe,  is  called  a two-inch  tar-well,  one 
for  a three-inch  pipe,  a three-inch  tar-well,  and  so  on. 

Mains  and  Distributing  Pipes.— In  the  present  supplement 
to  the  Encyclopaedia  Britannic*,  it  is  stated,  that  a pipe  of  an 
inch  bore  will  supply  100  jets ; but  it  ought  to  be  observed,  that 
this  only  bo'ds  in  peculiar  circumstances.  If  we  suppose  a 
pipe  of  the  above  dimensions  exteuded  for  300  yards  from  the 
point  of  supply,  we  shall  find  that  the  jets  will  gradually  dimi- 
nish in  intensity  of  light  towards  the  extremity  of  such  a pipe. 
It  is,  therefore,  safer,  even  in  point  of  economy,  to  calculate  on 
the  pipes  being  something  above  rather  than  below  this  state- 
inent,  between  the  supply  and  quantity  of  light. 

A want  of  experience  on  this  branch  of  the  establishment,  and 
an  increased  demand  for  gas  beyond  what  was  calculated  upon, 
lias  frequently  created  great  trouble  as  well  as  very  serious 
loss,  not  only  in  the  works  here,  but  in  several  of  those  in 
England.  Accordingly,  in  some  cases  they  have  been  obliged 
to  lift  and  relay  pipes  of  additional  bore,  and  in  others  to  lay 
down  additional  subsidiary  mains.  This  lias  at  no  time  arisen 
from  any  deposition  of  crystals  or  other  matter  in  the  pipes, 
so  as  to  contract  the  area,  bat  from  want  of  sufficient  practice 


to  shew  what  dimensions  under  different  local  circumstances 
would  be  needful,  and  from  the  increased  demand  alluded  to. 
Should  you,  therefore,  suppose  that  an  increase  of  light,  to 
the  extent  of  10,000  jets,  would  take  place  in  a few  years,  it 
would  then  be  prudent  that  the  mains  for  the  proposed  esta- 
blishment should  not  be  less  thnn  lOinchcs  in  diameter,  and  that 
the  other  distributing  pipes  in  the  various  streets  of  the  town 
be  proportioned  in  the  same  ratio : and  this  must  be  obtainod 
by  a survey  of  the  shops  and  other  establishments  where  gas- 
lights may  be  supposed  to  be  taken  in. 

Valvetand  Water  Traps. — The  water  valves  which  we  should 
recommend  as  preferable  to  any  other  yet  in  use  for  shutting 
off  the  gas,  must  also  be  proportioned  to  the  area  of  the  pipes, 
where  it  shall  be  found  needful  to  place  them  ; and  these,  in  all 
cases  where  they  are  needful,  will  serve  not  only  as  stop 
valves,  but  as  drips  to  carry  off  the  condensed  vapours  that 
collect  in  the  pipes  in  a liquid  form.  The  number  of  these 
necessary  must  also  be  ascertained  by  actual  survey,  and  from 
the  inclination  of  the  streets. 

Service  and  Inside  Pi/ses. — The  service  pipes  that  branch  off 
from  the  distributing  ones,  to  convey  the  gas  within  such 
premises  as  are  to  be  lighted,  may]  be  of  cast-iron,  varying 
from  | to  II  inch  bore,  and  upwards,  as  the  quantity  of  light 
to  be  supplied  may  determine.  The  pipes  that  have  hitherto 
been  fitted  up  for  shops  and  other  manufactories,  have  for  the 
most  part  been  of  wrought  iron,  which  have  been  found  to 
answer  better  than  copper  ones,  which  were  at  first  in  use  ; 
but  of  late,  block  tin  pipes  have  superseded  in  a coniderable 
degree  the  others.  Pipes  of  this  description  have  advantages 
which  strongly  recommend  them  to  c onsumers,  and  to  manufac- 
turers of  gas.  They  are  not  acted  upon  by  iho  gas  so  as  to 
be  corroded,  nor  does  any  matter  adhere  to  their  interior; 
consequently,  any  complaints  or  trouble  that  formerly  occurred 
from  these  sources  will  be  completely  obviated. 

Burners. — Argund  burners  of  three  different  si*cs,  and  jets 
of  different  figures,  are  pretty  generally  In  use.  Each  jet  is 
equal  to  the  intensity  of  light  of  a candle  and  half,  weighing  six 
in  tbe  pound,  and  will  consume  about  one  cubic  foot  of  coal 
gas  per  hour.  The  No.  1 urgaud  burner  is  equal  in  intensity 
of  light  to  three  of  these  jets,  and  will  consume  only  about  two 
cubic  feet  of  gas  per  hour.  The  light  derived  from  such  a 
burner  being  much  greater  in  proportion  to  the  gas  consumed, 
thun  in  burners  of  the  jet  form,  some  would  strongly  recom- 
mend (hat  argands  as  much  as  possible  be  used,  as  a matter  of 
material  interest  to  a gas  company,  and  of  comfort  to  the 
community.  Some  of  the  works  in  England,  aware  of  tbis, 
give  out  none  but  argand  burners  to  their  customers,  except  in 
cases  where  they  use  meters. 

Apparatus  for  the  Production  of  Gas  for  Illumination,  from 
Oil , Vc. — For  the  more  general  diffusion  of  the  benefits  arising 
from  tbc  use  of  gas-lights,  where  houses  and  manufactories  are 
at  a distance  from  towns,  and  where  coals  are  scarce,  and  room 
scanty,  Messrs.  Taylor  and  Martineau,  some  years  ago,  in- 
vented and  brought  to  great  perfection,  an  apparatus  whereby 
every  purpose  of  economy  is  answered,  and  a most  beautiful 
and  splendid  light  is  obtained  merely  from  tbc  distillation  of 
impure  oils,  grease,  Ac. 

A general  idea  of  the  process  may  be  formed  from  the  fol- 
lowing account A quantity  of  oil  is  placed  in  an  air-tight 
vessel,  in  such  a manner,  that  it  may  flow  into  retorts  which 
are  kept  at  a moderate  red-heat ; and  in  such  proportions,  as 
may  regulate  the  production  of  gas  to  a convenient  rate,  which 
may  be  easily  governed  by  the  will  of  the  operator. 

Tbe  oil,  in  its  passage  through  the  retorts,  is  decomposed, 
and  converted  into  gas  proper  for  illumination,  having  tho 
great  advantages  of  being  pure  and  free  from  sulphurous  con- 
tamination, and  of  supporting  a very  brilliant  flame,  with  the 
expenditure  of  very  small  quantities.  It  will,  however,  gene- 
rally be  found  that  some  oil  passes  off  in  the  state  of  vapour, 
without  being  decomposed  ; and  in  order  to  condense  this, 
and  return  it  again  into  the  oil  vessel,  the  gas  is  made  to  pass 
through  a vessel  immersed  in  water,  by  whioh,  and  its  exit  by 
a worm,  the  vapour  is  condensed  again  into  oil,  and  flows  at 
once  into  tbc  oil  cistern,  so  as  to  come  again  iuto  use  in  tho 
retorts.  As  a further  precaution  to  purify  the  gas  from  oil, 
which  may  be  suspended  in  it  in  the  state  of  vapour,  it  is  con- 
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▼eyed  into  a wash  vessel,  whore.  by  bubbling  through  watcr.it 
is  further  cooled  nod  rendered  lit  for  use;  and  passes  by  a 
proper  pipe  into  a gasometer,  from  which  it  is  suffered  to 
branch  off  in  pipes  in  the  nsual  manner. 

An  apparatus,  (it  for  a large  establishment,  and  capable  of 
producing  from  1.600  to  1,800  cubic  feet  of  gas  at  one  ope- 
ration,  requires  only  the  cleaning  out  the  retorts,  which  be- 
comes necessary  from  time  to  lime,  from  the  accumulation  of 
a certain  quantity  of  carbonaceous  matter.  This,  and  the 
necessary  attention  to  keep  up  a moderate  fire,  is  ihe  only 
tiouhle  which  attends  the  nse  of  the  apparatus;  and  the  time 
required  for  the  production  of  the  above  quantity,  would  in 
general  be  about  sis  hours.  The  number  of  lights  which  would 
be  supplied  by  1,800  cubic  feet  of  oil  gas,  reckoning  that  they 
were  art  and  burners,  and  employed  for  four  hours,  would  be 
about  300,  and  giving  a light  equal  to  from  3,000  to  3.600 
mould  candles.  In  order  to  adapt  them  to  different  establish- 
ments requiring  smaller  quantities  of  light,  and  to  fit  them  for 
private  houses,  they  may  be  made  of  various  sizes,  accommo- 
dated to  different  degrees  of  power,  and  suitable,  by  the  small 
space  they  occupy,  for  situations  where  much  room  cannot  be 
spared.  One  capable  of  furnishing  gas  for  from  12  to  20 
argaud  lights,  may  be  conveniently  placed  in  a small  kitchen 
fire-place,  and  will  occupy  a space  of  four  feel  by  three,  and  a 
height  of  about  eight  feet. 

For  private  houses,  a gasometer  should  not  contain  less 
than  from  80  to  100  cubic  feet,  and  for  larger  establishments, 
they  should  contain  from  300  to  600.  There  arc  great  advan- 
tages in  having  the  gasometer  as  large  as  circumstances  will 
admit;  in  the  first  place,  the  demand  of  the  longest  night  in 
winter  should  be  provided  for,  and  the  increased  consumption 
occasioned  by  lighting  the  greatest  number  of  rooms  for  com- 
pany. In  the  second  place,  both  the  trouble  and  expense  of 
the  gas  is  diminished  by  having  a reservoir  sufficiently  capa- 
cious to  bold  some  days'  ordinary  consumption,  by  w hieh.  us 
the  gas  improves  by  keeping,  it  is  most  convenient  and  econo- 
mical to  have  to  make  it  hut  once  or  twice  a week. 

In  a private  house,  where  three  or  four  rooms  arc  ade- 
quately lighted,  and  where  a small  dame  is  kept  burning  all 
night  in  a bed-chamber,  it  lias  been  found  that  from  20  to  30 
cubic  feet  of  oil-gas  is  sufficient;  and  therefore,  a gasometer 
containing  100  feet  will  give  a supply  for  four  nights.  Such  a 
gasometer  will  be  about  six  feet  long  and  four  wide,  and 
rather  more  than  four  feet  high.  One  for  400  cubic  feet  may  be 
ten  feet  Jong,  and  seven  wide,  and  about  six  high.  There  is 
no  occasion  that  a gasometer  should  be  placed  near  the  other 
parts  of  the  apparatus. 

Gss  Light.  We  will  now  give  Professor  Leslie's  exami- 
nation of  the  illuminating  powers  of  oil  and  coal-gas,  having 
shewn  the  manner  in  which  each  is  prepared  and  dispensed  in 
cities.  The  Professor's  experiments  were  made  at  the  request 
of  the  Edinburgh  gas  light  company,  and  are  confined  to  two 
points  : 1st,  The  comparative  density  of  the  gases  : 2dly,  Their 
relative  powers  of  illuminating. 

“ 1st,  The  density  of  your  coal-gas  commonly  docs  not 
mnch  exceed  six  tenths  of  that  of  atmospheric  air;  When  I 
began  the  operations,  its  density  was  only  *603;  bat  it  was 
afterwards  618,  and  is  now  *623.  In  winter  I once  found  it  to 
lie  *680,  and  at  another  time  as  high  as  *700,  thongh  it  was 
oftener  at  -600.  The  variation  seldom,  I presume,  exceeds  the 
eighth  part.  A small  quantity  of  oil-gas,  procured  for  the 
experiments,  1 found  to  have  the  specific  gravity  of  only  *674, 
not  greater  indeed  than  that  of  your  coal-gas,  when  made  from 
the  best  coal.  The  oil-gas,  however,  furnished  by  Mr.  Milne, 
manufactured  on  a small  scale,  and  apparently  with  great 
care,  at  his  works,  was  materially  denser,  being  as  high  ns 
iM3,  though  on  a former  occasion  I found  it  to  be  only  810. 
If  we  assume  in  round  numbers  the  density  of  coal  and  oil 
gas  to  be  six  and  nine-tenths  of  that  of  atmospheric  air,  it  is 
easy  to  compute,  that  under  the  pressure  of  half  an  inch  of 
water,  the  quantities  discharged  from  the  burner  No.  I.  of  the 
oil-gas,  which  contains  ten  holes,- each  having  the  l-40th  of  an 
inch  in  diameter,  would  be  respectively  41  and  3 8-Ocubio  feet. 
The  quantities  actually  consumed,  however,  are  only  about  the 
halves  of  these  measures,  because  the  aperture  is  always  con- 
tracted by  partly  shutting  the  rock  to  bring  the  flame  to  the 

40. 


same  standard  height.  When  the  flame  is  thus  regulated,  I 
find  the  consumption  ot  the  same  gas.  and  with  the  same 
burner,  always  the  same,  w hntrvcr  may  be  the  load  placed  on  the 
gasometer.  For  instance,  after  increasing  the  load  four  times, 
and  consequently  doubling  Ihe  velocity  or  discharge,  yet  on 
adjusting  the  cock  so  as  to  reduce  the  llamo  to  its  former 
height,  the  expenditure  of  the  gas  was  not  altered. 

" 2dly.  The  illuminating  powers  of  the  two  gases  were  men- 
tuted  with  great  accuracy,  by  the  application  of  my  photonic, 
ter,  which  I had  somewhat  modified  to  exclude  every  irregular 
influence  of  heat.  The  indications  were  steady  and  easily 
noted,  nor  could  the  judgment  of  Ihe  observer  be  liable,  as  in 
other  cases,  to  an\  sort  of  bias  or  indecision.  It  hence  appears 
to  be  ascertained,  that  with  the  same  burner  the  powers  of 
illumination  of  different  gases,  and  of  the  same  gas  in  different 
states,  arc  very  nearly  proportional  to  their  densities.  The 
same  Height  of  gas  of  any  kind  gives  out  the  same  quantity  of 
light;  but  if  equal  bufkt  be  taken,  the  illuminating  powers  fol- 
low llio  ratio  of  tlicir  densities.  But  the  quantity  of  light 
emitted  is  uot  uniformly  proportional  to  the  measure  of  the  gas 
expended.  A certain  burner,  for  instance,  was  observed  to 
produce  double  the  illuminating  effect,  though  it  consumed 
only  one-half  more  of  either  species  of  gas.  With  No.  1.  of 
the  oil-gas  burner,  the  relative  illumination  of  Mr.  Milne’s  oil- 
gas to  that  of  your  coal-gas,  was  found  to  be  as  six  to  five. 
But  a cubic  fool  of  the  former  lasted  thirty-eight  minutes, 
while  a cubic  foot  of  the  coal-gas  was  spent  in  thirty  minutes 
and  a half.  The  relative  vo- 
lumes consumed  were  lienee 
in  the  space  of  an  hour  168 
and  l*l>7,  or  in  the  ratio  of 
four  to  five.  Wherefore  while 
five  cubic  feet  of  coal-gas  give 
five  degrees  of  light,  four  cubic 
feet  of  tbo  best  oil-gas  give  six 
degrees;  that  is.  for  equal  vo- 
lumes the  illuminating  power 
of  the  oil  to  the  coal-gas  is  as 
three  to  tiro.  The  same  con- 
clusion was  obtained  on  pass- 
ing those  several  gases  suc- 
cessively through  the  argand 
coal-gas  burner  No.  2.  Thus 
the  illumination  of  oil  gas  is 
actually  less  than  the  half  of 
what  has  been  currently  as- 
serted.” 

The  advantages  of  oil-gas  arc.  that  bring  free  from  sulphur- 
etted hydrogen,  it  will  not  injure  metallic  goods,  pictures, 
elegant  bindings  of  books,  or  gilded  furniture  of  any  descrip- 
tion; and  will  give  out,  when  burning,  only  one  half  the  heat 
of  coal-gas.  And  the  further  advantages  arising  from  the 
portable  form  in  which  it  is  now  offered  arc — 1st.  That  frora 
being  moveable,  a less  quantity  of  light  will  be  rcauked  in  an 
apartment  than  when  the  light  is  fixed  in  one  place.  2dly. 
That  it  is  capable  of  beiug  economized,  as  a great  or  small 
number  of  the  lamps  may  be  lighted,  and  the  strength  of  tho 
flame  diminished  or  increased  at  pleasure;  the  customer  pay- 
ing for  no  more  gas  than  is  nsed.  And,  3dlv.  That  the  gas 
may  be  used  in  situations  where  it  is  impossible  in  any  other 
manner  to  convey  gas  lights. 

Portable  fiat  Lamp. — The  following  figure  exhibits  a different 
plan  for  burning  gas.  contained  in  a portable  vessel,  with  an 
equal  flame.  A.  B,  C,  D,  is  the  vessel,  E the  opening  at  which 
the  gas  is  forced  in.  by  means  of  a pump,  and  F is  the  jet  at 
which  it  escapes  and  is  consumed.  *H,  I,  is  a bar  to  support 
the  gas  tube  K.  S,  L,  open  only  at  one  end.  The  space  from 
K,  to  the  float  P,  contains  mercury.  The  two  floats,  P and  R, 
are  connected  by  the  string  or  chain  X,  Y ; and  to  the  top  of 
the  float  R the  stout  wire  Z,  Z,  Z,  is  attached  perpendicularly. 
To  the  top  of  this  wire  is  affixed  a cubical  piece  of  metal, 
shaped  on  all  tides  like  n wedge.  This  is  contained  in  a Mud 
of  box  marked  3,  3. 3,3.  which  Is  also  shaped  wcdgc-likc.  hut 
with  a greater  angle  at  the  bottom  ; 4,  4,  arc  two  metal  plates, 
each  exactly  the  same  size  as  one  side  of  the  box.  These 
plates  are  to  be  pushed  backwards  or  forwards  by  the  screws 
5 D 
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6,5.  till  the  aperture  is  adjusted, 
when  the  ends  of  tbc  screws  may 
be  cut  otf.  Now,  suppose  the  cubi- 
cal vessel  A,  B,  C,  I>,  empty  of  gax, 
the  mercury  in  the  tube  is  alike 
Well  at  both  surfaces.  The  forcing 
pump  is  applied  at  E;  and,  as  the 
gras  is  condensed,  it  compresses  the 
air  in  the  end  of  the  tube  at  K:  of 
course  the  mercury  rises,  earning 
the  float  P up  along  with  it;  the 
other  ball  is  tlrnwn  down,  and 
brings  down  with  it  the  wire  Z, 
which  gradually  slops  llie  opening 
at  the  top  of  the  wire ; and,  rs  the 
gas  contained  is  diminished.  the 
pressure  will  be  taken  oil'  the  surface  of  the  mercury  at  It,  the 
Rir  at  k will  expand,  and  raise  tbc  wire  Z,  and  enlarge  the 
opening. 

The  Portable  Gas  Company  of  London,  have  positively 
pledged  theinselics  to  the  public,  that  c\rry  one  of  these 
lamps  tins  been  proved  to  resist  a pressure  of  between  000  and 
7001bs.  upon  the  cubic  inch;  and.  that  they  will  in  no  instance 
be  subjected  to  a pressure  of  little  more  tlmu  400;  there  will 
therefore  be  a surplus  strength  of  200  upon  every  square  inch; 
or  in  other  words,  each  vessel  has  suflicicnt  power  to  receive  a 
supply  of  gns  nearly  equal  to  tjftecn  additional  atmosphere* t 
The  most  timid  need  not  then  fear  an  explosion  of  these 
lamps. 

Comparative  Merits  of  Coal  anti  Oil  Cat. — A good  deal  of  dis- 
cussion has  of  late  arisen  regarding  the  comparative  merits  of 
these  two  gases,  and  so  much  has  the  subject  been  perplexed 
by  the  conflicting  statements  of  rival  manufacturers  and  com- 
panies, that  the  question  can  hardly  yet  be  considered  as 
settled,  although  the  general  impression  undoubtedly  is,  that 
the  coal  gas.  where  coal  is  abundant,  has  the  advantage  in 
point  of  economy,  though  it  is  rather  inferior  to  the  oil  in  point 
of  purity.  As  the  subject  has  become  interesting  to  the  public, 
vre  shall  state  a few  farts  regarding  it,  which  arc,  perhaps,  not 
generally  known,  and  for  which  wc  arc  parti)  indebted  to  an 
interesting  report  lately  published  by  the  Dundee  Gas  Com- 
pany, and  which  forms  the  result  of  certain  inquiries  set  on 
foot  by  that  Company  for  their  information.  First,  then,  in 
regard  to  the  expense  of  manufacturing  coal  gas,  this,  as  may 
be  expected,  will  varv  with  the  price  and  quality  of  the  coal, 
and  also  with  the  skill  and  economy  in  managing  the  different 
processes  of  the  manufacture.  In  Glasgow,  the  cost  of  manu- 
facturing 1000  cubic  feet  of  coal  gas  is  so  low  as  4/.  9rf.  exclu- 
sive of  interest  on  capital.  In  Edinburgh  it  is  from  It.  to  St. 
In  Liverpool  and  London  about  It  Jr.  But  the  selling  price  of 
the  gas  in  these  different  places  is  exactly  in  proportion  to  the 

• Thu  WHtedwpfl  Road  Oil  Gi-s  Company,  according  to  Mr.  Tail’s 
inform* I i*ui  in  the  Duarte*  Report,  divided.  at  the  end  of  i|.«  first  year,  2,| 
per  cent  ; but  nl  ike  l*M  general  meeting  { No /ember,  1-2'J.)  an  dividend  was 
made.  The  Hull  Company,  by  lire  same  report,  baa  paid  frothing ; the 
Norwich  nothing,  and  the  Colchester  b.ia  been  com  cited  into  a coal  gaa. 

t Although  tire  eaa<~t  proportion  of  the  illuminat  ing  powers  of  these  g*vea 
hi*  not  yet  been  settled,  a good  many  experiments  have  bene  made  with  ibis 
view  ; there,  when  rightly  considered,  do  not  differ  from  cadi  other  so  mm  b 
as  ba»  been  supposed,  and  agree,  on  the  abide,  pretty  nearly  in  assigning 
tile  above  ratio  of  between  two  and  four  tn  ana  in  favour  of  ml,  according 
to  lire  quality  of  tbe  coal  ga*.  The  subject  list  n**l  certainly  been  examined 
with  sufficient  attention,  nor  with  any  thing  like  that  degree  of  accuracy 
which  suoh  experiments  demand,  and  in  the  present  state  of  science,  et-ily 
admit  of,  and  ■rim  surprised  thst  some  of  tbn  parties  interested  bare  not 
already  set  on  foot  aucli  inquiries  as  will  set  this  mutter  completely  «t  rest. 
Professor  Leslie,  we  understand,  lisa  bren  recently  rngsged  in  making  some 
experiments  on  these  gasra;  end  certainly  no  instrument  it  an  well  adapted 
for  comparing  their  illuminating  powers  as  the  phutomelor,  with  which  be 
has  contrived  to  measure  the  various  shades  of  light.  Under  tbe  handa  of 
skilful  observers,  this  instrument  coaid  not  fail  to  lead  to  interesting  results. 
The  method  of  shadows,  however,  is  out  entirely  so  satisfactory,  nor  in  many 
rrspects  ao  convenient,  because  we  cannot  easily  compile,  in  Ilia  maimer, 
the  gives  of  d.fl'erent  places  unleaa  they  are  actually  brought  together,  and 
burred  in  tbe  same  apartment,  wbereaa  tbe  photometer  measures  lb*  actual 
»»  well  B«  lire  relative  degre-s  of  light.  Still,  however,  the  mrllrnd  of 
shadows,  with  attention,  and  in  tbe  same  plscc,  will  give  a pretty  near 


price  of  producing  it.  In  Glasgow,  IQOO  feet  of  gas  sells  at 
8#.  6 rl.f  in  Edinburgh  at  12s..  in  Liverpool  at  13s.  Brf.,  and  in 
London  at  14s.  firf.  or  15#.  The  difference  arises  partly  from 
differences  in  the  dividends  paid  by  the  companies  oil  their 
respective  capitals,  and  partly,  also,  we  believe,  from  waste, 
and  perhaps  part  of  the  current  expenses  not  being  included 
ill  tbe  cost  price. 

But  even  the  quality  of  the  gas  in  different  establishments 
varies  considerably  in  its  illuminating  power,  owing  partly  to 
management,  but  chiefly  to  the  nature  of  the  coal  front  which 
it  is  generated.  In  Ibis  respect  the  gas  from  rannel  coal, 
from  which  most  of  it  is  got  in  Scotland,  is  decidedly  superior 
to  the  London  gas,  which  is  all  produced  from  Newcastle  coal; 
a cubic  foot  of  the  former  w ill  burn  from  one  to  one  and  a halt 
times  longer  than  one  of  the  latter,  and  give  all  the  time  the 
same  degree  of  light.  On  this  account,  therefore,  the  fair  illu- 
minating value  of  ihe  gas  in  the  above  places  does  not  cor- 
respond with  its  selling  price,  the  London  gas  being  really 
from  one  to  one  and  a half  times  dcatcr.  This  consideration  is 
of  essential  importance  in  all  our  inquiries  into  the  economy  of 
gases,  and  a want  of  due  intention  to  it  is  one  of  the  chief 
causes  of  those  discrepant  results  which  have  been  obtained  on 
tixio  subject,  and  of  that  diversity  of  opinion  to  which  they  have 
given  rise. 

In  regard  now  to  the  price  of  manufacturing  and  selling  oil 
gas,  this  is  pretty  much  the  same  in  different  places,  and  the 
gas  being  all  generated  from  the  same  material,  its  quality  is 
hence  pretty  uniform.  The  cost  of  manufacturing  1000  cubic 
fert  of  oil  gas  is  estimated  by  Taylor  and  Martineau,  the 
patentees,  at  26#.;  by  Mr.  Peckstonc  at  2Hr. ; by  Mr.  Ricardo, 
of  the  Bow  Works,  at  27#.;  and  it  is  actually  made  at  Hull  for 
28#. ; and  at  Leith,  wc  believe,  much  the  same.  The  selling 
price  again  is  in  London  50#.;  in  Hull  50#  ; in  Leith  50#..  until 
of  late  it  has  been  reduced  to  40/.,  the  lowest  price  at  which  it 
has  ever  been  sold.  But  there  is  one  important  circumstance 
to  be  noticed  here.  At  the  above  prices  of  the  coni  ga*i.  all  the 
Companies  have  been  dividing  considerable  profits,  which  mar 
he  averaged  at  8 per  cent.  on  the  capital  of  each,  while  the 
Oil  Gas  Companies  again,  at  their  prices,  have  been  in  many 
cases  losing,  and  in  no  case  dividing  more  Ilian  2|  or  3 per 
cent.*  It  thus  appears,  then,  that  the  same  quantity  of  ins 
which,  in  the  case  of  coal,  sells  in  Glasgow  at  Ht.  6d..  in  Edin- 
burgh at  12/..  and  in  London  at  14#.  ft/.,  cannot,  in  the  rase  of 
oil,  be  any  where  sold  with  a profit  under,  wc  may  safely  say. 
45/..  supposing  even  the  oil  to  continue  ut  the  same  rate  to 
which  it  has  fallen  of  late  years. 

Hut  the  quality  of  the  oil  gas  is  much  superior  to  that  even 
of  the  best  coal  in  its  light  giving  power.  A cubic  foot  of  it 
will  burn  with  an  equal  degree  of  light  between  three  and  four 
times  longer  than  the  London  gas,  and  between  two  and  three 
times  longer  than  the  Scotch  gas  + If  wc  take  this  circum- 

njifiroxiiBslifra  to  the  troth  ; and  we  shall  jut!  state  the  revolt*  obtained  in 
tin.*  manner  by  different  observer*.  In  Ixirxiofr,  Taylor  and  Mnr- 

lineau  find  the  illuminatin';  power*  of  their  oil  gaa  lime*  superior  to  that 
of  the  coal  gaa  in  tbe  neighbourhood.  This  estimate  ha*  been  confirm'd  by 
Mr.  Braude,  and  several  other  observers,  more  particular!*  by  Mr.  Dvwey 
of  New  York,  in  aa  experiment  conducted  with  great  fa i rise**,  each  foot  ol 
ib«  oil  g*s  burning  exactly  three  and  a half  ijmoa  longer  than  a foot  of  llie 
coal.  Hence,  it  liaa  been  laid  down  at  o»ce  aa  a general  rule,  that  nil  gas  is 
three  or  four  times  superior  to  coal  in  illuminating  powers , and  this  notion, 
sanctioned  by  the  nsiuea  of  the  observer*  and  the  accuracy  of  the  expo • - 
nient*,and  propagated  with  wal  by  the  oil  gat  advocate*  and  companies,  liaa 
had  considerable  weight  with  the  public  ; the  Commit  l <e  of  the  Dundee  Com- 
pany, for  example,  bating  beitce  calculated  on  the  illuminating  powers  as  .X 
tn  I.  But  wa  believe  it  it  undeniable,  that  the  London  gaa  obtained  from 
Newca»tle  coal  is  considerably  inferior  to  the  Scotch  gas  obtained  from  the 
cannel  cool  and  oilier  Scotch  ooslv.  The  exact  proportion  we  do  not  know, 
but  it  ta  between  I aod  I ) limes  inferior — aav,  then,  tli«t  it  is  only  I J tunes, 
and  this,  in  tbe  ease  of  iLe  Scotch  gaa,  will  reduce  tbe  estimate  of  Taylor 
and  Msrtinvau.  the  oil  gaa  patentees  ibcmaelvr*.  to  (be  proportion  of  2}  to  ! 
in  favour  of  oil ; and  this  corresponds  pretty  nearly  with  the  observation* 
w’jich  hare  actually  been  made  in  ibis  country,  Mr.  Crichton  of  Glasgow, 
bile  civil  rngineer  there,  makes  tbe  proportion  2 to  1 in  favour  of  ok.  Dr. 
Ure  of  Glasgow,  find*  the  aam^  proportion;  and  Mr.  Mile*,  r>n«  of  the 
agents  fur  the  oil  gas  patenters,  according  t«  a writer  in  tbe  Damir*  Report, 
niakrs  it,  in  reference  to  the  Glasgow  coal  <»»,  a*  2,  or,  at  most  2|  to  1. 
Capet  intent*,  we  believe,  have  also  bren  made  by  llie  Company  here  on  tbo 
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stance  into  Account,  then,  we  shall  obtain  an  exact  estimate  of 
the  rompaialivc  economy  of  the  two  gases ; 1000  fee t of  oil 
KM  will  thus  give  the  same  quantity  of  light  as  3600  feet  of 
Loudon  gas,  and  as  2500  feel  of  Scotch  gas ; and  the  prices  of 
the  same  ouantity  of  light  dciivcd  from  these  different  gases 
respectively  will  be, — from  oil  gas,  -1 6s.,  London  coal  gas, 
60 j.  Or/.,  Edinburgh  coal  gas,  30s.,  Glasgow  coal  gas,  21*.  3d. 
The  expense  of  the  same  light  for  tallow  candles,  at  Is.  per  lh., 
is  about  80s.  Of  all  these  places,  then,  London  is  the  most 
likely  for  an  oil  gas  work  to  succeed  as  a profitable  concern, 
Edinburgh  next,  and  Glasgow  the  least.  It  appears  evident, 
however,  from  these  facts,  that  even  in  Edinburgh  we  cannot 
expect  to  obtain  our  light  from  oil  gas  at  a price  less  than  50 
per  cent,  higher  tliau  from  coal,  even  though  the  price  of  oil 
should  continue  as  it  is.  Considering  indeed  the  waste  which 
takes  place  in  converting  oil  into  gas,  together  with  the 
expense  of  the  process,  it  cannot  be  expected  that  the  latter 
should  ever  form  a very  cheap  light.  In  the  present  state  of 
the  manufacture,  a quantity  of  the  inflammable  matter  of  the 
oil  is  lost  by  the  imperfect  nature  of  the  decomposition, 
besides  a quantity  of  the  gas  itself,  which  is  necessarily  wasted 
in  every  gas  establishment.  Of  the  amount  of  these  losses 
we  are  not  informed,  but  a loss  there  ecrtainly  is  to  some 
extent.  Moreover,  were  there  no  expense  attending  the  manu- 
facture of  oil  gas,  its  light  could  not  be  so  cheap  as  that  from 
the  oil  itself,  burned  in  a good  lamp,  where  all  the  inflammable 
matter  is  consumed  ; and  when  we  add  to  this  all  the  expenses 
of  the  manufacture  and  gas  establishment,  it  is  evident,  that  the 
cost  of  this  light  must  be  considerably  increased,  unless  the  oil 
acquires  by  its  conversion  into  gas  some  new  illuminating  vir- 
ue  which  it  does  not  possess  in  its  raw  state,  a circumstance 
which  has  indeed  keen  asserted,  but  never  proved.* 

Such  being  the  comparative  economy  of  the  two  gases,  let 
us  no*  consider  their  respective  qualities.  On  this  point  it  is 
agreed  on  all  hands  that  the  oil  is  superior.  In  the  first  place, 
it  is  free  from  that  sulphureous  matter  which  rises  along  with 
the  coal  gas,  from  which  it  is  difficult  to  deprive  this  latter  gas. 
and  the  effect  of  which  is  not  only  to  corrode  the  pipes,  and  all 
the  internal  fittings  of  the  apparatns  exposed  to  the  gas,  but 
also  to  tarnish  the  plate  and  gilding  of  (he  apartment  in  which 
the  gas  is  burned.  From  this  contamination  the  oil  gas  is 
entirely  free,  and  this  constitutes  its  great  advantage.  But, 
on  the  other  hand,  it  cannot  bo  denied  that  the  plans  which 
have  been  devised  for  purifying  the  coal  gas  have  had  const- 
derahle  sui-eess.  In  Glasgow,  and  even  in  Edinburgh,  where  the 
coal  is  of  inferior  quality,  the  gas  is  now  manufactured  in  sacli 
purity,  that  the  presence  of  sulphur  cannot  be  detected  in  it  by 
the  most  delicate  tests;  and  in  fact  it  is  said  by  these  com. 
panic*  to  be  now  incapable  of  tinging  either  plate  or  gilding 
any  more  than  oil  gas.f  If  this  fact  could  he  satisfactorily 
established,  it  would  be  of  great  importance.  The  best  proof 
of  it  which  could  be  given  would  be  the  adopting  of  the  coal 
gas  by  jewellers,  among  whom  its  use  was  discontinued  at  the 
first  trial,  on  account  of  its  injurious  effects,  and  has  since,  we 
believe,  nut  been  resumed  by  any  of  them.  Another  advantage 
ascribed  to  the  oil  gas  is  its  freedom  from  any  unpleasant 
smell.  If  this  he  meant  of  the  gas  itself  as  it  escapes  from  the 
pipes  by  leakage  or  otherwise,  the  oil  gas  is  in  this  respect 
certainly  very  little,  if  at  all,  superior  to  coal.  We  arc  con- 
vinced. indeed,  from  rxpcricncc,  that  neither  of  them  could 
well  he  tolerated,  if  allowed  to  escape  unburnt;  and  it  would 
be  difficult  to  decide  which  of  the  two  smells  is  the  most  otfen- 


Etlinburgh  gas,  which  is  gmcrnivd  from  different  sorts  of  coal,  and  for  gas 
••fun  «TtT«gc  quality,  the  proportion  ha»  been  found  si  2f  to  1.  Besides 
these  authorities,  an  interesting  act  of  experiments  hare  been  made  1> v 
Messrs.  Ileropath  and  Rootsey  on  ihe  Bristol  gas,  aod  tlieir  proportion  is 
tint  of  If  J to  1,  or  2 to  I.  Making  doe  allowance,  then,  for  the  bins  of  the 
trspretive  ponies,  we  are  certainly  not  underrating  the  oil  gas  when  we 
s tnne  it.  as  state,  at  2)  tiroes  superior  to  cttl  gx*. 

• Sir  \V.  Congreve  observes,  (list  * there  can  be  no  doubt  that  the  light 
C tis  produced  by  oil  gas  is  much  chesper  than  tint  produced  by  the  direct 
l.iiiBiug  of  the  oil,  and  some  have  oven  estimated  lire  gun  at  25  per  cent.  It 
would  require,  however,  strong  p»ix>f  to  sn'istinUate  ibis  fact,  and  the 
experiments  of  Ileropath  and  Rootsey  of  Bristol  shew,  on  the  contrary,  n 
’os*  of  28  per  cent. 


live.  But  with  proper  attention  on  the  part  of  Ine  company, 
the  escape  of  the  gas  can  be  entirely  prevented,  as  is  remarked 
by  Mr.  Tail,  engineer,  London,  in  his  Report  to  the  Dundee 
Company.  “ As  to  the  sincll  of  oil  gaa,”  says  be,  “ being  less 
offensive  in  rooms  than  coal  gas,  this  is  a mere  matter  of  taste. 
For  my  own  part,  I would  sooner  tolerate  the  latter;  hut  nei- 
ther or  them  produce  any  smell  whatever,  if  the  services  are 
secured,  and  the  joints  properly  cemented/'  Bat  if  the  smell 
refers  to  the  effect  on  the  air  of  the  room  by  the  burning  of  the 
gases,  to  the  heat  and  closeness,  to  the  smokiness,  or  to  any 
other  disagreeable  vapour  arising  from  any  of  the  gases  more 
than  another — in  this  respect  the  oil  certainly  has  the  advan- 
tage. Much  depends  on  the  way  in  which  the  burners  are 
t managed,  a proper  attention  to  which  will,  perhaps,  in  either 
case,  prevent  any  unpleasant  effects.  But  on  this  point  we 
have  no  satisfactoir  information. 

“Oilgas,"  say  Taylor  and  Martincau,  “burns  with  a far 
purer  and  more  brilliant  light  than  coal  gas."  With  good  coal 
gas  we  cannot  say  that  we  Lave  ever  perceived  a very  material 
difference  in  this  respect.  Besides  these,  there  are  various 
minor  points  of  comparison  between  the  two  gases,  on  which, 
however,  it  is  unnecessary  to  enlarge  ; and  in  regard  to  the 
advantage  which  oil  gas  possesses,  of  being  more  easily  gene- 
rated, and  without  any  of  those  nuisances  to  which  the  coal  gas 
establishments  are  subject,  also  its  being  less  bulky,  and  held 
therefore  in  gasometers,  and  distributed  in  pipes  of  half  the 
usual  dimensions,  these  advantages  arc  all  involved  in  the 
price. 

Such,  then,  arc  a few  of  the  facts  regarding  these  two  species 
of  light,  which  we  have  endeavoured  to  collect,  from  different 
sources,  for  the  information  of  our  readers.  It  is  evident,  on 
the  whole,  that  the  oil  gas,  though  it  will  he  a much  cheaper 
light  than  candles,  will  yet  here  be  considerably  dearer  than 
coal  gas  ; hut  then  it  is  purer,  and  burns  with  a brighter  light ; 
and.  as  Mr.  Dewey  of  New  York  remarks,  if  some  are  content 
with Jine,  there  is  no  reason  why  others  should  not  prefer  super- 
fine. This,  of  course,  is  a matter  of  choice  with  the  public ; 
and  it  is  not  oar  intention,  by  the  above  remarks,  to  recom- 
mend either  the  one  or  the  other  light  io  preference,  but  merely 
to  state  the  facts  which  have  come  to  our  knowledge. — Cal. 
itfflYvry. 

GASKET,  a sort  of  plaited  cord  fastened  to  the  sail-yards  of 
a ship,  and  used  to  furl  or  tic  up  the  sail  firmly  to  the  yard  by 
wrapping  it  round  both,  six  or  seven  times,  tbc  turns  being  at 
a compel'  nt  distance  from  each  other. 

Bunt  Gasket,  is  that  which  supports  or  tics  up  the  hunt  of 
the  sail,  and  should  consequently  be  the  strongest,  ns  having 
the  greatest  weight  to  support ; it  is  sometimes  made  in  a 
peculiar  manner. 

Quarter  Gasket,  used  only  for  large  sails,  and  is  fastened 
about  half-way  out  upon  the  yard,  which  part  is  called  the 
quarter. 

The  Yard- arm  Gasket,  is  made  fast  to  the  yard-arm,  and 
serves  to  hind  the  sail  ns  fur  as  the  quarter-gasket  on  large 
yards,  but  extends  quite  Into  the  hunt  of  small  sails. 

GASSENDI.  Peter,  a celebrated  French  philosopher  and 
astronomer,  was  horn  in  a village  in  Provence,  in  151)2.  He 
very  early  discovered  great  talents,  and  at  the  age  of  10  tins 
made  professor  of  rhetoric  at  Dignc.  and  soon  after  professor 
of  philosophy  at  Aix.  Gassendi  died  in  1655.  in  the  63d  year 
of  bis  age,  leaving  his  manuscripts  to  M.  de  Monmor,  his  friend 
and  executor. 


| t Mr,  Neils***,  engineer,  Glnsgnw.  in  hi*  judicious  It-  port  |i»  the  Do...t-r 
I Company,  nli»rnf«,  "the  ga*  at  present  male  in  the  Glasgow  work*  »p» in, 
in  be  entirely  free  of  it.  (the  sulphuretted  btdrogen. ) and  will  nut  ting* 
cither  silver  nt  gilding,  nor  cun  tbe  ancUle  of  lord,  which  is  reckmu-d  * 
delicate  lest,  discover  in  it  any  r>f  (hi*  offensive  mixture.”  Besides  the  *nl- 
| dm  retted  livdrogen.  however,  the  ga*  contains  bvdnvs'ilphnriM  of  ammonia, 
wliirh  prows  injurious  to  rnpper  a>  d iron  gnx-pipc.s,  and  of  which  it  is  still 
more  difficult  to  deprive  the  £»*.  Mr.  Dewey  of  New  York  a'atea,  that  tbit 
lias  been  rlmse  by  >lr.  James  Neilsan  of  the  Glasgow  gas  work*,  but  that 
' owing  lo  the  expense  of  Ihe  process,  and  tbe  low  price  ut  which  tbe  gas  ia 
famished  |n  the  ctMomrr*.  if  hx«  not  Wen  carried  fully  into  effect.”  Great 
iiw|ir'*vei»'V«na.  therefore,  may  yet  l*e  looked  for  in  the  p«mlsc;ttioti  of  coal  gas,  the 
m«B'jf*ctare  of  which  prcsei.fi  a rich  and  interesting  held  fur  the  researches 
of  the  chemist. 
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GASTBROSTEUS.  the  Stic  kit  Hack,  In  Natural  History,  a 
genus  of  fishes  of  the  order  of  thoracic!.  There  are  thirteen 
species,  G.  aculeatus,  or  tbrcc-spincd  stickleback,  is  found  in 
almost  all  the  fresh  waters  of  Europe,  and  is  about  time  inches 
long,  and  in  the  beginning  of  the  summer  displays  the  most 
beautiful  combination  of  bright-red,  fine  olive-green,  and  sil- 
very whiteness,  it  is  extremely  active  and  rapid,  rind  is 
particularly  injurious  in  fishponds,  as  it  devours  the  spawn  of 
tire  fish. 

GASTRIC  Ji  icr,  a fluid  of  the  utmost  importance  in  the 
process  of  digestion.  It  docs  not  act  indiscriminately  on  all 
substances,  nor  is  it  the  same  in  all  animals,  nor  does  it  con- 
tinue always  of  the  same  nature,  even  in  the  same  animal, 
changing  according  to  circumstances ; it  arts  with  n chemical 
energy  in  dissolving  food  ; attacking  the  surface  of  bodies,  and 
uniting  to  the  particles  of  them.  It  operates  with  more  energy 
and  rapidity  the  more  the  food  is  divided,  and  its  action  is 
increased  by  a warm  temperature.  The  food  is  not  merely 
reduced  to  very  minute  parts  ; its  taste  nnd  smell  arc  quite 
changed  ; its  sensible  properties  arc  destroyed  ; nnd  it  acquires 
new  and  very  different  ones.  This  fluid  does  not  act  as  a fer- 
ment, it  is  a powerful  antiseptic,  and  even  restores  flesh  already 
putrefied. 

GASTROBRANCHUS,  in  Natural  History,  n genus  of 
fishes  of  the  order  cartilaginci.  It  is  characterised  by  the  cir- 
cumstance of  exhibiting  no  traces  of  the  existence  of  such  an 
organ  as  the  eye.  It  w ill  often  enter  the  mouth.*  of  fishes  fixed 
on  the  hook  of  the  angler,  nnd  gnaw  a passage  through  their 
bodies,  devouring  all  but  the  bones  and  skin.  Its  substance  is 
so  highly  glutinous,  that  a large  vessel  of  sea  water  will,  in  a 
short  time  after  the  living  cuccus  is  placed  in  it,  become  of  the 
consistence  of  a jelly. 

GATE,  in  Architecture,  a large  door,  leading  or  giving 
entrance  into  a city,  tow  n,  castle,  pnlacc,  or  other  considerable 
building;  or  a place  giving  passage  to  persons, horses,  coaches, 
or  waggons,  Ac. 

GATT,  is  the  same  as  Channel,  and  is  a term  constantly 
used  on  the  Flemish  coast  and  in  the  Baltic  for  that  purpose. 

GAUGER,  a king's  officer  appointed  to  examine  all  tuns, 
pipes,  hogsheads,  and  barrels,  of  wine,  beer,  ale,  oil,  honey, 
Ac.  and  give  them  a mark  of  allowance  before  they  are  sold  in 
any  place  within  the  extent  of  his  office. 

(tAL'OB  Point  of  a solid,  is  used  to  denote  the  diameter  of 
that  circle,  whose  area  is  expressed  by  the  same  number  as  is 
equal  to  the  number  of  cubic  inches  in  the  solid.  Thus  17*16 
being  the  diameter  of  a circle  whose  area  is  *231  ; this  is  called 
the  gauge  poiut  of  the  wine  gallon,  which  contains  231  cubic 
inches. 

GAUGING,  the  art  or  act  of  measuring  the  capacities  of  all 
kinds  of  vessels,  and  llirncc  ascertaining  the  quantity  of  liquor 
which  they  contain.  Gauging  forms  a part  of  mensuration, 
and  is  treated  of  by  most  authors  who  have  written  on  the 
latter  subject;  this,  however,  is  generally  with  reference  to 
regular  figures,  as  the  frustums  of  cones  and  conoids,  of  para- 
bolic, hyperbolic,  and  elliptic  spiudlex.  Ac.  But  as  casks  arc 
seldom  of  any  exact  forms,  those  rules  must  he  regarded  as 
merely  theoretical,  and  not  applicable  to  the  common  cases 
that  occur  in  practice.  To  remedy  the  inconvenience  arising 
from  such  a number  of  rules,  and  at  the  same  time  to  abridge 
the  labour  attendant  on  several  of  them,  we  will  give  one  gene- 
ral rule  for  all  cases,  exceedingly  simple  in  its  application,  and 
which  is  as  follows  ; Add  into  one  sum, 

39  times  the  square  of  the  bung  diameter, 

25  times  the  square  of  the  head  diameter,  and 

26  times  the  product  of  those  diameters  ; 

multiply  the  sum  by  the  length  of  the  cask,  and  divide  the  pro- 
duct by  114;  then  this  last  quotient  divided  by  231  will  give 
the  wine  gallons,  and  divided  by  282  will  give  the  ale  gallons. 

L 

Or,  (39  B*  + 23  II*  + 26  BH)  x is  the  content  in 

inches;  which  being  divided  by  231  for  wine  gallons,  or  by  282 
for  ale  gallons,  will  be  the  content. 

Exam.  Let  the  length  of  a cask  be  40  inches,  the  bung 
diameter  32,  and  the  head  diameter  24. 


Here 32*  x 39  = 30900 

nnd 24*  X 23  = 14400 

aud 32  X 24  X 20  19968 


74304 
40 

and  divide  by 114)2972100 


the  sum  . , , 
multiplied  by 


gives 20071  cub.  in. 

this  divided  by  231  gives  112  wine  gallons,  or  divided  by 
282  gives  92  ale  gallons. 

But  the  common  practice  of  gauging  is  performed  mechani- 
cally, by  means  of  the  gauging  or  diagonal  rod,  or  the  gauging 
sliding  rule,  tbo  description  and  use  of  which  ate  as  follow. 

Gauging,  or  Diagonal  Hod , is  a rod  or  rule  adapted  for 
determining  the  contents  of  casks,  by  measuring  the  diagonal 
only,  vis.  the  diagonal  fiom  the  bung  to  the  extremity  of  the 
opposito  stave  next  the  head.  It  is  a square  rule,  having  four 
sides  or  faces,  being  usually  four  feet  long,  and  folding  toge- 
ther by  means  of  joints.  Upon  one  face  of  the  rule  is  a scale 
of  inches,  for  taking  the  measure  of  the  diagonal ; to  these  are 
adapted  the  areas,  in  ale  gallons,  of  circles  to  the  corresponding 
diameters,  like  the  lines  on  the  under  sides  of  the  three  slides 
in  the  sliding  rule,  described  below.  And  upon  the  opposite 
face  are  two  scales,  of  ale  and  wine  gallons,  expressing  the 
contents  of  casks  having  the  cot  responding  diagonals  ; and 
these  arc  the  lines  which  chiefly  constitute  the  difference 
between  this  instrument  nnd  the  sliding  rule  ; for  all  the  other 
lines  upon  it  are  the  same  with  those  in  that  instiument,  and 
arc  to  be  used  in  (he  same  manner. 

To  use  the  Diagonal  Hod.  Unfold  the  rod.  nnd  put  it  in  at 
the  bung-hole  of  the  cask  to  be  gauged,  till  its  end  arrive  at 
the  farthest  possible  distance  from  the  bong-hole,  and  note  the 
inches  and  parts  cut  by  the  middle  of  the  bung;  draw  out  the 
rod.  nnd  look  for  the  same  inches  and  parts  on  the  opposite  face 
of  it,  and  annexed  to  them  are  found  the  contents  of  the  cask, 
both  in  ale  and  wine  gallons. 

Exam.  Let  it  be  required  to  find,  by  this  rod,  the  content  of 
a cask  whose  diagonal  measures  34*4  inches  ; which  answers 
to  the  cask  in  the  foregoing  example,  whose  head  and  bung 
diameters  are  32  and  24.  aud  length  40  inches  ; for  if  to  the 
square  of  20.  half  the  length,  be  added  the  square  of  28,  half  the 
sunt  of  the  diameters,  the  square  root  of  the  sum  will  be  34.4 
nearly.  Now,  to  this  diagonal  34*4  corresponds  upon  the  rule,  the 
contrnt  91  ale  gallons,  or,  111  wine  gallons;  being  but  one  less 
than  the  content  found  by  the  former  general  rule  above  given. 

The  Gai'GING  Rule,  or  Sliding  Rule,  is  a sliding  rule  particu* 
larly  adapted  to  the  purposes  of  gauging.  It  is  a square  rule, 
of  four  faces  or  sides,  three  of  which  arc  furnished  with  sliding 
pieces  running  in  grooves.  The  lines  upon  them  arc  mostly 
logarithmic  ones,  or  distances  which  are  proportional  to  the 
logarithms  of  the  numbers  placed  at  their  ends;  which  were 
fine  lines  placed  upon  rulers,  by  Gunter,  for  expeditiously  per- 
forming arithmetical  operations,  using  a pair  of  compasses  for 
taking  off  and  applying  the  several  logarithmic  distances; 
but  instead  of  the  compasses,  sliding  pieces  were  added,  by 
Mr.  Thomas  Evcrard,  as  more  certain  and  convenient  in  prac- 
tice, from  whom  this  sliding  rule  is  often  called  Everard’s  Rule. 

GAURS,  an  ancient  sect  of  the  Magicians  in  Persia,  who 
profess  the  worship  of  one  God  alone,  the  belief  of  a resurrec- 
tion and  a future  judgment,  nnd  utterly  detest  all  idolatry. 
They  perform  their  worship  before  fire,  for  which  they  have  au 
extraordinary  veneration,  as  believing  it  to  be  the  most  perfect 
emblem  of  the  Deity. 

OAUT,  a term  made  use  of  in  the  East  Indies,  to  denote  a 
passage  or  road  from  the  coast  to  the  mountainous  or  upland 
country. 

GAUZE,  in  Commerce,  a thin  transparent  stuff,  sometimes 
woven  with  silk,  and  sometimes  only  of  thread,  either  plain  or 
figured ; the  latter  being  sometimes  worked  with  (lowers  of 
silver  or  gold  on  a silk  ground. 

GAVELKIND,  a tenure  or  custom  in  Kent,  by  which  the 
lands  of  the  father  are,  at  his  death,  equally  divided  amongst 
all  his  sons;  or  the  land  of  a deceased  brother,  in  case  he 
leaves  no  issue,  among  all  his  brethren.  This  custom  came 
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from  oui  Saxon  ancestors.  The  customs  attending  this  tenure 
art*,  that  the  heir,  at  the  ace  of  fifteen,  may  give  01  sell  his  lands 
in  gavelkind ; and  though  the  father  is  attainted  of  treason, 
and  suffer*  death,  the  son  inherit*.  A wife  shall  he  endowed 
of  a moiety  of  the  gavelkind  lands,  of  which  her  husband  died 
seised,  during  her  widowhood.  Likewise  a husband  mnv  he 
tenant  hy  courtesy  of  half  his  w ife’s  lands,  without  having  any 
issue  by  her;  hut  if  he  marries  again,  not  huviug  issue,  he 
forfeits  his  tenantry. 

GAZETTE,  a printed  account  of  the  transactions  of  nil  the 
countries  in  the  known  world,  in  a loose  sheet  or  half  sheet. 
This  name  is  with  us  confined  to  that  paper  of  news  published 
by  authority  of  the  government.  The  first  gazette  in  England 
was  published  at  Oxford,  Nov.  7.  1965. 

GELATINE,  in  Chemistry,  is  one  of  the  constituent  parts  of 
animal  substances,  nnd  may  be  obtained  by  repeatedly  wash- 
ing the  fresh  skin  of  au  animal  in  cold  water,  afterwards  boiling 
it,  and  reducing  It  to  a small  quantity  by  stow  evaporation,  and 
allowing  it  to  cool.  It  then  assumes  the  form  of  jelly,  and 
becomes  hard  and  semitransparent.  It  is  a princ  ipal  part  both 
of  the  solid  and  fluid  patts  of  animals,  and  is  employed  in  the 
state  of  glue,  size,  ana  isinglass. 

GELD,  in  our  old  customs,  a Saxon  word,  signifying  money  or 
tribute  ; also  a compensation  for  a crime.  Hence  w ergcld  was 
used  for  the  value  of  a man  slain,  and  orsgeld,  of  a beast. 

GELLI  BRAND,  Henry,  an  English  astronomer,  having 
been  professor  of  that  science  in  Gresham  College,  was  born 
in  London  1597,  and  died  in  the  same  city  of  a fever  in  1036, 
being  only  39  years  of  age.  Gellihrnnd  was  an  intimate 
acquaintance  of  Briggs,  ami  wrote  the  preface,  and  attended  to 
the  publication,  of  tho  **  Trigonometria  Britannic*,”  Briggs 
having  died  before  the  completion  of  that  great  undertaking. 

GEMINI,  the  Twins,  n.  One  of  the  Northern  signs,  being 
the  third  sign  of  the  zodiac,  and  the  last  of  the  Spring  signs. 
According  to  the  fixed  zodiac  of  Hipparchus,  the  Sun  enters 
Gemini  on  the  21st  of  May.  That  is  to  say.  the  Earth,  nt  that 
time,  passes  into  the  sign  Sagittarius,  nnd  the  Sun.  as  seen 
front  the  Earth,  appears  to  have  made  his  transit  from  Taurus 
into  Gemini.  According,  however,  to  the  recession  of  the 
equinoxes,  the  Siio  enters  Gemini  on  the  1 8th  of  June.  The 
Earth  is  of  consequence  about  to  quit  Sagittarius,  and  enter 
Capricornus.  A still  larger  portion  of  the  North  Pole  is  now 
in  the  light  than  wo  observed  in  the  last  sign,  nnd  the  days 
have  proportionally  increased  in  length,  for  the  Sun  rises  nt 
iv  ho.  6 mi.  a.  vi..  and  sets  at  VII  ho.  64  mi.  r.  m.  By  dou- 
bling the  time  of  his  rising,  wc  get  the  length  of  the  night  8 ho. 
12  mi.,  and  hy  doubling  the  time  of  his  setting,  the  length  of  the 
day  is  15  hours  48  minutes. 

Boundaries  and  Contents. — Gemini  arc  bounded  on  the  N.  by 
Lynx,  K.  by  Cancer,  S.  by  Monoceros  and  Cnnis  Minor,  anil 
W.  by  Taurus.  There  are  85  stars  in  this  constellation : namely, 
two  of  the  2d  magnitude,  four  of  the  3d,  six  of  the  4th,  4cc.  The 
chief  star  is  Castor,  whose  right  ascension  is  IKi0  40'  25",  and 
its  declination  329  19’  0\  This  star  appears  on  the  N.  N.  E. 
\ E point  of  the  compass,  at  London,  and  it  rises  and  culmi- 
nates as  in  the  following  Table  : Merid.  Alt.  70°  45'  O'. 


Month. 

Risks. 

Cci.w.  ] 

Month. 

Rises. 

Culm. 

bo.  mi. 

bo.  mi. 

ho.  mi. 

ho.  mi, 

Jan. 

2 55  A. 

12  34  M. 

July 

3 0 M. 

12  43  A. 

Fab. 

12  45  A. 

10  23  A. 

Aog. 

12  U M. 

to  31  H. 

Mar. 

10  55  M. 

8 34  A. 

Sept. 

11  0 A. 

8 J*  M. 

April 

H 55  M. 

G 41  A. 

Oct. 

9 10  A. 

f»  52  M. 

May 

7 0 M. 

4 50  A. 

Nor. 

7 15  A. 

4 55  M. 

June 

5 0 M. 

2 47  A. 

Dec. 

5 10  A. 

a 50  M. 

Castor  passes  vertical  over  the  States  of  Bnrbary,  Palestine. 
Pcrsiu,  Cashmere,  Thibet,  Honan  in  China,  Japan.  Louisiana 
in  North  America,  the  southern  parts  of  the  United  States,  the 
Bermudas,  kc.  When  Castor  begins  to  rise,  tho  cltih  of  Orion, 
and  after  it  the  star  Bctclgcux,  appear  ; but  by  ibis  time  Pollux 
is  fairly  above  the  horizon.  At  the  time  those  stars  begin  to 
rise  on  the  N.  E.  hy  N.  point  of  the  horizon,  Cepheus,  Cygnns, 
and  Lacerta,  are  in  the  zenith.  Scrpentnrius  declines  in  the 
W.,  leading  with  him  Taurus  Poniatowski.  Procyon  rises 
when  Cassiopeia  and  Andromeda  arc  in  the  zenith,  and  Canes 
Ycnatici  in  the  Northern  horizon.  Whcu  Castor  and  Pollux 
10. 


] come  to  the  meridian,  Cnnis  Major  appears  in  the  Southern, 
Lyra  and  Cygnus  in  the  Northern,  Virgo  in  the  Eastern  hori- 
zon, and  the  Lynx  occupies  the  zenith.  Between  the  meridian 
ami  the  E.  we  find  Cancer  and  Leo;  between  the  meridian  and 
the  W.  Taurus  and  Ari***;  and  between  the  zenith  and  the  S. 
Canis  Minor  and  tho  Unicorn. 

GEMMA,  in  Botany,  a bud,  a compendium  of  a plant  sealed 
upon  the  stem  and  branches,  nnd  rovered  with  scales,  to 
defend  the  tender  rudiments  from  cold  and  external  injuries, 
till  their  parts  being  unfolded,  they  acquire  strength,  and 
render  any  further  protection  unnecessary.  In  general,  wc 
may  distinguish  three  kinds  of  buds  ; that  containing  the  flower, 
that  containing  leaves,  ami  that  containing  both  flower  and 
leaves.  See  Botany  and  Plants. 

GEMS,  or  Precious  Stones,  arc  sometimes  found  of  regu- 
lar shapes,  and  with  a natural  polish;  and  sometimes  of  lire, 
gular  shapes,  ami  with  n rough  coat.  The  first  sort  may  he 
considered  as  of  the  pebble  kind,  and  are  said  to  be  found  near 
the  beds  of  rivers,  after  great  rains;  the  others  are  found  in 
mines,  Hnd  in  the  clefts  of  rocks.  The  gems  of  the  first  sort 
were  what  the  ancients  most  usually  engraved  upon  ; these  are 
commonly  called  intaglios ; and  they  are  mostly  of  a long  oval 
figure,  inclining  to  a point  at  eucli  end.  convex  ns  well  on  the 
engraved  fucc  as  on  the  others,  with  a ridge  running  from  end 
to  end  on  the  under  side,  which  is  hereby,  as  it  were,  divided 
into  two  faces  ; both  which  arc  also,  though  not  so  distinctly, 
parted  from  the  upper  face,  by  another  ridge  running  quite 
round  the  oval. 

The  stone  most  commonly  found  engraved  is  the  beryl.  Tho 
next  is  the  emerald  ; and  then  the  jarintb.  The  chrysolite  is 
but  rarely  found  engraved  : as  arc  also  the  crystal,  or  oriental 
pebble,  the  garnet,  nnd  the  amethyst.  Of  the  beryl  there  are 
three  species ; the  red,  inclining  to  orange  colour,  transparent 
nud  lively  ; the  yellow,  of  an  ochre  colour,  and  the  white,  com- 
monly called  the  chalcedony,  nud  the  colour  of  sheer  milk. 
These  two  last  have  less  life  than  the  first.  The  emerald  is 
green,  nearly  of  the  colour  of  stagnated  water;  sometimes 
tolerably  clear,  but  for  the  most  part  full  of  black  nnd  white 
specks.  The  jacinth  is  of  a deep  tawny  red,  like  very  old  Port 
wine,  but  lively  and  transparent.  The  chrysolite  is  of  a light 
green  grass  colour,  and  is  supposed  to  have  been  the  beryl  of 
the  ancients,  transparent,  hut  not  lively.  The  crystal  or 
oriental  pebble  is  harder  and  more  lively  than  the  common 
rock  crystal;  is  of  a silvery  hue.  and  hut  very  little  inferior  to 
the  white  sapphire.  The  garnet  is  of  the  same  colour  as  the 
jacinth,  (ml  more  inclining  to  the  purple,  nnd  not  so  lively. 
The  amethyst  is  of  a deep  purple,  transparent  and  lively. 

The  following  is  a general  table  of  what  are  usually  called 
precious  stones  The  beryl,  red,  yellow,  or  white;  emerald, 
green  ; jacinth,  of  a deep  tawny  red  ; chrysolite,  of  a light  grass- 
green;  crystal,  or  oriental  pebble,  of  a silvery  white  ; garnet, 
of  a deep  red  claret  colour ; amethyst,  purple:  diamond,  white; 
ruby,  red  or  crimson  coloured ; emerald,  of  a deep  green  ; 
aqua  marina,  of  a bluish  sea  green,  like  sea  water ; topaz,  of  a 
ripe  citron  yellow  ; sapphire,  of  n deep  sky  blue,  or  of  a silver 
white;  cornelian,  red  or  white ; opal,  white  and  changeable; 
vermilion  stone,  more  tawny  than  the  jacinth. 

All  these  stones  arc  more  or  less  transparent : the  following 
arc  all  opanue  : — The  cat's  eye,  brown  ; red  jasper,  called  also 
thick  cornelian,  of  the  colour  of  red  ochre;  jet,  black;  agates, 
of  various  sorts ; blood-stone,  green,  veined  or  spotted  with 
red  and  white;  onyx,  consisting  of  different  parallel  strata, 
mostly  white  and  black  ; sardonyx,  of  several  shades  of  brown 
nnd  white;  agate-onyx,  of  two  or  more  strata  of  while,  either 
opaque  or  transparent;  alabaster,  different  strata  of  white  and 
yellow,  like  the  agate-onyx,  but  nil  opaque;  toad’s  oye, black  ; 
turquoise,  of  a yellowish  blue  inclining  to  green;  lapis  lazuli, 
of  a fine  deep  blue. 

Of  most  of  the  species  hoforcinentioncd,  there  are  some  ot 
an  inferior  class  and  beauty.  These  arc  commonly  called  by 
jewellers  ocridcnlal  stones ; they  arc  mostly  the  produce  of 
Europe,  and  found  in  mines  or  stone  quarries ; and  arc  so 
named  in  opposition  to  those  of  a higher  class,  which  are 
always  accounted  oriental,  and  supposed  to  be  only  produced 
in  the  East.  The  onyx,  sardonyx,  agate-onyx,  alabaster  of 
two  colours  or  strata,  as  also  certain  shells  of  different  coats, 
5 E 
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were  frequently  engraved  liy  the  ancient*  in  relief;  and  these 
sorts  of  i-ngratintts  are  commonly  called  cameos.  They  also 
sometimes  ingrafted  a bead,  or  some  other  figure  in  relief,  of 
gold,  upon  a blood  stone. 

Besides  which  there  are  some  antiques,  mostly  cornelians, 
that  are  covered  with  a stratum  of  white.  This  stratum  has  by 
some  been  looked  upon  as  natural ; but  it  was  really  a sort  of 
coat  of  enamel  that  was  laid  on  The  stones  esteemed  the 
best  for  engraving  upon,  were  the  onyx  and  sardonyx;  and 
next  to  them,  the  beryl  and  the  jacinth.  The  ancients  en- 
graved most  of  their  stones,  except  the  onyx  and  the  sardonyx, 
just  as  they  were  found  ; their  natural  polish  excelling  all  that 
can  be  done  by  art ; but  the  beauty  of  the  several  species  of 
onyx  coultl  only  be  discovered  by  cutting. 

The  merit  of  intaglios  and  cameos  depends  on  their  erudition, 
a*  it  is  termed,  or  the  goodness  of  the  workmanship,  and 
the  beauty  of  their  polish.  Tho  antique  Greek  gems  aro 
most  esteemed;  and  next  to  them  the  Roman  ones,  in  tho 
times  of  the  higher  empire.  Lapidaries  employ  a considerable 
quantity  of  diamond  in  powder,  which  they  uso  with  steel 
instruments,  to  divide  pebbles  and  precious  stones.  The 
small  pieces  of  diamond  of  which  the  powder  is  made,  are 
worth  twenty-eight  shillings  a carat.  The  use  of  the  diamond 
in  this  way  is  very  extensive.  Had  nature  withheld  tho  dia- 
mond, the  pebble,  the  agate,  and  a variety  of  other  stones, 
would  have  been  of  little  value,  as  no  other  substance  is  hard 
enough  to  open  ate  upon  them.  In  this  way  rock  crystal  from 
Brazil  is  divided  into  leaves,  and  ground  and  polished  with 
diamond  dust  for  spectacles,  and  other  optical  instruments. 

Gkms,  Imitation  of  Antique,  a method  of  taking  the  impres- 
sions and  figures  of  antique  gems,  with  their  engravings,  in 
glass  of  the  colour  of  the  original  gem.  The  great  care  in  the 
operation  is,  to  take  the  impression  of  the  gem  in  a very  fine 
earth,  and  to  press  down  upon  this  a piece  of  proper  glass, 
softened  or  half  melted  at  the  fire,  so  that  the  figures  of  the 
impressiou  made  in  tho  earth  may  be  nicely  and  perfectly 
expressed  upon  the  glass.  The  yellowish  tripoli  has  been 
found  best  adapted  for  this  purpose. 

GENDARMES,  or  Gens  i>'Armks.  in  the  French  armies, 
n denomination  given  to  a select  body  of  horse,  on  account  nf 
their  succeeding  the  ancient  gendarmes,  who  were  thus  called 
from  their  being  completely  clothed  in  armour.  The  appella- 
tion is  now  bestowed  on  both  the  horse  and  foot  soldiers  in 
France,  who  are  employ ed  in.thc  police  of  the  countrr.  They  arc 
chosen  from  all  the  rest  of  the  army  on  account  of  their  good 
behaviour,  and  enjoy  superior  pay  and  advantages. 

GENDER,  among  Grammarians,  a division  of  nouns  or 
names  to  distinguish  the  two  sexes. 

GENEALOGICA  Ardor,  or  Tree  of  Consanguinity,  signifies 

genealogy  or  lineage  drawn  out  under  the  figure  of  r tree, 
with  its  root,  stock,  branches,  &c.  The  genealogical  degrees 
arc  usually  represented  in  circles  ranged  over,  under,  and 
aside  each  o her. 

GENEALOGY,  an  enumeration  of  a series  of  ancestors  ; or 
a summary  account  of  the  relations  and  alliances  of  a person 
or  family. 

GENERAL  Issue,  in  Law,  is  that  pica  which  traverses  and 
denies  at  once  the  whole  declaration  or  indictment,  without 
offering  any  special  matter,  by  which  to  evade  it:  it  is  called 
the  general  issoc,  because,  by  importing  an  absolute  and  gene- 
ral  denial  of  what  is  alleged  in  the  declaration,  it  amounts  at 
once  to  an  issue,  or  fact  affirmed  on  one  side,  and  denied  on 
the  other.  This  is  the  ordinary  pica  upon  which  most  causes 
are  tried,  and  is  now  almost  invariably  used  in  all  criminal  cases. 
It  puts  every  thing  in  issue,  that  is,  denies  every  thing,  and 
requires  the  party  to  prove  all  that  be  has  stated.  It  is  a fre- 
quent question.  what  can  he  given  in  evidence  by  the  defendant 
upon  this  pica,  and  the  difficulty  is,  to  know  when  the  matter  of 
defence  may  be  urged  upon  the  general  issue,  or  must  be  spe- 
cially pleaded  upon  the  record.  In  many  cases,  for  the  pro- 
tection of  justices,  constables,  excise  officers,  &c.  they  arc  by- 
act  of  parliament  enabled  to  plead  tho  general  issue,  and 
give  the  special  matter  for  their  justification  under  the  act  iu 
evidence. 

General  qf  an  Army , iu  the  art  of  war,  he  who  commands  in 
chief.  The  office  of  the  general  is  to  regulate  the  march  and 


encampment  of  the  army  ; in  the  day  of  battle  to  choose  out  the 
most  advantageous  ground  ; to  make  the  disposition  of  the 
army ; to  post  the  artillery  ; and  where  there  is  occasion,  to 
send  bin  orders  by  bis  aides-de-camp.  At  a siege  he  is  to  cause 
the  place  to  be  invested;  to  order  the  approaches  and  attacks; 
to  visit  the  works,  and  to  scud  out  detachments  to  secure  bis 
convoys. 

General  of  Horse,  and  General  of  Foot,  arc  posts  next  under 
the  general  of  the  army.  General  of  the  Artillery , has  the 
charge  of  the  ordnance.  Genera/,  is  also  used  for  a particular 
march  or  heat  of  drum,  being  the  lint  which  gives  notice  for 
the  infantry  to  be  in  readiness  to  march.  General,  is  also  used 
for  the  chief  of  nil  order  of  monks. 

General  Terms,  umoug  Logicians,  arc  those  made  the  signs 
of  general  ideas. 

GEN  ER  ANT,  or  Genitum,  that  which  is  generated,  or  sup- 
posed to  be  generated,  by  the  motion  of  any  point,  line,  or 
figure.  The  gcucianl  is  always  one  dimension  higher  than  the 
generating  quantity  ; thus  a line  is  generated  by  the  motion  of 
a point,  a surface  by  a line,  and  a solid  by  a surface.  It  is 
generally  n theorem  in  geometry,  that  the  measure  of  any  gene- 
rant  is  always  equal  to  the  product  of  the  generating  quantity, 
drawn  into  the  path  of  the  centre  of  gravity  of  the  latter, 
whether  its  motion  be  rectilineal  or  rotatory.  So  also, 

GENERATED,  is  used  by  mathematicians  to  denote  what- 
ever is  formed  by  the  motion  of  a point,  line,  or  surface  ; thus 
a lino  is  said  to  be  generated  by  the  motion  of  a point,  a sur- 
face by  the  motion  of  a line,  and  a solid  by  the  motion  of  a 
surface.  The  same  term  is  also  sometimes  used  in  a similar 
sense  in  arithmetic  and  algebra ; thus  120  is  said  to  be  gene- 
rated by  the  two  fact  rs  4 and  6,  or  2 and  10 ; a b of  the  factors, 
a and  h,  8cc. 

GENERATING  Line  or  Figure,  in  Geometry,  is  that  line 
or  figure,  by  the  motion  of  which  another  figure  or  solid  is  sup- 
posed to  be  described  or  generated.  In  the  fluxional  analysis 
all  kinds  of  quantities  are  supposed  to  be  generated  by  the 
motion  of  other  quantities,  and  the  quantities  thus  generated 
arc  firmed  fluents. 

GENERATION,  in  Mathematics,  denotes  the  formation  or 
description  of  any  geometrical  figure  or  magnitude  by  the 
motion  of  another  quantity  or  magnitude,  of  a dimension  one 
degree  less. 

GENER1CAL  Name,  in  Natural  History,  the  word  used  to 
signify  all  species  of  natural  bodies,  which  agTce  in  certain 
esseutial  and  peculiar  characters,  and  arc  therefore  all  of  the 
same  family  or  kind,  so  that  the  word  used  as  the  generical 
name,  equally  expresses  every  one  of  them,  and  some  other 
words  expressive  of  the  peculiar  qualities  of  figures  of  each  arc 
added,  in  order  to  denote  them  singly,  and  make  up  what  is 
called  the  specific  name.  Thus  the  word  rota  or  rose,  is  the 
generical  name  of  the  whole  scries  of  (lowers  of  that  kind,  which 
arc  distinguished  by  the  specific  names  of  the  red-rose,  the 
white-rose,  the  apple-rose,  8cc. 

GENESIS,  in  Mathematics,  is  nearly  the  same  as  gene- 
ration, being  the  formation  of  a line,  surface,  or  solid,  by  the 
flowing  of  <i  point,  line,  or  surface.  Here  the  moving  line  or 
figure  is  called  the  describent,  and  the  line  in  which  the  motion 
is  made  the  dirigent. 

GENEVA,  Gin,  a hot  fiery  spirit,  too  much  used  by  the 
lower  classes  of  people  in  this  country,  as  a dram,  and  most 
injurious  to  their  constitution  and  morals.  A liquid  of  this 
kind  was  formerly  sold  in  the  apothecaries'  shops,  drawn  from 
the  juniper-berry,  but  the  liquor  now  sold  under  the  name  of 
geneva  or  gin.  is  composed  of  oil  of  turpentine  mid  malt 
spirits.  The  Holland’s  geneva  is  manufactured  chiefly  at 
Schiedam,  near  Rotterdam,  from  wheat  and  juniper-berries. 

GENIUS,  in  matters  of  Literature,  &c.  a natural  talent  or 
disposition  to  do  one  thing  more  than  another ; or  the  aptitude 
a man  has  received  from  nature  to  perform  well  and  easily  that 
which  others  can  do  but  indifferently,  and  with  a great  deal 
of  pains. 

GENTIANA,  in  Botany,  a genus  of  the  pentandrin  digrnia 
class  and  order.  Natural  order  of  rotaceie.  Gentiaiue  Jussiru. 
There  arc  fifty-three  species.  The  most  remarkable  is  the 
lutca  or  common  gentian,  the  root  of  which  is  an  excellent 
stomachic  bitter. 
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GENUS,  among  Metaphysicians  and  Logicians,  denotes  a 
number  of  beings  which  agree  in  certain  general  properties  com- 
mon to  them  all. 

Genus,  in  Natural  History,  a subdivision  of  any  class  or 
order  of  natural  beings,  whether  of  the  animal,  vegetable,  or 
mineral  kingdoms,  all  agreeing  in  certain  common  characters. 

GEOCENTRIC  latitude  of  a Planet,  is  its  distance  from 
the  ecliptic  as  it  is  seen  from  tho  earth. 

Geocentric  Place  of  a Planet,  the  place  wherein  it  appears 
to  ns  from  the  earth,  supposing  the  eye  there  fixed. 

GEOGRAPHY,  is  the  science  which  describes  the  surface 
of  the  earth ; its  various  kingdoms,  states,  and  empires;  the 
rivers  by  which  they  are  intersected,  their  mountains,  woods, 
Slc.  The  several  kingdoms  and  slates  of  the  world  we  hove 
already  described  under  the  respective  words,  Africa,  Ame- 
rica, Asia,  and  Europe.  We  will,  therefore,  in  this  article,  treat 
very  briefly  of  the  natural  divisions  of  the  cartb,  and  what  is 
properly  termed  physical  geography. 

Geography  assigns  to  the  earth  tho  following  grand  divisions  : 
— Europe,  Asia,  Africa,  America.  Australasia,  or  New  Holland. 

Of  the  grand  divisions  of  the  earth,  Asia  has  ever  been 
esteemed  the  most  populous;  and  is  supposed  to  contain  lire 
hundred  millions  of  souls,  if  China,  as  has  been  averred  by 
tho  latest  writers,  comprises  three  hundred  and  thirty  millions. 
The  population  of  Africa  may  be  estimated  at  thirty  millions, 
of  America  at  twenty  millions,  and  one  hundred  and  tifty  mil- 
lions may  perhaps  be  assigned  to  Europe. 

Modern  discoveries  have  evinced  that  more  than  two  thirds 
of  the  globe  is  covered  with  water,  which  is  contained  in  hollow 
spaces,  or  concavities,  more  or  less  large.  But  the  chief  con- 
vexities or  protuberances  of  the  globe  consist  of  elevated 
uplands,  sometimes  crowned  by  mountains,  sometimes  rather 
level,  as  the  extensive  protuberance  of  Asia.  In  either  case, 
long  chains  of  mountains  commonly  proceed  from  those  chief 
convexities  in  various  directions,  and  the  principal  rivers 
usually  spring  from  the  most  elevated  grounds. 

The  grandest  concavity  of  this  globe  is  filled  by  the  Pacific 
Ocean,  occupying  nearly  half  its  surface,  from  the  eastern 
shores  of  New  Holland  to  the  western  coast  of  America,  and 
diversified  with  several  groups  of  islands,  which  seem  in  a 
manner  the  summits  of  vast  mountains  emerging  from  the 
waves.  This  ocean  receives  but  few  rivers,  the  chief  being 
the  Amur  from  Tartary,  the  Hoan  Ho  and  Rian  Ku  from  China, 
while  the  principal  rivers  of  America  run  towards  the  cast. 

Next  to  this  in  magnitude  is  the  Atlantic,  between  the  Old 
and  New  Continents;  and  the  third  is  tho  Indian  Ocean.  The 
seas  between  Itic  arctic  and  the  antarctic  circles  and  the  poles, 
have  been  sometimes  staled  the  Arctic  and  Antarctic  Oceans; 
hut  the  latter  is  only  a continuation  of  the  Pacific.  Atlantic,  and 
Indian  Oceans  ; while  the  Arctic  Sea  is  partly  embraced  by 
continents,  and  receives  many  important  rivers.  Besides 
these,  there  arc  other  seas  more  minute,  as  the  Mediterranean, 
the  Baltic,  and  others  still  smaller,  till  wc  come  by  due  gradn- 
tion  to  inland  lakes  of  fresh  water. 

The  courses  of  rivers  arc  sometimes  marked  by  oblong  con- 
cavities, which  generally  at  first  intersect  the  higher  grounds, 
till  the  declivity  becomes  more  gentle  on  their  approach  to 
their  inferior  receptacles.  But  even  large  rivers  aie  found 
sometimes  to  spring  from  lowland  marshes,  and  wind  through 
vast  plains,  unaccompanied  by  any  concavity,  except  that  of 
their  immediate  course;  while  on  the  other  hand,  extensive 
vales,  and  low  hollow  spaces,  frequently  occur  destitute  of  any 
stream.  Rivers  will  also  sometimes  force  a passage  where 
nature  has  erected  mountains  and  rocks  against  it,  and  where 
the  concavity  would  appear  to  be  in  another  direction,  which 
the  river  might  have  gained  with  more  case.  In  like  manner, 
though  the  chief  mountains  of  Europe  extend  in  n south- 
easterly and  north-westerly  direction,  yet  there  are  so  many 
exceptions,  and  such  numerous  and  important  variations  in 
other  parts  of  the  globe,  as  to  render  any  attempt  at  a general 
theory  vain. 

From  the  vast  expanse  of  oceanic  waters,  arises  in  the 
ancient  hemisphere  that  wide  continent,  which  contains  Asia, 
Europe,  and  Africa;  and  in  the  modern  hemisphere  the  conti- 
nent of  America,  which  forms  a kind  of  separnto  island, 
divided  by  a strait  of  the  sea  from  the  ancient  continent.  In 


the  latter,  many  discoveries  of  great  importance  to  geography 
are  of  a very  recent  date,  and  it  is  not  above  eighty  years  since 
we  obtained  an  imperfect  idea  of  the  extent  of  Siberia  and  the 
Russian  empire,  nor  above  thirty-five  since  ample,  real,  and 
accurate  knowledge  of  these  wide  regions  began  lu  be  diffused 
So  that,  in  truth,  America  may  be  said  to  have  been  discovered 
by  Europeans  before  many  parts  of  Asia  ; and  of  Africa  our 
knowledge  continues  imperfect,  while  the  latest  observations, 
instead  of  diminishing,  rather  increase  our  idea  of  its  extent, 
at  least  in  regard  to  its  insular  appendages. 

But  the  grandest  division  of  the  ancient  continent  is  Asia, 
the  parent  of  nations,  and  of  civilization:  on  the  north-cast 
and  south,  surrounded  by  the  ocean ; but  on  the  west,  divided 
by  an  ideal  line  from  Africa;  and  from  Europe  by  boundaries 
not  very  strongly  impressed  by  the  hand  of  nature.  The  Rus- 
sian and  Turkish  empires,  extending  over  large  portions  of 
both  continents,  intimately  connect  Asia  with  Europe.  But 
for  the  sake  of  clearness  and  precision,  geographers  retain  the 
strict  division  of  the  ancient  continent  into  three  parts,  which, 
if  not  strictly  natural,  is  ethical,  as  the  manners  of  the  Asiatic 
subjects  of  Russia,  and  even  of  Turkey,  differ  considerably 
from  those  of  the  European  inhabitants  of  those  empires. 

Physical  Geography.— Tho  prevailing  theories  of  the  present 
day  are  the  inventions  of  Professor  Werner,  of  Frey  burgh,  ami 
Dr.  James  Hutton,  of  Edinburgh  ; each  of  these  has  been 
ably  supported  and  elucidnted  by  the  proofs,  illustrations,  and 
comparative  views  of  acute  and  eloquent  controversialists,  and 
two  sects  have  been  formed,  under  the  appellation  of  Werne- 
rian* and  Huttonians.  The  first  principle  which  the  Werne- 
rian theory  assumes  is,  thnt  our  globe  was  once  covered  with  a 
sort  of  chaotic  compost,  holding,  either  in  solution  or  suspen- 
sion, the  various  rocks  and  strata  which  now  present  them- 
selves to  us  ns  its  exterior  crust.  From  some  unexplained 
cause,  this  fluid  began  first  to  doposit  those  bodies  which  it  held 
in  chemical  solution,  and  thus  a variety  of  crystallized  rocks 
were  formed.  In  these  we  find  no  vegetable  or  animal  remains, 
nor  even  any  rounded  pebbles;  but  in  the  strata,  which  lie 
upon  the  crystalline  or  first  deposits,  shells  and  fragments 
occasionally  occur ; these,  therefore,  have  been  termed  transi- 
tion ttrata ; and  it  is  imagined,  that  the  peopling  of  the  world 
commenced  about  this  period.  The  waters  upon  the  earth 
began  now  more  rapidly  to  subside,  and  finely  divided  parti- 
cles, chiefly  resulting  from  disintegration  of  the  first  formations, 
were  its  chief  contents; — these  were  deposited  upon  the 
transition  rocks,  chiefly  in  horizontal  layers.  They  abound  in 
organic  remains,  and  are  termed  by  Werner,  Fleet z,  or  secon- 
dary rocks. 

It  is  now  conceived,  that  the  exposure  of  the  primitive  transi- 
tion and  secondary  rocks  to  the  agencies  of  the  wind  and  wea- 
ther. and  to  the  turbulent  state  of  the  remaining  ocean, 
produced  inequalities  of  surface,  and  that  the  water  retreated 
into  low  lands  and  valleys,  where  a further  deposition  took 
place,  constituting  clay,  gravel,  and  other  alluvial  formations. 

There  are  also  certain  substances  which,  instead  of  being 
found  in  regularly  alternating  layers  over  the  raith,  are  met 
with  in  patches ; as  rock-salt,  coal,  basalt,  and  some  other 
bodies  which  Werner  hath  called  subordinate  formations. 
Lastly,  subterraneous  fires  have  sometimes  given  birth  to  pecu- 
liar and  very  limited  products : and  these  are  called  volcanic 
rocks.  Such  is  Werner’s  account  of  the  production  of  rocks, 
w hich  he  ai  ranges  under  the  terms  primary  transition,  secondary, 
alluvial , subordinate , and  volcanic  formations. 

Hutton,  looking  upon  the  face  of  nature,  gives  a very  diffe- 
rent account  of  the  present  order  of  tilings,  and  observes  every 
thing  in  a state  of  decay  ; but  as  she  has  obviously  provided 
for  the  regeneration  of  animal  and  vegetable  tribes,  the  philo- 
sopher descries  in  this  apparent  destruction  of  the  surface  of 
the  earth,  the  real  source  of  its  renovation.  The  stupendous 
mountains  exposed  to  the  action  of  the  varying  temperature  of 
the  atmosphere,  and  the  waters  of  the  clouds,  are,  by  slow 
degrees,  suffering  constant  diminution ; their  fragments  are 
dislodged,  masses  arc  rolled  into  the  valley,  or  carried  by  the 
rushing  torrent  into  rivers  ; whence  they  are  transported  to  the 
sea.  The  lower  and  softer  rocks  are  undergoing  similar,  but 
more  rapid  destruction.  The  result  of  all  this  must  be,  tbe 
accumulation  of  new  matter  in  the  ocean,  which  will  bo 
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deposited  lit  horizontal  layers.  Hutton  perceives  the  transi- 
tion rocks  of  Werner,  though  not  strictly  crystalline,  made  up 
apparently  of  finely  divided  matter,  more  or  less  indurated; 
sometimes  very  hard  in  tcxtuic,  and  of  a vitreous  fracture ; 
that  this  hardenin';  is  most  perct  plibie  when  in  contaot  with 
the  primitive  or  inferior  rock,  which  often  pervades  the  transi- 
tion rocks  in  veins,  or  appears  to  have  btoken  up  or  luxated 
the  superincumbent  masses.  The  transition  or  secondary 
rocks  of  Werner  were,  according  to  Hutton,  deposited  at  the 
bottom  of  the  ocean,  in  consequence  of  operations  similar  to 
those  which  are  now  active,  and  the  primary  rocks  were  formed 
beneath  them  by  the  operation  of  subterraneous  tires ; their 
crystalline  texture,  their  hardness,  their  shape  and  fracture, 
and  the  alterations  they  have  produced  upon  their  neighbours, 
arc  the  proofs  of  the  correctness  of  these  views.  It  is  by  the 
action  of  fire  then,  that  rocks  have  been  elevated.  that  strata 
have  been  hardened,  and  that  those  changes  have  resulted, 
which  an  examination  of  the  earth’s  surface  unfolds.  The 
production  of  soils,  and  of  alluvial  lauds,  is  considered  as 
dependent  upon  causes  the  same  as  those  referred  to  in  the 
other  theory.  Hutton  refers  to  tire  as  well  as  water,  for  the 
production  of  our  present  rocks ; the  former  consolidating, 
hardening,  and  elevating  ; the  latter,  collecting  and  depositing 
the  strata. 

GEOLOGY,  is  the  doctrine  of  the  earth  in  its  insentient,  or 
unorganized  frame,  or  of  those  masses  of  rock,  mountains, 
strata,  minerals,  ike.  which  compose  the  earth.  The  scicnco  of 
geology,  independently  of  the  healthy  employment  it  affords,  is 
of  great  importance  in  a practical  point  of  view.  It  very 
nearly  concerns  the  miner,  engineer,  and  drainer,  and  even  the 
farmer  and  architect ; and  discloses  a variety  of  indications 
highly  useful  in  their  respective  pursuits:  to  the  miner,  the 
rocks  containing  metallic  veins  and  coals;  to  the  engineer, 
the  association  of  hard  rocks  with  soft;  to  the  druiuer,  the 
intersection  of  a country  hy  hard  dykes,  or  veins  impermeable 
to  water;  to  the  farmer,  the  best  places  for  finding  lime-stone, 
marl,  and  clay  ; and  to  the  architect,  the  most  durable  stones 
for  building. 

The  stony  masses  of  which  the  earth  is  composed,  are  nume- 
rous, and  arc  found  laid  one  above  another,  so  that  a rock  of  one 
kind  of  stone  is  covered  hy  another  species  of  rock,  and  this 
by  a third,  and  so  on.  In  this  superposition  of  rocks,  it  has 
been  observed,  that  their  situation  is  by  no  means  arbitrary  ; 
each  occupies  a determinate  place,  so  that  they  follow  one 
another  in  regular  order  from  the  deepest  part  of  the  earth’s 
crust,  which' has  hern  examined,  to  the  very  surface.  Thus 
there  are  two  things  respecting  rocks  which  claim  our  attention  ; 
namely,  their  composition,  and  their  relative  situation.  But 
besides  the  rocks  which  constitute  almost  the  whole  of  the 
earth's  crust,  there  are  masses  to  be  considered  traversing  the 
rocks  in  a different  direction,  and  known  hy  the  name  of  veins, 
as  if  the  rocks  had  split  asunder  in  different  places  from  top  to 
bottom,  and  the  chasm  had  been  afterwards  tilled  up  with  the 
matter  which  constitutes  the  vein.  It  appears,  therefore,  that 
the  subject  naturally  divides  itself  iuto  three  parts ; 1.  The 
structure  of  rocks  ; 2.  The  situation  ; and  3.  Veins. 

Of  the  Structure  of  Ritcks. — Hocks  may  be  divided  into  two 
classes:  first,  those  composed  of  one  mineral  substance,  and 
which  are  in  reality  simple  rocks;  secondly,  we  observe  rocks 
that  are  compound,  or  composed  of  mitre  than  one  mineral  suit- 
stance.  Cemented  ; composed  of  grains  agglutinated  by  a 
cement,  as  sand-stone.  Others  that  arc  aggregated ; composed 
of  parts  connected  together  without  a cement,  as  granite. 

The  aggregated  rocks  are  likewise  of  two  kinds;  namely, 

I.  Indeterminate.  Only  one  instance  of  this  kind  of  aggregation 
has  hitherto  occurred,  namely,  in  the  older  terpentine,  where 
limestone  and  serpentine  arc  so  conjoined  that  it  is  difficult 
to  say  which  predominates.  II.  Determinate,  which  arc  either 
1.  Single  aggregated  ; or  2.  Double  aggregated. 

There  are  four  kinds  of  single  aggregated  rocks;  namely.  1, 
Granular;  composed  of  grains  whose  length,  breadth,  and 
thickness  arc  nearly  alike,  and  which  arc  of  contemporaneous 
formation  ; as  granite  simile.  1.  Slaty  ; composed  of  plates 
laid  above  each  other;  as  mica  slate.  3.  Porphyritic ; com- 
posed of  a compact  ground,  containing  in  it  crystals,  which 
appear  to  have  been  deposited  at  the  time  the  rock  was  formed; 


as  common  porphyry.  4.  Amygdaloidal ; composed  of  a com- 
pact ground,  containing  in  it  vesicles  which  appear  to  have 
been  after  winds  filled  up;  n*  amygdaloid. 

There  are  five  kinds  of  doable  aggregated  rocks  ; namely,  1, 
Granular  slaty;  composed  of  slaty  masses  laid  on  each  other. 
Every  individual  slate  is  composed  of  grains  cohering  together ; 
or  it  is  slaty  in  the  great,  and  granular  in  the  small ; ns  gneiss. 

2.  Slaty  granular  ; composed  of  large  granular  masses  cohering 
together;  each  grain  is  composed  of  plates;  or  the  rock  is 
granular  in  the  great,  and  slaty  in  the  small ; as  topaz  rock. 

3.  Granular  porphyritic;  granular  in  the  small,  and  porphyritic 
in  the  great ; ns  granite , greenstone  frequently.  4.  Slaty  por- 
phyritic. slaty  in  the  small,  porphyritic  in  the  great,  as  mica 
slate,  't.  Porphyritic  and  amygdaloidal,  at  the  sometime;  as 
amygdaloid  and  basalt  frequently. 

Of  the  relative  Summon  if  Rocks. — The  rocky  masses,  amount- 
ing to  al>out  sixty,  are  variously  placed  over  each  other,  and 
occupy  determinate  situations,  limestone  above  granite,  &c. 
The  rocks  which  constitute  the  nucleus  and  even  crust  of  the 
earth,  arc  thus  every  where  the  same,  in  the  same  situations  with 
respect  to  each  other,  and  they  may  nil  he  divided  into  five 
el  asses  : 1.  The  nucleus  mass,  nearest  the  centre,  or  the  basis 
of  other  formations.  2.  Those  which  cover  the  first;  the  third 
covering  the  second,  and  so  on.  Therefore  the  first  class, 
though  covered  by  all  the  rest,  never  lie  over  any  other  class. 
These  grand  classes  of  rocks  he  has  denominated  formations. 
and  distinguished  them  by  the  following  specific  names.  I. 
Primitive  formations.  2.  Transition  formations.  3.  Fioetz, 
or  horizontal  formations.  4.  Alluvial  formations.  5.  Volcanic 
formations. 

The  primitive  formations  are  the  lowest  of  all,  and  the  allu- 
vial constitute  the  surface  of  the  earth  ; for  the  volcanic  are 
confined  to  particular  points.  Not  that  the  primitive  are 
always  at  a great  depth,  for  very  often  they  are  at  the  surface, 
or  even  constitute  mountains.  In  such  cases,  the  other  for- 
mations are  wanting  altogether.  In  like  manner,  the  transi- 
tion, and  other  classes,  may  each  in  its  turn  occupy  the  surface 
or  constitute  the  mass  of  a mountain.  In  such  cases,  all  the 
subsequent  formations  are  wanting  in  that  particular  spot. 
Each  of  these  grand  classes  of  formations  consist  of  a great  or 
small  nninber  of  rocks,  which  occupy  a determinate  position 
with  respect  to  each  other,  and  which,  like  the  great  formations 
themselves  , may  often  be  wanting  in  particular  places. 

Class  I.  Primitive  formations.  The  rocks  which  constitute 
the  primitive  formations  arc  numerous,  and  have  been  divided 
into  seven  sets,  which  constitute  as  many  primitive  formations. 
They  arc  distinguished  each  by  the  name  of  that  particular 
rock  which  constitutes  the  greatest  proportion  of  the  formation. 
And  these  seven  sets  of  primitive  formations  are  the  following: 

2!  <JncUjE’  5 s Newest  primitive  porphyry, 

3.  Mic,  slate,  ( “•  Si'ni,e' 

4.  Clay  slate,  7.  Newer  serpentine. 

The  granite  is  the  undermost,  the  sienite  the  uppermost,  of  the 
primitive  formations.  Granite  is  scarcely  mixed  with  any  other 
rock ; but  in  gneiss,  mica-slate,  and  clav-slatc,  there  occur  beds* 
of  old  porphyry,  primitive  trap,  primitive  limestone,  old  serpen- 
tine, quartz  rock,  which  constitute  formations  subordinate  to 
gneiss,  mica-slate,  and  clay-slate.  Gypsum  is  met  with  in  beds 
of  mica-slate,  and  old  flint  in  clay-slate.  These,  therefore,  are 
formations  subordinate  to  mica  and  clay-slatc.  Thus,  besides 
seven  principal,  there  are  seven  subordinate  formations,  inter- 
spersed among  the  sccorfd,  third,  nod  fourth  formations,  to 
which  wc  may  add  topaz  rock,  lying  over  gneiss  and  under  clay- 
slate,  so  that  the  primitive  formations  amount  in  all  to  15. 
Granite  is  the  oldest,  and  alluvial  the  newest  formations. 

Class  2.  Transition  Formations , lying  immediately  over  the 
primitive  formations,  consist  only  of  4 sets.  1.  Gray-wackc; 
2.  transition  lime-stone;  3.  transition  trap;  4.  transition  flint- 
slate  ; all  which  alternate  with  each  other,  except  the  lime- 
stone. which  seems  to  rest  upon  the  primitive  formations. 

It  is  in  the  transition  rocks  that  petrifactions  first  make 


• A mountain  composed  of  lb«  aaioe  layer*  of  atone  is  said  lo  be  strati- 
fied ; bat  it  i»  composed  of  Udt,  when  the  layers  are  of  different  kinda  of 
alone. 
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their  appearance  ; and  they  always  consist  of  species  of  corals 
and  zoophytes,  which  do  not  at  present  exist,  and  which 
therefore  we  may  suppose  extinct.  The  vegetable  petrifac- 
tions are  likewise  the  lowest  in  that  kingdom,  such  as  femes, 
&c.  This  remarkable  circumstance  has  induced  Werner  to 
conclude,  that  the  transition  rocks  were  formed  after  the 
earth  contained  organic  beings.  Hence  the  name  transition 
which  he  has  imposed,  as  if  they  had  been  formed  when  the 
earth  was  passing  from  an  uninhabited  to  an  inhabited  state. 
The  date  of  their  formation  is  conceived  to  be  very  remote, 
since  the  petrifactions  which  they  contain  arc  the  remains  of 
animal  and  vegetable  species  now  extinct.  It  is  in  the  transi- 
tion rocks,  too,  that  carbonaceous  matter  makes  its  first  appear- 
ance in  any  assignable  quantity. 

Class  3.  Floetz  Formations.  The  next  grand  class  of 
formations  has  received  the  name  of  fioetz,  because  they  tie 
usuaHy  in  beds  much  more  nearly  horizontal  than  the  preced- 
ing. When  not  covered  by  a succeeding  formation,  they  form 
hills  which  do  not  rise  to  the  same  height  as  the  primitive  or 
transition.  They  contain  petrifactions  more  various  in  their 
nature  than  those  which  occur  in  the  transition  formations,  and 
consist  of  shells,  fish,  plants,  &c.  indicating,  that  they  were 
formed  at  a period  wbeu  organized  beings  abounded. 

The  floetz  formations  lie  immediately  over  the  transition. 
They  comprehend  a great  number  of  individual  formations, 
each  of  which  affects  a particular  situation.  The  following 
tabic  exhibits  a view  of  these  different  formations  in  the  order 
of  their  position,  as  far  as  is  known. 

1.  Old  red  sand-stone,  ! G.  Second  floetz  or  shell  lime- 

2.  First  floetz  lime-stone,  stone, 

3.  First  floetz  gypsum  with  7.  Third  sand-stone  or  frec- 

rock-salt,  stone, 

4.  Variegated  sand-stone,  | 8.  Chalk, 

6.  Second  floetz  gypsum,  | 9.  Independent  coal, 
i 10.  Floetz  trap. 

The  floetz  trap  formation  lies  over  the  rest,  pretty  mnch  as 
the  newer  porphyry  and  sienite  do  over  the  older  primitive 
formations. 

Class  4.  Alluvial  Formations.  The  alluvial  formations  con- 
stitute the  great  mass  of  what  is  actually  the  earth's  surface. 
They  have  been  formed  by  the  gradual  action  of  rain  and 
river  water  upon  the  other  formations,  and  may  be  considered 
as  very  recent  formations,  or  rather  as  deposites,  the  formation 
of  which  is  still  constantly  going  on.  They  may  be  divided 
into  two  kinds,  those  deposited  in  the  valleys  of  mountainous 
districts,  or  upon  the  elevated  plains  which  often  occur  in 
mountains  ; and  those  deposited  upon  flat  land.  The  first  kind 
consist  of  sand,  crave],  l&c.  which  constituted  the  more  solid 
parts  of  the  neighbouring  mountains,  and  which  remained  when 
the  less  solid  parts  were  washed  away.  They  sometimes  con- 
tain ores,  (particularly  gold  and  tin,)  which  existed  in  the  neigh- 
bouring mountains.  Sometimes  the  alluvial  soil  is  washed,  in 
order  to  separate  these  ores.  On  mountain-plains  beds  of  loam 
are  found.  The  second  kind  of  alluvial  deposite,  or  that  which 
occupies  the  flat  land,  consists  of  loam,  clay,  sand,  turf,  and 
calctnff.*  Here  also  occur  earth  and  brown  coal,  (in  this 
mineral  amber  is  found,)  wood  coal,  bituminous  wood  and  bog 
iron-ore.  The  sand  contains  some  metals,  amoDg  others  gold. 
The  calctnfT  is  a chemical  deposite,  and  extends  widely.  It 
contains,  plants,  roots,  moss,  hones,  &c.  which  it  has  enerustod. 
The  clay  and  sand  often  contain  petrified  wood,  and  likewise 
skeletons  of  quadrupodi. 

Class  5.  Volcanic  Formations.  The  volcanic  formations  arc 
of  two  kinds ; namely,  pseudo-volcanic  and  the  true  volcanic. 
The  pscudo-volcanic  consists  of  minerals  altered  in  conse- 
quence of  the  burning  of  beds  of  coal  situated  in  their  neigh- 
bourhood. Porcelain  jasper,  earth  slag,  burnt  clay,  columnar 
clay-iron-stone,  and  perhaps  also  polishing  slate,  are  the  mine- 
rals which  have  been  thus  altered.  The  real  volcanic  minerals 
are  those  which  have  been  throw  n out  of  the  crater  of  a volcano. 
They  are  of  three  kinds.  1.  Those  substances  which  having 
been  thrown  out  from  time  to  time,  have  formed  the  ciater  of 
the  mountain.  2.  Those  which  havo  been  thrown  out  of  the 


crater  in  a stream,  and  rolled  down  the  mountain  ; they  consti- 
tute lavas.  3.  The  water  which  is  occasionally  thrown  out  of 
volcanoes,  containing  ashes  and  other  light  substances,  gra- 
dually evaporating,  leaves  the  earthy  matter  behind  it:  this 
substance  constitutes  volcanic  tuff. 

Until  lately,  the  cause  of  volcanic  fire  was  referred  to  sul- 
hur,  coal,  and  other  inflammable  matter,  supposed  to  be 
urning  in  immense  masses  in  the  bowels  of  the  earth  ; but  the 
products  of  volcanic  irruptions  by  no  means  agree  with  such 
an  explanation.  Earthy,  alkaline,  and  metallic  bodies,  form 
the  lava,  and  as  the  products  of  combustion  always  have  a 
reference  to  the  combustible,  such  matters  were  not  likely  to  be 
produced  from  sulphur  and  coal. 

Wc  have  only  to  suppose  the  access  of  water  to  large  masses 
of  different  metals,  and  that  it  is  decomposed  by  a galvanic 
action,  as  exemplified  in  experiments  where  copper  and  zinc 
are  used  in  voltaic  batteries.  By  these  means,  immense 
volumes  of  hydrogen  gas  arc  let  free  as  the  metals  are  oxi- 
dized. The  violence  of  the  action  sets  fire  to  the  hydrogen,  and 
the  accumulated  heat  is  so  intense  as  to  cause  the  fusion  of 
every  surrounding  substance.  By  this  theory,  we  arc  in  pos- 
session of  all  the  knowledge  that  is  wanted  to  produce  the 
tremendous  effects  of  earthquakes  and  volcanoes  : — for  what 
power  can  resist  the  expansive  force  of  steam?  What  power 
can  resist  the  sudden  evolution  of  gaseous  fluid,  accompanied 
by  torrents  of  the  earth  in  a state  of  fusion,  which  such  a con- 
currence of  circumstances  must  give  rise  to,  and  which  aro  the 
actual  concomitants  of  volcanic  irruptions? 

Of  Veins. — Veins  are  mineral  repositories  which  cut  through 
the  strata  of  which  a mountain  is  composed,  and  which  are 
filled  with  substances  different  front  the  rocks  through  which 
they  pass.  If  wc  suppose,  that  the  mountains  in  which  veins 
occur  were  split  by  some  means  or  other,  and  that  the  rifts 
thus  formed  were  filled  up  by  the  matter  which  constitutes 
veins,  wc  shall  have  a clear  notion  of  these  mineral  repositories, 
and  which  are  distinguished  from  beds  by  their  direction,  it 
being  either  perpendicular  to  the  stratifications,  or  at  least  in 
an  atiglo  with  It.  Sometimes  the  strata  through  which  veins 
pass  arc  merely  separated  from  each  other;  so  that  if  we  cut 
through  the  vein,  wc  find  the  same  strata  of  the  rock  on  both 
sides  of  it;  but  sometimes  also  the  corresponding  strata  on 
one  side  are  lower  than  on  the  other,  as  if  the  portion  of  tho 
rock  on  one  side  of  the  vein  had  sunk  a little,  while  the  portiou 
on  the  other  side  kept  its  original  position.  In  such  cases  the 
side  of  the  rock  against  w hich  the  vein  leans,  or  the  floor  of  tho 
vein,  has  always  its  strata  highest  up  ; whilst  the  strata  of  the 
portion  of  rock  which  leans  over  the  veins,  or  the  roof  of  the 
vein,  are  always  lowest.  So  that  this  is  the  portion  which 
appears  to  have  sunk.  Such  a change  of  position  in  the  strata 
is  known  in  this  country  by  the  name  of  a shift. 

In  considering  veins,  there  arc  two  circumstances  which 
claim  oar  attention:  namely,  1st.  The  shape  of  veins;  and, 
2dly.  The  substances  with  which  they  are  filled. 

1.  All  those  mineralogists  who  have  had  the  best  opportunity 
of  examining  the  shape  of  veins  with  correctness,  represent 
them  as  widest  above,  and  diminishing  in  size  as  they  deepen, 
till  at  last  they  terminate  in  a point,  as  if  they  had  been  origi- 
nally fissures.  Sometimes,  indeed,  veins  widen  in  different 
parts  of  their  course,  and  afterwards  contract  again  to  their 
former  size ; but  more  commonly  they  continue  diminishing  to 
their  extremity. 

2.  Sometimes  these  veins  aro  cither  partially  or  entirely 
empty.  In  that  case  they  arc  denominated  fissures  ; but  most 
commonly  they  arc  filled  with  a matter  more  or  less  different 
from  the  rock  through  which  they  pass.  Sometimes  the  vein 
is  filled  up  with  one  species  of  mineral.  Thus  wc  have  veins  of 
calcareous  spar,  of  quartz, &c.;  but  when  a vein  is  of  any  size, 
we  usually  meet  with  a variety  of  substances:  these  aro  dis- 
posed in  regular  layers  always  parallel  to  the  sides  of  the  vein, 
and  they  follow  in  their  position  a very  regular  order.  One 
species  of  mineral  constitutes  the  centre  of  the  vein;  on  each 
side  of  this  central  bed  the  same  layers  occur  in  the  same 
order  from  the  centre  to  the  side  of  the  vein.  To  give  an 

1 example;  the  vein  Gregorius,  at  Frey  berg,  is  composed  of 
! nine  layers  or  beds.  The  middle  of  the  vein  consists  of  a 
, layer  of  calcareous  spar;  on  each  side  of  this  is  a layer  con- 
5 F 


40, 


Slftlactie  or  calcuvoat  tnf«. 


886 


O £ O 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


G BO 


listing  of  various  ores  of  silver  mixed  together;  on  each  side 
of  this  a layer  of  brown  spar ; on  each  side  of  this  a layer  of 
galena  ; on  each  side  of  this  again,  and  contiguous  to  the  side 
of  the  vein,  is  n layer  of  quartz. 

The  following  diagram  will  give  the  reader  some  notion  of 
the  relative  position  of  these  layers 
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Sometimes  the  number  of  layers  of  which  a vein  is  compo  sed 
greatly  exceeds  this.  Werner  describes  one  in  the  district  of 
Frey  berg,  in  which  the  middle  layer  is  calcareous  spar,  having 
on  each  side  of  it  no  less  than  thirteen  layers  arranged  in  the 
▼cry  same  order. 

Almost  all  tho  mineral  substances  which  occur  in  the  mass 
of  rooks  have  been  found  in  veins.  We  sometimes  find  them 
filled  with  dilTetent  well-known  stony  bodies,  as,  granite, 
porphyry,  limestone,  basalt,  vackr,  green-stone,  &c. ; veins 
of  quartz,  clay,  felspar,  &e.  are  equally  common. 

Pit-coal  and  common  salt,  and  almost  all  the  metals,  like- 
wise occur  in  veins.  Some  veins  are  filled  with  water-worn 
pebbles,  others  with  lonnt ; sometimes  with  petrifactions. 

Werner  supposes  that  they  were  originally  fissures  formed 
In  the  rocks,  and  that  they  w ere  all  gradually  lillrd  by  minerals 
deposited  slowly  from  above,  while  the  rocks  in  which  they 
occur  were  covered  by  water,  and  that  they  were*  filled  at  the 
same  time  that  the  different  formations  were  deposited. 

This  theory  lie  has  supported  in  his  bonk  on  Veins,  by  a 
very  complete  enumeration  of  all  the  circumstances  respecting 
their  structure  and  appearances.  He  has  shewn  that  they 
resemble  fissures  very  exactly  in  their  shape  and  direction  ; 
and  that  as  they  contain  petrifactions  and  minerals  altered 
by  the  action  of  water,  they  must  of  necessity  have  been  filled 
from  above. 

Veins  of  coarse,  according  to  this  theory,  are  newer  than  the 
rocks  in  which  they  occur;  and  when  two  veins  cross,  that  is 
obviously  the  newest  which  traverses  the  other  without  inter- 
ruption. as  the  fissures  constituting  the  second  vein  must  have 
been  formed  after  ihe  first  vein  was  filled  up.  When  different 
veins  contain  the  same  minerals  arranged  in  the  same  order, 
he  conceives  that  they  were  filled  at  the  same  time,  and  says, 
that  such  veins  belong  to  the  same  formation.  When  they 
differ  in  these  respects,  they  belong  to  different  formations. 
From  the  position  of  the  respective  veins  with  regard  to  each 
other,  he  deduces  their  rclalivc  age;  and  from  this  draws 
inferences  respecting  the  relative  age  of  the  different  mine- 
ral substances  that  occur  in  seins.  similar  to  the  inferences 
drawn  respecting  the  age  of  the  rocks  which  constitute  the 
grand  classes  of  formations. 

GEOMETRY,  denotes  one  of  the  most  general  and  import- 
ant of  the  mathematical  sciences  ; and  according  to  the  present 
acceptation  of  the  term,  may  be  defined  the  science  of  exten- 
sion. or  nf  magnitudes,  considered  simply,  generally,  and 
abstractedly  ; or  rather,  it  is  that  science  which  treats  of  ihc 
relative  magnitudes  of  extended  bodies.  Geometry  is  dis- 
tinguished into  several  denominations,  as  analytical,  elementary, 
practical,  6tc. 

Elementary  Gr.ojiF.TaY,  is  that  which  treats  of  the  properties 
and  proportions  of  right  lines  and  right-lined  figures,  as  also 
of  the  circle  and  its  several  parts,  and  is  either  theoretical  or 
practical. 

Theoretical  Geometry,  has  for  its  object  the  demonstration 
of  certain  geometrical  propositions. 

Practical  Geometry,  relates  to  the  performance  of  certain 
geometrical  operations,  such  as  the  construction  of  figures,  and 
the  drawing  of  lines  in  certain  positions,  as  parallel,  perpendi- 
cular, &cc.  to  other  given  lines, 

Glometby  of  the  Compass,  is  a modern  branch  of  practical 


geometry,  in  which  all  the  problems  arc  performed  by  means  of 
the  compasses  only. 

The  most  approved  modern  works  on  the  elements  of  geo- 
metry arc  those  of  Euclid,  as  translated  by  Simson,  Ingram, 
and  Playfair;  and  the  treatises  of  Professor  Leislc,  and  M. 
Legendre.  In  practical  geometry,  we  may  recommend  the 
works  of  Mallet,  Clavins,  Taoquct,  and  Oxaoam.  In  analyti- 
cal geometry,  those  of  Mong6  and  Gamier. 

Prob.  1,  fig.  1. — To  bisect  a given  lino  A B. — I.  From  tlic 
points  A,  II,  as  centres,  with  any  distance  greater  than  half  A B, 
describe  arcs  cutting  each  other  in  c and  d.  1.  Draw  the  line 
ed  and  the  point  E,  where  it  cuts  AD,  will  be  the  middle  of 
the  line  required. 

Prob.  2,  fig.  2.— From  a given  point  C,  in  a given  right  line 
A B,  to  erect  a perpendicular.  II  hen  the  point  is  near  the  mid- 
dle of  the  line : 1.  On  each  side  of  the  point  C take  any  two 
equal  distances  C d and  Ce.  2.  From  d and  r,  with  any  radius 
greater  than  C d,  or  C e, describe  two  arcs  cuttingcacb  other  in/. 


Fig.  1. 


Fig.  2. 
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3.  Through  the  points  /,  C,  draw  the  line  /C,  which  will  be  the 
perpcndiculnr  required. 

Fig.  3 When  the  point  is  at,  or  near,  the  end  of  the  line. — 1. 
Take  any  point  d above  the  line,  and  with  the  radios  or  dis- 
tance rfC",  describe  the  arc  eC /,  cutting  A B in  e and  C.  2. 
Through  the  centre  d and  the  point  e,  draw  the  line  edf,  cut- 
ting the  arc  eC f,  in/.  3.  Through  the  poiuts / and  C,  draw 
the  line / C,  and  it  w ill  be  the  perpendicular  required. 

Prob.  3,  fig.  4. — From  a given  point  C,  without  a given  right 
line  A B,  to  let  fall  a perpendicular.— I . From  the  point  C, 
with  any  radius,  describe  the  arc  de,  cutting  A B in  e and  d. 
2-  From  the  points  e,  d with  the  same,  or  any  other  radius, 
describe  two  arcs  on  the  other  side  of  the  line,  cutting  each 
other  in  /.  3.  Through  the  points  C,  /,  draw  the  line  C D/, 

and  C 1>  will  be  the  perpendicular  required. 

Fig-  3.  Fig.  4. 


Prob.  4,  fig.  5. — At  a given  point  D,  upon  the  right  line  D B. 
to  make  an  angle  equal  to  a given  angle  a BI.--I.  From  the 
point  B,  with  any  radius,  describe  the  arc  ab,  cutting  the  legs 
II  a,  II  b,  in  the  points  a and  b.  2.  Draw  the  line  D E,  and  from 
the  poiut  D,  with  the  same  radius  as  before,  describe  the  arc 
ef,  catting  D E in  e.  3.  Take  tho  distance  ba,  and  apply  it  to 
the  arc  ef,  from  e to /.  4.  Through  the  points  D /,  draw  the 
line  D /,  and  the  angle  # D / will  be  oqual  to  the  angle  b B a. 
as  was  required. 

Prob.  6.  fig.  6. — To  divide  a given  angle  ABC  into  equal 
ancles. — 1.  From  the  point  B,  with  any  radius,  describe  the  arc 
AC.  2.  From  A and  C.  with  the  same,  or  any  other  radius, 
describe  arcs  cutting  each  other  in  d.  3.  Draw  the  line  B d, 
and  it  will  bisect  the  angle  ABC  into  three  equal  angles 
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Frob.  6,  fig.  7.~- 
To  trisect,  or  divide,  Fig.  b. 


iadt  and  e.  3.  Through  the  points  e,d,  draw  the  lines  Be. 
Brf,  and  they  will  trisect  lbe  angles  as  was  required. 

Prob.  7,  fig.  8, — Through  a given  point  C,  to  draw  a line 
parallel  to  a given  line  A B.— 1.  Take  any  point  d,  in  A B, 
upon  d and  C,  with  the  distance  C d,  describe  two  arcs  e C,  and 
df , cutting  tho  line  A B in  e and  d.  *2.  Make  df  equal  to 
t C ; join  C f,  and  it  will  be  parallel  to  A B as  required. 

Fig.  9.  When  the  parallel  u to  be  at  a given  dutanee  E F from 
A B.— 1.  From  any  two  points  e and  d,  in  the  line  A B,  with  a 
radius  equal  to  E F,  describe  the  arcs  e and /.  2.  Draw  the 
line  C D to  touch  those  arcs  without  cutting  them,  and  it  will 
be  parallel  to  A B,  as  was  required. 

Prob.  8,  fig.  10.— To  draw  a tangent  to  a given  circle,  that 
shall  pass  through  a given  point  A.— 1.  From  the  centre  O, 
Fig.  9.  yip.  io. 


draw  the  radios  O A.  *2.  Through  the  point  A,  draw  D E per- 
pendicular to  O A,  and  it  will  be  the  tangent  required. 

Prob.  9,  fig.  11. — To  draw  a tangent  to  a circle,  or  any  seg- 
ment of  a circle  ABC,  through  a given  point  B,  without 
making  use  of  the  centre  of  the  circle.— 1.  Take  any  two  equal 
arcs  lid,  de,  upon  the  circle,  from  the  given  point  B,  and  draw 
the  chord  « B.  2.  Upon  B,  as  a centre,  with  the  distance  B d, 
describe  the  arc  fdg,  catting  the  chord  e B in/.  3.  Make  dg 
equal  to  df,  through  g draw  g B,  and  it  will  be  the  tangent 
required. 

Prob.  10,  fip.  12.— A circle  ABC  being  given,  and  a tangent 
C H to  that  circle,  to  find  the  point  of  contact.— 1.  Take  any 
point  e,  in  tne  tangent  C H,  and  join  e O.  2.  Bisect  e G in  f, 
and  with  the  radius/e,  or  fti,  describe  the  semicircle  eCG, 
cutting  the  tangent  and  the  circle  in  C,  it  will  be  the  point 
required. 

Fig.  II.  Fig.  12. 


Prob.  11,  fig.  13.— Given  three  points  A,  B,  C,  not  in  a 
straight  line,  to  draw  a circle  through  them.— 1.  Bisect  the  lines 
AB.and  BC,  by  perpendiculars,  meeting  at  d.  2.  Upon  d,  with 
the  distance  d A,  d B,  or  d C,  describe  ABC,  it  will  be  the 
circle  required. 


Fig.  14. 


Prob.  12,  fig.  14.— In  a given  triangle.  A,  B,  C,  to  inscribe  a 
circle.— 1.  Bisect  any  two  angles  A and  C,  with  the  lines  AD, 
and  CD.  2.  From  D,  the  point  of  intersection,  let  fall  the 
perpendicular  D E,  it  will  be  tho  radius  of  the  circle  required. 

Prob.  13,  fig.  16. — In  a given  square  A BC  D,  to  inscribe  n 
regular  octagon. — 1.  Draw  the  diagonals  AC,  and  D B,  inter- 
secting at  e.  2.  Upon  the  points  A.  B,  C,  D,  as  centres,  with  a 
radios  «C,  describe  arcs,  he l,  ken,  meg,  ft  i.  3.  Join fn, 
m hr  ki,  Ig,  it  will  he  the  octagon  required. 

Prob.  14,  fig.  10.— In  a given  circle,  to  inscribe  an  equilateral 
triangle,  an  hexagon,  or  a dodecagon.  For  the  equilateral 
triangle. — 1.  Upon  any  point  A,  in  the  circumference  with  the 
radius  A G.  describe  the  arc  B (J  F.  2,  Draw  B F,  make  B D 
equal  to  I)  F.  3.  Join  D F,  and  BDF  will  bo  the  equilateral 


Fig.  16.  Fig.  10. 


triangle  required.—  Fur  the  hexagon.  Carry  the  radius  A G six 
times  round  the  circumference,  the  figure  A BCDEF  will  be 
the  hexagon. — For  'the  dodecagon.  Bisect  tho  arc  A B In  A, 
and  Ah  being  carried  twelve  times  round  the  circumference, 
will  also  form  the  dodecagon. 

Prob.  15,  fig.  17. — In  n given  circle  to  inscribe  a square  or 
an  octagon. — 1.  Draw  the  diameters  AC  and  B D,  at  right 
angles,  2.  Join  AB,  BC,  CD,  DA,  and  A B C D will  he  the 
square,— For  the  octagon.  Bisect  the  arc  A II  in  E,  and  A E 
being  carried  eight  times  round,  will  also  form  the  octagon. 

Prob.  10,  fig.  18. — In  a given  circle,  to  inscribe  a pentagon, 
or  a decagon.  For  a pentagon. — 1.  Draw  the  diameters  A F 
and  G H,  at  right  angles,  cutting  each  other  in  I.  2.  Bisect 
G I io/,  upon /,  with  the  distance  of / A,  describe  the  arc  A g ; 


upon  A,  with  the  distance  A g,  describe  the  arc  g E cutting  the 
circle  in  E.  3.  Join  A E,  and  carry  it  round  the  circle  five 
times,  then  will  A B C 1)  E be  the  pentagon  required. — For  the 
decagon.  Bisect  the  arc  A E in  i,  and  Di  being  carried  ten 
times  round,  will  also  form  the  decagon. 
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Prob.  17,  fig. 

10.— Upon  a giv- 
en line  A 13.  to 
describe  an  equi- 
lateral triangle. 

1.  Upon  the  points 
A and  B,  with  a 
radius  equal  to 
AU,  describe  arcs 
cutting  eacbother 
at  C.  2.  Draw 
A C,  and  B C,  it  will  be  the  triangle  required. 

Prob.  18,  fig.  20. — To  uiakc  a triangle,  whose  three  sides  shall 
be  equal  to  three  given  lines  D.E.F,  any  two  of  which  are  greater 
than  the  third.— 1.  Draw  a B equal  to  the  line  D.  2.  Upon  A, 
with  the  distance  E,  describe  an  arc  at  C.  3.  Upon  B,  with 
the  distance  F,  describe  another  arc,  intersecting  the  former  at 
C.  4.  Draw  AC  and  CB,  and  ABC  will  be  the  triangle 
required. 

Prob.  19,  fig.  21. — To  make  a trape- 
zium equal,  and  similar  to  a given  trape- 
zium A BCD.  — 1.  Divide  the  given 
trapezium  A BCD  into  two  triangles, 
by  a diagonal  AC.  2.  Make  EF  equal 
to  A IJ,  upon  E F construct  the  triangle 
E F G,  whose  three  sides  will  be  respec- 
tively equal  to  the  triangle  ABC.  3. 

Upon  EG,  which  is  equal  to  A C,  con- 
struct the  triangle  EG(f,  whose  two 
sides  E H,  and  G H,  are  respectively 
equal  to  A D and  C D,  then  E FGH 
will  be  the  trapezium  required.  In  the 
same  manner  may  any  irregular  polygon 
be  made  equal  and  similar  to  a given  incgular  polygon,  by 
dividing  the  given  polygon  into  triangles,  and  constructing  the 
triangles  in  the  samo  manner  in  the  required  polygon,  as  is 
shewn  by  figures. 

Prob . 20,  fig.  22. — To  make  a triangle  equal  to  a given  tra- 
pezium ABC  D. — 1.  Draw  the  diagonal  B D,  make  C E parallel 
to  it,  meeting  the  side  A B,  produced  in  E.  2.  Join  D E,  and 
A D B will  be  the  triangle. 

Prob.  21,  fig.  23.— To  make  a triangle  equal  to  any  given 
right-lined  figure  ABCDE. — I.  Produce  the  side  AB  both 
ways  at  pleasure.  2.  Draw  the  diagonals  A D and  B D,  and 
make  EF  and  CG  parallel  to  them.  3.  Join  D F,  DG,  then 
D F G will  bo  the  triangle  required.  Mach  after  the  same 
manner  may  any  other  right-line  figure  be  reduced  to  a triangle. 


Fig.  21. 


Fig.  22. 


Fig.  23. 


and  produce  it  till  it  cut  C F at  K.  4.  Draw  K FT,  parallel  to 
EG,  then  will  EG  H be  the  rectangle  required. 

Prob . 24,  fig.  26.— To  make  a square  equal  to  a given  rect- 
angle ABC  D. — 1.  Produce  the  side  A U,  make  B E equal  to 
B C.  2.  Bisect  A E in  I,  on  I,  as  a centre  with  the  radius  I E 
or  I A,  describe  the  semicircle  AHE.  3.  Produce  the  side  C B 
to  cut  the  circle  in  H,  on  BIT  describe  the  square  BHGF, 
and  it  will  be  the  square  required. 

Prob.  23,  fig.  27. — To  make  a square  equal  to  two  given 
squares  A and  II. — 1.  Make  D E equal  to  the  side  of  the 
Fig.  26.  Fig.  27. 


square  A,  and  DF  perpendicular  to  D E,  equal  to  the  side  of 
the  square  B.  2.  Draw  the  bypothenuse  FE;  on  it  describe 
the  sqnare  EFG  H,  it  will  be  the  square  required. 

Prob.  26.  fig.  28. — To  make  a square  equal  to  three  given 
squares  A,  B,  C. — 1.  Make  D E equal  to  the  side  of  the  square 
A.  and  DF  perpendicular  to  DE,  equal  to  the  side  of  the 
square  B.  2.  Join  F E,  draw  F G perpendicular  to  it.  3. 
Make  FG  equal  to  the  side  of  the  square  C;  join  G E,  thru 
GE  will  be  the  side  of  the  square  required. 

Prob. 27,  fig.  29. — Two  right  lines  A B,  and  C D,  being  given, 


Fig.  28. 


Fig.  29. 


0 


□A 


to  find  a third  pro- 
portional.—1.  Make 
an  angle  H El  at 
pleasure,  from  E, 
make  E F equal  to 
C D.  and  E G equal 
to  A B,  join  F G. 
2.  Make  BIT  equal 
to  EG,  and  draw 
H I parallel  to  F G, 
then  E I will  be  the 
: EG  ::  EII  : El, 


third  proportional  required,  that  is,  B F 
or  C D : A B : : A B : E I. 

Prob.  28.  fig.  30  — Three  right  lines  A C.  C D,  EF,  being 
given,  to  find  a fourth  proportional.— 1.  Make  the  angle  H G I 
at  pleasure:  from  G make  GH  equal  to  AB;  G I equal  to 
C D ; and  join  H I.  2.  Make  G K equal  to  E F,  draw  K L 
through  K parallel  to  H I,  then  G L will  be  the  fourth  propor- 
tional required ; that  is, 'G  IT  : G I : : G K ; G L.  or  A 1!  : 
C D ; ; E F : G L. 

Prob.  29,  fig.  31. — To  divido  a given  line  A B.  in  the  same 
proportion  as  another,  C D is  divided.— 1.  Make  any  angle 
KHI;  and  make  H 1 equal  to  A B ; then  apply  the  sevcrsJ 


Fig.  30 


Fig.  31. 


Prob.  22,  fig.  24.— To  reduce  a triangle  A B C to  a rectangle. 
— 1.  Bisect  the  altitude  A F in  G,  through  G draw  E D parallel  to 


Fig.  24. 


Fig.  26. 


BC.  2.  From  C 
draw  C D per- 
pendicular to 
BC,  and  BE 
parallel  to  CP, 
then  B C D E 
will  be  the  rect- 
angle required. 

Prob.  23,  fig. 

25. — To  make  a 
rectangle,  hav- 
ing a side  equal 

to  a given  line  A B,  and  equal  to  a given  rectangle  CDEF. — 
Produce  the  sides  of  the  rectangle  CF,  D E,  F E,  and  CD. 
2.  Make  E G equal  to  A B,  through  G draw  L H parallel  to 
DE,  cutting  Cl)  produced  at  L.  3.  Draw  the  diagonal  LE, 


a — -o  a » — — ■ ■ - • --  ■:  B 


parts  of  C D from  H to  K,  and  join  K I.  2.  Draw  the  lines 
o A.  if,  kg,  parallel  to  I K,  and  the  line  H I will  be  divided  in 
A,  i,  A,  l,  as  was  required. 

GERANIUM,  in  Botany,  Crane's  Bill,  a genus  of  plants 
belonging  to  the  tnonadclphia  class,  and  in  the  natural  order 
ranking  the  14th  orde~  Gruminalts. 

GERARDIA,  a genus  belonging  to  the  didynamia  class,  and 
in  the  natural  method  ranking  under  the  40th  order. 

GERMEN,  the  seed -bud ; defined  by  Linnaeus  to  be  the 
b&so  of  the  pistilimn,  which  contains  the  rudiments  of  the  seed  ; 
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and,  in  progress  of  vegetation,  swell#,  and  becomes  tlic  seed 
itself.  Hence, 

GERMINATION,  aaion^  Bolanisli  comprehends  the  pre- 
cise time  which  seeds  lake  to  rise,  after  they  have  been  com- 
mitted to  the  soil,  and  Air  and  WsTfcft  are  the  agents  of 
germination.  Millet,  wheat,  and  several  of  the  grasses,  rise  in 
a day  ; spinach,  beans,  turnips,  &c.  in  three  days  ; lettuce  and 
dill  in  four;  cucumber,  gourd,  melon,  and  cress,  in  five;  ra- 
dish and  beet  in  six  ; cabbage  in  ten ; parsley  in  fifty  ; peach, 
almond,  and  walnut  in  a year  ; and  the  sensitive  plant  retains 
its  germinating  virtue  for  thirty  or  forty  years ! 

GILDING,  the  application  of  gold  to  the  surfaces  of  bodies, 
is  performed  in  two  ways.  Wood,  leather,  paper,  and  soft 
substances,  arc  gilt  by  fastening  on  gold  leaf  by  some  kind  of 
cement;  hut  metals  arc  gilded  by  a chemical  process,  called 
water  gilding  ; while  the  former  is  called  oil  gilding , burnished 
gilding , and  japanner's  gilding.  The  instruments  necessary  for 
gilding  arc  a cushion,  knife,  tip,  and  fitch,  which  are  to  be  had 
in  any  colour  shop.  The  gold  leaf  is  either  pure  gold,  ( yellow ) ; 
pale  gold,  (greenish  ;)  or  Dutch  gold,  that  is.  oopper  coloured 
by  the  fumes  of  sine.  The  cushion  receives  the  gold,  the  knife 
parts  it;  the  tip,  a tool  made  by  fastening  the  long  hairs  of  a 
squirrel's  tail  between  two  cards,  is  used  for  taking  up  the 
gold  leaf  after  it  is  cat.  and  laying  it  on  the  article  to  be 
gilded.  A filch  pencil  is  used  for  the  same  purpose  as  the  last, 
in  taking  up  very  small  hits  of  gold  leaf.  A ball  of  cotton  is 
used  for  pressing  down  the  leaf,  after  it  is  laid  on ; a large 
camel's  hair  brush  for  dusting  the  work,  and  clearing  away  the 
superfluous  gold. 

Oil  Gilding.  Prime  the  work  first  with  boiled  linseed  oil 
end  white-lead  ; when  dry,  do  it  over  with  a thin  coat  of  gold 
size,  consisting  of  stone-ochre  ground  in  fat-oil.  When  that 
is  so  dry  as  to  feel  clammy,  it  is  fit  for  gilding.  Spread  the 
leaves  of  gold  upon  the  cushion,  cut  them  into  slips  of  the  pro- 
per width  for  covering  the  work,  breathe  upon  the  tip,  as  by 
moistening  it  thus,  it  will  take  up  the  leaves  from  the  cushion. 
Apply  them  by  the  tip  on  the  proper  parts  of  the  work,  and  press 
them  down  by  the  ball  of  cotton.  Repair,  by  putting  small 
pieces  of  gold  on  any  parts  which  you  have  omitted  to  cover. 
When  the  work  is  covered,  let  it  dry,  and  then  clear  it  oil*  with 
the  brush.  This  sort  of  gilding,  the  easiest  and  least  expensive, 
will  stand  the  weather,  and  may  at  any  time  be  cleaned  with  a 
little  water. 

Burnished  Gilding  is  the  sort  of  gilding  generally  used  for 
picture-frames,  looking  glasses,  Ac.  The  wood  intended  to  he 
gilt  in  this  mannor,  should  first  be  sued,  then  done  over  with 
eight  coats  of  size  and  whiting,  to  cover  it  with  a body  of  con- 
siderable thickness.  Haring  laid  a sufficient  quantity  of  whit- 
ing upon  the  work,  it  must  be  cleaned  off,  freeing  all  the  cavi- 
ties and  hollows  from  the  whiting  that  may  have  choked 
them  up,  and  by  proper  moulds  and  tools,  restoring  the  sharp- 
ness of  the  mouldings.  It  then  receives  a coat  of  sizo,  made 
by  boiling  Armenian  bole  with  parchment  size.  As  this  must 
not  remain  till  it  is  qnite  dry,  it  is  prudent  not  to  lay  on  more 
ut  a time  than  can  be  gilt  before  it  becomes  too  dry.  The 
work  being  thus  prepared,  place  it  a little  declining  from  you, 
and  with  dean  water  and  a hair  pencil  moisten  a part  of  it, 
npply  the  gold  by  the  tip  to  the  moistened  part,  it  will  imme- 
diately adhere  to  the  work:  proceed  to  wet  the  next  part,  and 
apply  the  gold  as  before,  repeating  this  operation  till  the  whole 
is  completed  ; let  not  any  drops  of  water  came  upon  the  gold 
already  laid  on,  therefore  no  part  should  be  missed  in  going 
over  it  at  first,  since  it  is  not  so  easily  mended  as  oil  gilding. 
The  work  being  thus  gilt,  remains  twenty-four  hours ; when 
the  parts  designed  to  be  burnished  arc  polished  with  a dog’s 
tooth,  or  an  agate  burnisher,  bat  the  gilding  must  not  be  quite 
dry  when  it  is  burnished. 

Japanner's  Gilding.  To  gild  japanned  work,  wc  draw  with  a 
hair  pencil,  in  gold  size,  the  intended  ornaments,  and  after- 
wards apply  gold  leaf  or  gold  powder.  The  gold  size  is  pre- 
pared thus  : take  of  linseed-oil,  and  of  gum-animi,  four  ounces. 
Boil  the  oil,  add  the  gnm-animi  gradually  in  powder,  stirring 
each  quantity  in  the  oil  till  it  be  dissolved,  then  put  in  another, 
till  the  whole  be  mixed.  Let  the  mixture  boil  till  it  acquire  a 
thicker  consistence  than  tar ; strain  the  whole  through  a coarse 
cloth,  and  keep  it  for  use  ; when  applied,  it  must  be  mixed  with 
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vermilion  and  oil  of  turpentine.  Having  laid  on  the  gold  size, 
and  allowed  it  to  dry,  the  gold  leaf  is  applied  in  the  usual  waj, 
or  if  it  is  not  wanted  to  shine  so  much,  gold  powder  is  applied, 
which  is  made  by  grinding  gold  leaf  upon  a stone  with  honey, 
and  afterwards  washing  the  honey  away  with  water.  If  the 
gilding  is  varnished,  Dutch  gold  may  be  used,  instead  of  real 
gold  powder,  or  aurum  niusivum  may  bo  used. 

7b  Write  on  Paper  with  Letters  of  Gold.  Put  gum-arahio 
into  writing  ink,  and  write  in  the  usual  way.  When  the  writ- 
ing is  dry,  breathe  oil  it;  the  warmth  and  moisture  will  soften 
the  gum,  and  cause  it  to  fasten  on  the  gold  leaf,  which  may  be 
laid  on  in  the  usual  wuy,  and  the  superfluous  part  burnished 
off.  Or,  instead  of  this  use  japanner's  size. 

To  tag  Gold  up*,n  White  Earthenware,  or  Glass.  Draw  tho 
design  upon  the  vessel  to  he  gilt  with  japanner's  gold  size, 
moistening  it  if  necessary  with  oil  of  turpentine.  Net  the  work 
in  a room  free  from  dust,  to  dry,  for  an  hour,  then  place  it  so 
near  the  fire  that  you  could  just  bear  the  lirnt  of  it  with  your 
hand  for  a few  seconds.  Let  it  remain  there  till  it  feels  clammy, 
then  lay  some  gold  leaf  on  it  in  the  usual  way.  Then  put  the 
ware  into  nn  oven  to  be  baked  for  about  three  hours.  Glasses, 
Ac.  are  gilt  by  drawing  the  figures  with  shell  gold  mixed  with 
gum-arabic  and  Imrax.  Then  apply  sufficient  heat  to  it,  and 
lastly  burnish  it. 

7b  Gild  on  Glass  or  Porcelain,  bg  Burning-in.  Dissolve  gold 
in  aqua-regia,  evaporate  the  acid  by  heal,  and  you  will  obtain 
a gold  powder;  or  precipitate  the  gold  from  the  solution  by 
nieces  of  copper.  Lay  this  gold  on  with  a strong  solution  of 
borax  and  gum  water,  and  it  may  be  burned-in. 

To  Gild  Mi tals.  One  method  of  applying  gold  upon  metals 
is  by  first  cleaning  the  metal  to  be  gilt;  gold  leaf  is  then  laid 
on  it.  This  rubbed  with  a polished  blood  stone,  and  a certain 
degree  of  heat,  adheres  perfectly  well.  In  this  manner  silver 
leaf  is  fixed  and  burnished  upon  brass,  in  the  making  of  what 
is  called  French  Plate ; and  sometimes  gold  leaf  also  is  bur- 
nished upon  copper  and  iron. 

Gilding  bg  Amalgamation  is  by  previously  forming  the  gold 
into  a paste,  or  amalgam,  with  mercury.  Hut  to  obtain  an 
amalgam  of  gold  and  mercury,  tho  gold  is  reduced  into  thin 
plates  or  grains,  heated  red-hot,  and  thrown  into  mercury  pre- 
viously heated,  till  it  begins  to  smoke.  Upon  stirring  tho 
mercury  with  an  iron  rod,  the  gold  totallv  disappears.  Tho 
proportion  of  mercury  to  gold  is  generally  as  six  or  eight  to 
one.  The  method  of  gilding  by  amalgamation,  is  chiefly  used 
for  gilding  copper,  or  an  alloy  of  copper,  with  a small  portion 
of  zinc,  which  receives  the  amalgam  more  readily,  and  is  pre- 
ferable on  account  of  its  colour,  resembling  that  of  gold  more 
than  the  colour  of  copper.  When  the  metal  to  be  gilt  is 
wrought  or  chased,  it  is  previously  covered  with  quicksilver 
before  the  amalgam  is  applied,  that  this  may  spread  easier ; 
but  when  the  surface  of  the  metal  is  plane,  the  amalgam  may 
he  applied  to  it  directly.  The  metal  to  be  gilt  is  first  rubbed 
with  aqua  fortis,  which  cleans  the  surface  from  any  rust  or 
tarnish  that  might  prevent  the  union  ofthn  metals.  The  amal- 
gam is  then  spread  equally  over  the  surface  by  a brush,  and 
the  mercury  is  evaporated  by  heat  sufficient  for  that  purpose; 
if  the  heat  be  too  great,  part  of  the  gold  also  may  be  expelled, 
and  part  of  it  will  run  together,  and  leave  some  of  the  surface 
of  the  metal  bare.  While  the  mercury  is  evaporating,  the 
work  is  from  time  to  time  taken  from  the  fire,  and  examined, 
that  the  amalgam  may  be  spread  more  equally  by  means  of  a 
brush;  and  nny  defective  parts  again  covered,  and  that  the 
heat  may  not  he  too  suddenly  applied.  When  the  mercury  has 
evaporated,  which  is  known  by  the  surface  becoming  entirely 
of  a dull  colour,  the  metal  then  undergoes  other  operations,  by 
which  it  receives  the  fine  gold  colour.  First,  the  gilded  piece 
of  metal  is  rubbed  with  a scratch-brush  (a  brash  made  of  brass 
wire.)  till  its  surface  is  quite  smooth ; it  is  then  covered  with 
gilding  wax,  and  again  exposed  to  the  fire  till  the  wax  be  burnt 
off.  This  wax  is  composed  of  bees-wax,  mixed  with  either  red 
ochre,  verdigris,  copper  scales,  alum,  vitriol,  or  borax  ; but  thu 
saline  substances  are  sufficient  without  any  wax.  The  colour 
of  the  gilding  is  heightened  by  this  operation.  The  gilt  surface 
is  then  covered  with  a saline  composition  of  nitre,  alum,  or 
other  vitriolic  salt,  ground  together,  and  mixed  into  a paste 
with  water  and  urine.  The  metal  thus  covered  is  exposed  to  a 
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certain  degree  of  heat,  and  then  quenched  in  water.  By  this 
method  its  colour  ii  further  improved,  and  brought  nearer  to 
that  of  gold.  This  effect  seems  to  be  produced  by  the  acid  of 
nitre  (which  is  disengaged  by  the  sulphuric  acid  of  the  alum, 
during  the  exposure  to  heat)  acting  upon  «nv  particles  of  cop- 
per which  may  happen  to  lie  upon  the  gilded  surface.  Lastly, 
some  artists  think  that  they  give  an  additional  lustre  to  their 
gilt  work,  by  dipping  it  in  a liquor  prepared  by  boiling  some 
yellow  materials,  as  sulphur,  orpiment,  or  turmeric.  The  only 
advantage  of  this  operation  is,  (hat  part  of  the  yellow  matter 
remains  ill  some  of  the  holloas  of  the  carved  work,  in  which 
the  gilding  is  apt  to  be  more  impel  feet,  and  to  which  it  gives  a 
risk  and  solid  appearance. 

Gilding  Iron  or  Steel.  In  gilding  iron  or  steel  by  means  of 
an  amalgam,  as  the  metal  lias  no  affinity  for  the  mercury,  nn 
agent  is  employed  to  dispose  the  surface  to  receive  the  gilding. 
This  agent  is,  a solution  of  mercury  in  nitrous  acid  (aqua  for- 
lis,)  or  what  workmen  call  quicksilver  water,  applied  to  the 
parts  to  be  gilded ; the  acid,  by  n stronger  affinity,  seizes  on  a 
portion  of  the  iron,  and  deposits  in  its  place  a thin  coating  of 
mercury,  which  will  not  refuse  a onion  afterwards  with  the 
gold  amalgam  that  may  he  applied ; by  this  process,  the  nitrous 
acid  injures  the  surface  of  the  metal,  and  the  union  of  the  mer- 
cury being  very  slight,  a bright  and  durable  gilding  cannot  be 
obtained. 

Another  Method.  Apply  a solution  of  blue  vitriol  with  a 
camel's-bair  peocil,  to  the  parts  of  the  alccl  to  be  gilt,  and  by 
a chemical  action,  similar  to  that  we  described  as  taking  place 
when  a solution  of  nitrate  of  mercury  is  employed,  a thin  coat- 
ing of  copper  is  precipitated  on  the  metal.  The  copper  has  an 
affinity  for  mercury,  and  a union  is  thus  effected  between  the 
amalgam  and  the  iron  or  steel.  But  the  surface  is  injured  by 
the  action  of  the  acid  empluycd,  and  still  a heat  sufficient  to 
volatilize  the  mercury  must  be  afterwards  used. 

Gilding  of  Iron  by  Heat.  When  the  surface  has  been 
polished  bright,  it  is  heated  till  it  becomes  blue.  Cold  leaf  is 
then  applied,  and  burnished  down.  It  is  then  heated  again, 
another  layer  of  gold  burnished  on  it,  and  in  this  mariner  three 
or  four  coats  arc  given,  according  to  the  intended  strength  of 
the  gilding.  This,  though  a more  laborious  process  than  the 
'wo  last,  is  not  attended  with  so  much  ilsk. 

An  Improved  Protest  for  Gilding  Iron  or  Steel.  This  process, 
less  known  among  artists  than  it  deserves  to  be.  cannot  fail  to 
be  useful  to  those  who  gild  iron  or  steel.  The  first  part  of  the 
process  consists  in  pouring  over  a solution  of  gold  in  nitro- 
muriatic  acid  (aqua  regia)  about  twice  as  much  ether.  This 
must  be  done  with  caution,  ami  in  a large  vessel.  These  liquids 
are  then  shaken  together,  and  as  soon  as  the  mixture  is  at  rest,  I 
the  ether  will  be  scon  separating  itself  from  the  nitro-nuiriatic 
acid,  nnd  floating  on  the  surface.  The  nilro-muriatic  acid 
becomes  more  transparent,  and  the  ether  darker,  than  they 
were  before;  because  tlie  ether  has  taken  the  gold  from  the 
arid-  The  whole  mixture  is  then  poured  into  a glass  funnel 
with  a small  aperture,  which  must  not  be  opened  till  the  fluids 
have  separated  themselves  from  each  other.  It  is  then  opened, 
and  the  nilro-muriatio  acid  will  rnn  off*,  it  having  taken  off  the 
lowest  place  by  its  greater  gravity  ; the  aperture  is  then  shat, 
and  the  funnel  will  be  found  to  contain  nothing  hut  ether  mixed 
with  gold.  This  is  preserved  for  use  in  bottles  well  closed.  In 
order  to  gild  iron  or  steel,  the  metal  is  first  well  polished  with 
emery,  or  the  finest  crocus  martis,  nr  colcolhar  of  vitriol,  and 
common  brandy.  The  auriferous  ether  is  then  applied  with  a 
small  brush;  the  ether  soon  evaporates,  and  the  gold  remains 
nn  the  surface  of  the  metal.  The  rocta)  may  then  bo  put  into 
the  fire,  and  afierwurds  polished.  By  means  of  this  auriferous 
ether,  figures  of  all  kinds  may  be  delineated  on  iron,  by  a pen 
or  fine  brush.  Instead  of  ether,  tire  essential  oils  of  turpentine 
or  lavender  may  he  used  which  will  also  take  gold  from  its 
solution. 

Cold  Gilding  of  Silver.  Dissolve  gold  in  nitro-muriatic  acid, 
dip  some  linen  rags  in  the  solution,  then  burn  them,  and  pre- 
serve the  ashes.  Whatever  is  to  be  gilded  must  be  previously 
well  burnished  : a piece  of  cork  is  then  dipped,  first  into  a 
solution  of  salt  and  water,  and  afterwards  into  the  black  pow- 
der. and  the  piece  being  rubbed  with  it  must  be  burnished. 

Gilding  Copper  or  Brau  is  thus  done : evaporate  a saturated 


solution  of  gold  to  the  consistence  of  oil,  let  it  shoot  Into  crys- 
tals, which  dissolve  in  pure  water,  immerse  in  this  the  articles 
to  be  gilded,  wash  them  afterwards  in  pure  water,  and  burnish 
them. 

Grecian  Gilding.  Dissolve  mercury  in  muriatic  acid,  (spirits 
of  salt.)  w hich  will  give  a muriate  of  mercury.  Equal  parts  of 
this  and  sal  ammoniac  are  then  mixed,  and  dissolved  io  aqua- 
fortis. Put  some  gold  into  this,  and  it  will  dissolve.  This 
applied  to  silver,  becomes  black  ; but  by  heating,  it  assumes  the 
appearance  of  gilding. 

To  make  Shell  Gold.  Grind,  in  a mortar,  gold  leaf  and 
honey,  then  wash  away  the  honey  with  water,  and  mix  the 
gold  powder  with  gum  water.  This  may  be  applied  to  any 
article  with  a camel's-hair  pencil,  in  the  same  way  as  any 
other  colour. 

GIMBALS,  the  brass  rings  by  which  a sca-compass  is  sus- 
pended in  its  box,  so  as  to  counteract  the  effect  of  the  ship's 
motion,  and  keep  the  card  horizontal. 

GIMBLETING,n  term  applied  to  the  anchor,  to  denote  the 
action  of  turning  it  round  by  the  stock,  so  that  the  motion  of 
the  stock  appears  similar  to  that  of  the  handlo  of  a gimblct 
when  it  is  employed  to  turn  the  wire. 

GIN,  in  Mechanics,  a machine  for  driving  piles,  fitted  with  a 
windlass  nnd  winch  at  each  end,  where  eight  or  nine  men 
heave,  and  round  whioh  a rope  is  reeved  that  goes  over  the 
wheel  at  the  lop ; one  end  of  this  rope  is  seized  to  an  iron 
monkey  that  hooks  to  a beetle,  of  different  weights,  according 
to  the  piles  that  arc  to  be  driven,  being  from  8 to  13  hundred 
weight ; and  when  hove  up  to  a cross  piece,  near  the  wheel,  it 
unhooks  the  monkey,  and  lets  the  beetle  fall  on  the  upper  end 
of  the  pile,  aod  thereby  forces  the  same  into  the  ground  ; then 
(he  monkey’s  own  weight  overhauls  the  windlass,  in  order  for 
Its  being  hooked  again  to  the  beetle.  See  Pile  Engine. 

GIRT,  the  situation  of  a ship  which  is  moored  so  light  by 
her  cables,  extending  from  the  hawse  to  two  distant  anchors, 
as  to  be  prevented  from  swinging  or  turning  about  according 
to  any  change  of  the  wind  or  tide,  to  the  current  of  w hich  her 
head  would  otherwise  be  directed.  The  cables  are  extended 
in  this  manner  by  a strong  application  of  mechanical  powers 
within  the  ship  ; so  that,  as  sne  veers  or  endeavours  to  sw  ing 
about,  her  side  bents  upon  one  of  the  cables,  which  catches  on 
her  heel,  and  interrupts  her  in  the  act  of  traversing.  In  this 
position  she  must  ride,  with  her  broadside  or  stern  to  the 
wind  or  current,  till  ono  or  both  of  the  cables  arc  slackened  so 
as  to  sink  under  the  keel;  after  which,  the  ship  will  readily 
yield  to  the  effort  of  the  wind  or  current,  and  turn  her  head 
thither. 

Girt  Line,  a rope  passing  through  a single  block  on  the 
head  of  the  lower  masts,  to  hoist  up  the  rigging  thereof,  and 
the  persons  employed  to  place  the  rigging  and  cross-trees  on 
the  mast-heads  ; the  girt-line  is,  therefore,  the  first  rope  em- 
ployed to  rig  a ship,  after  which  it  is  removed  till  the  ship  is  to 
be  unrigged. 

GIVEN,  is  a term  frequently  used  by  mathematicians,  to 
denote  something  supposed  to  be  known.  Thus,  if  a magni- 
| tude  be  known,  it  is  said  to  be  a yinM  magnitude.  If  the  posi- 
tion of  a thing  be  known,  it  is  given  in  position ; thus,  if  a 
circlo  be  described  with  a known  radius,  its  centre  is  ^iren  in 
position,  and  its  circumfcrenoe  given  in  magnitude,  and  the 
circle  itself  is  said  to  be  given  both  in  magnitude  and  position. 
If  the  kind  or  species  of  a figure  be  known,  it  is  said  to  be 
given  in  species  ; if  the  ratio  between  two  quantities  be  known, 
these  quantities  arc  said  to  have  a given  ratio,  &c.  &c. 

GIVE  Wat,  is  the  order  to  a boat's  crew  to  row  after 
having  ceased  for  a short  time,  or  to  increase  their  exertions  if 
they  were  before  rowing.  Give  i cay  together,  implies  that 
men  should  keep  time  together  in  rowing,  so  as  that  the  oars 
should  all  dip  and  rise  together,  whereby  tbrir  several  forces 
are  exerted  as  one. 

GLACIS,  in  Fortification,  the  mass  of  earth  which  serves 
as  a parapet  to  the  covered  way,  sloping  easily  towards  the 
champaign  field.  In  Building,  glacis  expresses  any  declivity, 
which  is  less  steep  than  the  slope  called  Talus  In  Gardening, 

| a descent  sometimes  begins  in  a Talus,  and  ends  in  a glacis. 

GLAIR  Ec.cs,  is  the  same  as  the  white  of  eggs,  used  as  a 
I varnish  for  preserving  paintings.  For  this  purpose,  ii  is  beat 
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to  an  unctuous  consistence,  and  commonly  mixed  with  a little 
brandy  or  spirits  of  wine,  to  make  it  work  more  freely,  and 
with  a little  lump-sugar  to  give  it  body  and  prevent  it  crack- 
ing. and  then  spread  over  the  picture  with  a fine  elastic  brush. 

GLASS,  a transparent,  brittle  metal,  made  of  sand  melted 
in  a strong  fire  with  fixed  alkaline  salts,  lead,  slags,  flee,  till 
the  whole  becomes  perfectly  clear  and  fine.  And  the  manu- 
factured glass  may  be  divided  into  three  kinds— while  trans- 
parent glass,  coloured  glass,  and  common  green  or  bottle 
glass.  Of  the  first  of  these,  there  are  many  different  kinds,  as 
flint  glass,  crystal,  mirror  plate,  window  glass.  Ate.  Of  the 
coloured  glass,  there  is  also  a groat  variety,  resulting  from 
accidental  combinations  or  preparations. 

Accident  is  said  to  have  discovered  the  constituent  parts  of 
glass.  Some  merchants,  with  a freight  of  soda,  cast  anchor  at 
the  mouth  of  the  river  Belas,  in  Phcnicia,  and  were  dressing 
their  dinner  on  the  sand,  using  large  lumps  of  the  soda  as  sup- 
ports for  their  kettles.  The  fire  melting  the  soda,  and  too 
siliceous  earth  together,  exhibited  glass.  A manufacture  was 
instantly  established,  and  to  this  place  it  was  for  a long  time 
confined.  What  was  the  soda  previously  used  for? 

Glass  was  made  in  great  perfection  among  the  ancients  ; ax 
drinking  glasses,  prisms,  and  coloured  glasses  of  various 
kinds.  It  was  known  to  the  Romans,  but  was  by  no  means 
common  among  them,  for  Nero  paid  £60,000  for  two  glass 
cups.  Glass  was  first  used  for  windows  in  the  third  century. 

Glass,  as  we  have  remarked,  is  a solid,  transparent,  brittle, 
substance,  produced  by  melting  together  sand,  flint,  and  alka- 
line salts.  There  are  other  saline  matters  emplovcd  in  the 
manufacture  of  glass,  as  poevtrine,  or  rocketta,  which  is  pre- 
pared from  glass  wort  or  salsola  kali,  an  indigenous  plant, 
but  which  is  chfcfly  imported  from  Spain,  where  it  is  cut  down 
in  the  summer,  dried  in  the  sun,  and  burned  in  heaps,  when 
the  ashes  fall  into  a pit,  where  they  ooncrete  into  a hard  mass. 
A similar  salt  is  obtained  from  the  ashes  ( kelp ) of  the  common 
sea-wrack.  The  sand  used  in  tho  manufacture  of  gloss  is 
found  at  Lynn  in  Norfolk,  Maidstone  in  Kent,  Ace.  &c. 

The  following  are  the  processes  employed  in  making  glass: 

Fritting.  The  various  materials  are  carefully  washed,  and 
after  extracting  all  the  imparities,  are  conveyed  to  the  furnace 
in  pots  made  of  tobacco-pipe  clay.  The  produce  of  this  pro- 
cess is  called  the  frit,  which  is  again  melted  in  large  pots  or 
crucibles,  till  the  whole  ruaaa  becomes  beautifully  clear,  and 
the  dross  rises  to  the  top. 

Blowing,  (see  Plate,  fig.  1,)  is  the  next  process,  which  in 
round  gla*u,  as  phials,  drinking  glasses,  &c.  is  thus  performed. 
The  workmen  dip  the  end  of  long  iron  pipes,  red-hot,  into  the 
liquid  glass,  then  roll  it  on  a polished  iron  plate  to  give  it  an 
externa!  even  surfuee  j they  next  blow  down  the  iron  pipe  till 
It  enlarges  the  rncial  like  a bladder,  and,  if  necessary,  roll  it 
again  on  the  iron  plate,  and  proceed  to  form  it  into  a globular, 
or  any  other  required.  The  glass  is  then  transferred  from  the 
blowing  pipe,  bj  dipping  the  end  of  another  iron  rod  into  the 
liquid  glass,  which  adheres  to  the  heated  rod,  aud  with  which 
the  workman  sticks  it  to  the  bottom  of  the  vessel ; then  with  a 
pair  of  pincers,  wetted  with  water,  he  touches  the  neck,  which 
immediately  cracks,  and  on  being  slightly  struck,  separates  at 
the  end  of  tho  blowing  pipe,  and  becomes  attached  to  the  iron 
rod.  The  vessel  is  next  carried  np  to  the  mouth  of  the  furnace 
to  be  heated  and  softened,  that  tbc  operator  may  finish  it.  If  the 
vessel  require  a handle,  the  operator  forms  it  separately,  and 
unites  it  while  melting-hot,  forming  it  with  pincers  to  the 
requisite  shape  and  pattern. 

Annealing  is  the  removing  of  the  glass  after  it  has  been 
blown,  or  cast,  into  a furnace,  whose  heat  is  not  sufficiently 
Intense  to  melt  it;  and  gradually  withdrawing  the  article  from 
the  hottest  to  a cooler  part  of  the  annealing  chamber,  till  it  is 
cold  enough  to  be  taken  out  for  use. 

Cdouring.  The  different  coloured  glasses  owe  their  lints  to 
the  different  metallic  oxydei  mixed  with  the  materials  while 
in  n state  of  fusion. 

Blue,  glass  is  formed  by  the  oxyde  of  cobalt ; 

Green,  by  the  oxyde  of  iron  or  copper } 

Violet,  by  the  oxyde  of  manganese  ; 

He/I,  by  a mixture  of  the  oxydes  of  cupper  and  iron  ; 

Purple,  by  the  sxyde  of  gold  ; 


White,  by  the  oxyde  of  arsenic  and  zinc  ; 

Yellow,  by  the  oxyde  of  silver,  and  by  combustible  bodies  j 

And  Black,  from  a mixture  of  oxyde  of  manganese,  cobalt, 
and  iron. 

In  this  manner  is  made  those  elegant  pastes,  which  so  faith- 
fully imitate,  and  not  unfreanently  excel,  in  brilliance,  their 
originals,  the  gems  of  antiquity.  The  glass,  however,  for  this 
purpose,  is  prepared  in  a peculiar  manner,  and  requires  great 
nicety.  It  combines  purity  and  durability.  Opaque  glass  is 
made  by  the  addition  of  the  oxyde  of  tin,  and  produces  that 
beautiful  imitation  of  enamel  which  is  so  much  admired.  Dials 
for  watches  and  clocks  are  made  in  this  manner,  and  are  manu- 
factured exclusively  at  the  Falcon  Glass-house,  Surrey  side  of 
Blackfriars*  Bridge. 

Cutting  or  Ornamenting,  is  effected  by  a machine,  in  which 
there  is  a large  wheel  turned  by  a winch.  The  band  of  this 
wheel  passes  round  a pulley  on  the  axle  of  a wheel  or  cutter, 
which  it  turns  with  great  velocity.  Beneath  the  cutter  a cistern 
is  placed,  and  above  it  a small  cask  containing  water,  the  cock 
of  which  is  so  placed  as  to  drop  very  slowly  on  the  circum- 
ference of  the  cutter.  The  operator,  after  dressing  the  edge  of 
the  cutter  with  emery  paste,  applies  successively  the  parts  of 
the  glass  which  are  to  he  cut,  and  dexterously  moves  it  as  the 
parts  are  sufficiently  ground  away. 

The  principal  sorts  of  glass  arc.  crown  glass.  The  best  win- 
dow glass  is  made  of  white  sand,  purified  barilla,  saltpetre, 
borax,  and  arsenic,  melted  together;  and  if  the  glass  assume  a 
yellowish  hue,  the  defect  is  removed  by  adding  a sufficient 
quantity  of  manganese. 

Newcastle  glass,  generally  used  in  England,  is  of  an  ash 
colour,  frequently  speckled,  streaked,  and  blemished.  It  is 
made  from  white  sand,  unpurified  barilla,  common  salt,  arsenic, 
and  manganese. 

The  bottle  or  green  glass,  usually  made  of  common  sand, 
lime,  and  some  clay  fused  with  an  impure  alkali,  is  very  hard, 
and  resists  the  corrosive  action  of  all  liquids  much  better  than 
flint  glass ; the  green  colour  is  owing  to  the  iron : it  is  well 
adapted  for  chemical  vessels. 

Flint  glass , the  most  fusible  of  any.  is  used  for  bottles,  uten- 
sils intended  to  be  ent  and  polished,  and  for  various  ornamental 
purposes.  The  best  kind  is  composed  of  white  siliceous  sand, 
pearl  ash.  red  oxyde  of  lead,  nitrate  of  potash,  and  the  black 
oxyde  of  manganese. 

Plate  glass,  so  called  from  its  being  cast  ill  plates  or  large 
sheets,  is  the  most  valuable,  and  Is  employed  for  mirrors  and 
the  windows  of  carriages.  It  is  composed  of  white  sand 
cleansed  with  purified  pearl  ashes  and  borax.  But  should  the 
metal  appear  yellow,  it  is  restored  to  its  pellucid  transparency 
by  the  addition  (in  equnl  proportions)  of  a small  quantity  of 
manganese  and  arsenic.  It  is  cast  on  a large  horizontal 
tabic,  and  all  excrescences  pressed  out  by  passing  a targe 
roller  over  the  metal.  To  polish  the  glass,  it  is  laid  on  a large 
horizontal  table  of  frccstono  perfectly  smooth ; and  then  a 
smaller  piece  of  glass,  fastened  to  a plank  of  wood,  is  passed 
over  the  other  till  it  has  received  its  due  degree  of  polish,  But 
to  facilitate  this  process,  water  and  sand  are  used  as  in  the 
polishing  of  marble;  aud,  lastly,  Tripoli  stone,  smalt,  and 
emery,  to  give  it  lustre. 

We  must  go  a little  more  into  the  detail  of  this  art.  Fig.  2 
represents  the  casting  furnace  with  its  melting  pot,  &r.  A is 
is  the  bocca.  or  mouth  of  the  furnace ; B the  cistern  that  con- 
veys the  liquid  glass  out  of  the  melting  pots  in  the  furnace  to 
the  casting  table  D.  This  cistern  is  brought  out  of  the  furnace 
by  means  of  the  iron  chain  snspended  on  the  book  over  tho 
bocca.  The  cistern  thus  placed  on  its  carriage,  and  moved 
over  the  table,  the  bottom,  which  is  moveable,  is  slipped  off  the 
torrent  of  liquid  (laming  matter,  and  Hows  over  the  surface  of  the 
table,  where  it  is  ruled  to  its  proper  thickness  and  dimension 
by  the  rulers  EE,  and  the  roller  F in  the  workman’s  hands. 
Tbc  cisterns  remain  six  hours  in  the  furnace ; the  metal  is 
melted  in  about  24  hours.  The  glass  is  now  to  be  ground, 
polished,  and  foliated. 

Grinding  and  Polishing,  fig.  3,  gives  plate  glass  a fine  lustre. 
The  grinder  takes  it  rough  out  of  the  hands  of  the  caster,  and 
laying  it  upon  a stone  tabic,  to  which  it  is  fixed  with  stucco,  he 
lays  another  rough  glass,  half  the  size  of  tho  former,  upon  it. 
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To  the  smaller  glass  a plank  is  fustenrd  by  means  of  stucco, 
and  to  the  whole  a wheel  B,  made  of  hard  light  wood,  about 
six  Inches  in  diameter.  I»v  pulling  of  which  from  side  to  side, 
and  from  end  to  end  of  the  glass,  a constant  attrition  is  kept 
up;  and  by  allowing  water  and  tine  sand  to  pass  between  the 
olates,  the  whole  is  very  finely  polished ; but  to  give  the  finish, 
iug  polish,  powder  of  smalt  is  used.  As  the  upper  glass  grows 
smoother  it  is  taken  away  and  a rougher  one  substituted  in  its 
stead,  and  so  on  till  the  work  is  done.  Except  in  the  very 
largest  plates,  the  workmen  polish  their  glass  by  means  of  a 
plank  having  four  wooden  handles  to  move  it;  and  to  this 
plank  a plate  of  glass  is  cemented,  as  above. 

Achromatic  Flint  Glass.  The  important  discovery  of  M. 
Guinaud  in  the  manufacture  of  Hint  glass  for  large  telescopes, 
shall  close  our  article  upon  Glass.  The  excise  laws  of  Eng- 
land have  prevented  our  artists  from  attempting  to  melt  glass 
on  a proper  scale  for  making  lenses  for  achromatic  telescopes ; 
but  in  France,  where  no  such  restrictions  exist,  numerous 
attempts  have  been  made  to  perfect  the  manufacture  of  (lint 
glass  for  optical  purposes ; and  M.  Guinaud’s  labours  have 
been  finally  crowned  with  complete  success.  The  almost  total 
impossibility  of  procuring  flint  glass  exempt  from  striie,  sug- 
gested to  this  artist  the  construction  of  a furnace  capable  of 
melting  two  hundred  weight  of  glass  in  one  mass,  which  ho 
sawed  vertically,  and  polished  one  of  the  sections,  in  order  to 
observe  what  had  taken  place  during  fusion.  lie  discovered 
his  metal  to  be  vitiated  by  striae,  specks  or  grains  with  coroctic 
tails,  and  from  time  to  time  as  lie  obtained  blocks  including 
portions  of  good  glass,  bis  practice  was  to  separate  them  by 
sawing  the  blocks  into  horizontal  sections,  or  perpendicular  to 
their  axis.  A fortunate  accident  conducted  him  to  a better 
process.  While  his  men  were  one  day  carrying  a block  of  this 
glass  on  a hand-barrow  to  a saw-mill  which  he  had  erected  at 
the  fall  of  the  Doubs,  the  mass  slipped  from  its  bearers,  and 
rolling  to  the  bottom  of  a steep  and  rocky  declivity,  was  broken 
to  piceeai.  M.  Guinaud  was  at  first  grieved  at  this  misfortune, 
but  having  selected  those  fragments  which  appeared  perfectly 
homogeneous,  he  softened  them  in  circular  moulds,  in  such  a 
manner,  that  on  cooling  he  obtained  disks  that  were  after- 
wards fit  for  working.  To  (his  method  he  adhered,  and  con- 
trived a way  of  clearing  his  glass  while  cooling,  so  that  the 
fractures  should  follow  the  most  faulty  parts-  When  flaws 
occur  iu  the  large  masses,  he  removes  them  by  cleaving  the 
pieces  with  wedges;  lie  then  melts  them  again  in  moulds, 
which  give  them  the  form  of  disks,  taking  care  to  allow  a little 
of  the  glass  to  project  bey  ond  one  of  the  points  of  the  edge,  so 
that  the  optician  may  be  enabled  to  use  that  portion  of  glass 
in  making  a prism,  which  shall  give  the  measure  of  the  index 
of  refraction,  and  thus  obviate  the  necessity  of  cutting  the  lens. 
The  Astronomical  Society  of  London  have  tried  disks  of 
M.  Guinaud'*  flint  achromatic  glass,  which  seems  entirely  homo- 
geneous. and  exempt  from  fault.  This  material,  Mr.  Tully,  a 
very  able  optician  in  London,  considers  different  from  our 
English  flint  glass,  as  it  grinds  and  polishes  much  easier. 

Glass,  the  usual  appellation  for  a telescope.  Night-Glass, 
a telescope  made  for  viewing  objeets  at  night. 

Half-hour-GLMS,  frequently  called  the  Watch-Glass,  is  used 
to  measure  the  time  which  each  watch  has  to  stay  upon  deck. 
Half-minute  and  Quarter-minutc-Glasses,  are  used  to  ascertain 
the  rate  of  a ship’s  velocity,  measured  by  the  log ; these  glasses 
should  he  frequently  compared  with  a good  stop  watch,  to 
determine  exactly  how  many  seconds  they  run.  To  Flog  or 
Sweat  the  Glass , is  to  torn  it  before  the  sand  has  quite  run  out, 
and  thereby  gaining  a few  minutes  in  each  half  hour,  make  the 
watch  too  short.  Glass  ia  used  in  the  plural,  to  denote  the 
duration  of  any  action ; as,  they  fought  yard-arm  and  yard-arm 
three  glasses,  i.  e.  three  half-hours,  or  an  hour  and  a half. 

GLAUCOMA,  in  Surgery,  a disease  in  the  eye,  by  which  the 
crystalline  humour  turns  bluish,  and  its  transparency  diminish- 
es, so  that  all  objects  appear  to  the  patient  as  through  a cloud 
or  mist ; but  when  the  disorder  has  reached  its  height,  the 
visual  rays  arc  all  intercepted,  and  blindness  follows,  espe- 
cially in  aged  persons.  The  applications  are  those  used 
iutcrnalhr  in  the  <r*tta  serma. 

GLAZIER’S  vice,  a machine  for  drawing  window  lead, 
nod  may  be  thus  described.  P G,  Q H,  are  two  axles,  running 


in  the  frame  KL,  ML.  CD.  arc  two  wheels  of  iron,  case- 
hardened,  1J  inch  broad,  and  of  the  thickness  of  a pane  of 
glass ; these  wheels  arc  fixed  to  the  axles,  and  run  very  near 
one  another,  their  distance  not  exceeding  ^ of  an  inch : across 
their  edges  several  nicks  aro  cut.  the  better  to  draw  the  lead 
through.  E,  F,  are  two  pinions,  each  of  twelve  leaves,  turning 
one  another,  and  going  upon  the  ends  of  the  axles,  which  are 
square,  being  kept  fast  there  by  the  nuts  P Q,  which  are 
screwed  fast  with  a key.  A B,  arc  two  checks  of  iron,  case- 
hardened.  and  fixed  on  each  side  to  the  case  with  screws  ; these 
arc  cut  with  an  opening  where  the  (wo  wheels  meet,  and  set  so 
near  to  (he  wheels  as  to  leave  a space  equal  to  the  thickness  of 


the  lead  ; so  that  between  the  wheel*  and  the  cheeks  there  is 
left  a hole  of  the  form  represented  at  N,  which  is  the  shape  of 
the  lead  when  cut  through.  The  frame  KLM  L is  held  toge- 
ther by  cross  bars  passing  through  the  sides,  and  screwed  on ; 
and  a ’cover  is  put  over  the  machine  to  exclude  the  dust.  The 
whole  is  screwed  down  fast  to  a bench  by  screw  nails  LL 
When  the  vice  is  used,  the  lead  to  be  drawu  is  first  oast  in 
moulds,  into  pieces  a foot  long,  with  a gutter  on  each  side.  One 
of  these  pieces  is  taken,  and  an  end  of  it  sharpened  a little 
with  a knife  ; then,  being  put  into  the  hole  between  the  wheels, 
by  turning  the  handle  I the  lead  is  drawn  through  the  vice,  and 
receive*  the  form  designed. 

GLOBE,  in  Geometry,  a round  solid  body,  which  may  be 
conceived  to  he  geoerated  by  the  revolution  of  a semicircle 
about  its  diameter.  See  Spherr. 

Globe,  or  Artificial  Globe,  in  Geography  and  Astronomy,  is 
more  particularly  used  to  denote  a globe  of  metal,  plaster, 
paper,  pasteboard,  fee. ; on  the  surface  of  which  is  drawn  a 
map,  or  representation  of  either  the  heavens  or  the  earth,  with 
the  several  circles  which  are  conceived  upon  them:  the  former 
being  called  the  Terrestrial  Globe,  and  the  latter  the  Celestial  Globe. 

The  Terrestrial  Globe.  (See  Plate.) — The  terrestrial 
globe  is  an  artificial  representation  of  the  earth,  which  wc  have 
already  described.  The  diurnal  motion  of  this  globe  is  from 
west  to  east. 

The  Celestial  Globe  is  an  inverted  representation  of  the 
heavens,  on  which  the  stars  arc  marked  according  to  their 
several  situations.  The  diurnal  motion  of  this  globe  is  from 
east  to  west,  to  represent  the  apparent  dinrnal  motion  of  the 
sun  and  stars.  The  eye  is  supposed  to  be  placed  in  the  centre 
of  this  globe,  hut  in  fact  it  is  beyond  the  stars. 

The  Axis  of  the  earth,  fig.  2,  is  an  imaginary  line.  A B 
passing  through  its  centre  ; and  the  wire  on  which  the  artificial 
globe  turns  represents  this  lino. 

The  Poles  of  the  earth  arc  the  extremities  of  this  axis  ; that 
on  the  north  is  called  the  Arctic,  that  on  the  south  the 
Antarctic  pole.  The  celestial  poles  are  imaginary  points  iu 
the  heavens,  exactly  above  the  terrestrial  notes. 

The  brazen  Meridian,  A E,  fig.  6,  the  circle  in  which  the  artifi- 
cial globe  turns,  divided  into  360  degrees.  Every  circle  is  sup- 
posed to  be  divided  into  360  equal  parts,  called  degrees,  each 
degree  into  sixty  cquAl  parts  called  minutes,  each  minute  into 
sixty  equal  parts  called  seconds,  &c. ; a degree  is  therefore 
only  a relative  idea,  and  not  an  absolute  quantity,  except  wbeu 
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applied  to  a great  circle  of  the  earth,  as  to  the  equator  or  to  a 
meridian,  in  which  eases  it  is  sixty  geographical  miles,  or  09$ 
English  miles.  A degree  of  a great  circle  in  the  heavens  is  a 
space  nearly  equal  to  twice  the  apparent  diameter  of  the  sun  ; 
or  to  twice  that  of  the  moon  w hen  considerably  elevated  above 
the  horizon.  Degrees  are  marked  with  a small  cipher,  miuutes 
with  one  dash,  seconds  with  two,  thirds  with  three,  Ac.  Thus, 
26°  14'  22*  36*',  are  read  25  degrees,  14  minutes,  22  seconds, 
35  thirds. 

In  the  upper  semicircle  of  the  brass  meridian,  fig-  0,  these 
degrees  arc  numbered  10,  20.  kc.  to  90.  • from  the  equator 
towards  the  poles,  and  are  used  for  finding  the  latitudes  of 
places.  On  the  lower  semicircle  of  the  brass  meridian  they  are 
numbered  10,20,  &c.  to  90  from  the  poles  towards  the  equator, 
and  are  used  in  the  elevation  of  the  poles. 

Great  Circles,  as  the  equator,  ecliptic,  and  the  colures,  divide 
the  globe  into  two  equal  parts.  See  lip-  2. 

Small  Circles,  as  the  tropics,  polar  circles,  parallels  of  lati- 
tude, &c.  divide  the  globe  into  two  unequal  parts.  Fig-  2. 

Meridians,  or  lines  of  longitude,  are  semicircles,  extending 
Iron)  the  north  to  the  south  pole,  and  cutting  the  equator  at 
right  angles.  Every  place  upon  the  globe  is  supposed  to  have 
a meridian  passing  through  it.  though  there  be  only  twenty- 
four  drawn  upon  the  terrestrial  globe;  the  deficiency  is  sup- 
plied by  the  brass  meridian.  When  the  sun  comes  to  the 
meridian  of  any  place  (not  within  the  polar  circles)  it  is  noon 
or  mid-day  at  that  place.  Figs.  3,  4,  and  5. 

The  First  Meridian  is  that  from  which  geographers  begin  to 
reckon  the  longitudes  of  places.  In  English  maps  and  globes 
the  first  meridian  is  a semicircle  supposed  to  pass  through 
London,  or  the  royal  observatory  at  Greenwich. 

The  Equator,  a great  circle  of  the  earth,  equidistant  from  the 
poles,  divides  the  globe  into  two  hemispheres,  northern  and 
southern.  The  latitudes  of  places  are  reckoned  from  the  equa- 
tor. northward  aud  southward,  and  Uie  longitudes  are  reckoned 
upon  it  eastward  and  westward.  The  equator,  when  referred 
to  the  heavens,  is  called  the  equinoctial,  because  when  the  sun 
appears  in  it,  the  days  and  nights  aie  equal  all  over  the  world, 
rir.  twelve  hoars  each.  The  declination  of  the  sun,  stars,  and 
planets,  are  counted  from  the  equinoctial  northward  and  south- 
ward ; and  their  right  ascensions  are  reckoned  upon  it  east- 
ward round  the  celestial  globe  from  0 to  300  degrees.  Fig.  3- 
The  Ecliptic  is  a great  circle  in  which  the  sun  makes  his 
apparent  annual  progress  among  the  fixed  stars.  It  is  the  real 
path  of  the  earth  round  the  sun.  The  intersection  at  23°  2s'  is 
called  the  equinoctial  points ; the  ecliptic  is  situated  in  the 
middle  of  the  zodiac.  The  apparent  path  of  the  sun  is  either 
in  the  equinoctial  or  in  lines  nearly  parallel  to  it,  and  his 
apparent  annual  path  may  be  traced  iu  the  heavens,  by  observ- 
ing what  particular  constellation  in  the  zodiac  is  on  the  meri- 
dian at  midnight;  the  opposite  constellation  will  shew,  very 
nearly,  the  sun's  place  at  noon  on  the  same  day.  Figs.  1 and  2. 

The  Zodiac  on  the  celestial  globe  is  a space  which  extends 
about  8°  on  either  side  of  the  ecliptic.  Within  this  belt  the 
motions  of  the  planets  arc  performed.  Fig.  1. 

Signs  of  the  Zodiac.  The  ecliptic  and  zodiac  are  divided 
into  twelve  equal  parts,  called  signs,  each  containing  30* ; and 
the  sun  makes  his  apparent  annual  progress  through  the  ecliptic 
at  the  rale  of  nearly  a degree  in  a day.  The  names  of  the  signs, 
and  the  days  on  which  the  sun  enters  them,  are  as  follow: 

SPRING  SIGNS.  SUMMER  SIGNS. 

tp  Aria,  the  Ram,  21st  of  © Canter,  the  Crab,  21st  of 
March.  June. 

8 Taurus,  the  Bull,  19ih  of  & hem,  the  Lion,  22d  of 
April.  i July, 

n Gemini,  the  Twins,  20th  of  nj;  Virgo,  tlic  Virgin,  22d  of 
May.  1 August. 

All  northward  of  the  equator. 

AUTUMNAL  SIGNS.  WINTER  SION'S. 

Libra . the  Balance,  23d  of  yf  Cnm-ieornw,  the  Goat,  21st 
September.  of  December. 

v\  Scorpio,  the  Scorpion,  23d  A nuarius,  the  Watcrbearcr, 

of  October.  20th  of  J anua n . 

f Sagittarius,  the  Archer, 22d  K Pisces,  the  Fishes,  19th  of 
of  November.  February. 

These  are  called  southern  signs*  being  all  south  of  the  equator. 

41. 


The  Colures,  two  great  circle*  passing  through  the  points 
Aries  and  Libra,  and  the  poles  of  the  vroild;  Cancer  and  Ca- 
pricorn, and  the  poles  of  the  world,  have  their  uses  in  in een fi- 
nical geography.  Ill  at  passing  through  Aries  and  Libra,  is 
called  the  equinoctial  colure  ; that  passing  through  Cancer  and 
Capricorn,  the  solstitial  colurr.  Fig.  1. 

The  Tiopics  arc  two  smaller  circles,  each  23*28' from  the 
equator,  with  which  they  are  parallel ; tho  northern  is  called 
the  Tropic  of  Cancer,  the  southern  the  Tropic  of  Capricorn. 
The  tropics  are  the  limits  of  the  torrid  zone,  northwutd  nnd 
southward;  and  within  these  boundaries  alone  is  the  sun  ever 
seen  vertical.  Figs.  I and  2. 

The  Polar  Circles  are  two  small  circles,  parallel  to  the  equa- 
tor for  equinoctial),  at  the  distance  of  (g5*  from  it,  and 
23'  2t»'  from  the  poles.  The  northern  is  called  the  Arctic,  the 
southern  the  Antarctic  circle.  Figs.  1 and  2. 

Parallels  of  Latitude  arc  small  circles  drawn  through  every 
ten  degrees  of  latitude,  ou  the  terrestrial  globe,  parallel  to  the 
equator.  Every  place  on  the  globe  is  supposed  to  have  a 
paralle  l of  latitude  drawn  through  it,  (hough  there  arc  generally 
only  16  parallels  of  latitude  drawn  ou  the  terrestrial  globe. 

The  Hour  Circle  on  the  artificial  globes  is  a small  circle  of 
brass,  with  an  index  or  pointer  fixed  to  the  north  pole.  The 
hour  circle  is  divided  into  twenty-four  equal  parts,  correspond- 
ing to  the  hours  of  the  day ; and  these  arc  again  subdivided 
into  halves  and  quarters.  Fig*.  6 and  7. 

The  Horizon  is  a great  circle  which  separates  the  visible 
half  of  the  heavens  from  the  invisible;  the  earth  being  consi- 
dered as  a point  in  the  centre  of  the  sphere  of  the  fixed  stars. 
Horizon,  when  applied  to  the  earth,  is  either  sensible  or 
rational.  Figs.  1,  2.  6.  and  7- 

The  Sensible,  or  Visible  Horizon,  is  the  circle  which  bounds 
our  view,  where  the  sky  appears  to  touch  the  earth  or  sea. 
The  sensible  horizon  extends  only  a few  miles;  for  example, 
if  a man  of  six  feet  high  were  to  stand  on  a large  plane,  or  on 
the  surface  of  the  sea  ; tlic  utmost  extent  of  his  view,  upon  the 
earth  or  the  sea,  would  be  only  a very  few  miles. 

The  Rational,  or  true  Horizon,  is  an  imaginary  plane,  pass- 
ing through  the  centre  of  the  earth  parallel  to  the  sensible 
horizon.  It  determines  the  rising  bud  setting  of  the  sun, 
stars,  and  planets.  Figs.  I nnd  2. 

The  Wooden  Horizon.  B C,  circumscribing  the  artificial 
globe,  represents  the  rational  horizon  on  the  Earth.  This  hori- 
zon is  divided  into  several  concentric  circles,  arranged  in  the 
following  order:  One  contains  the  thirty-two  points  of  tho 

compass,  divided  into  half  and  quarter  point*.  The  degrees  in 
each  point  are  to  he  found  iu  the  amplitude  circle.  Another 
contains  the  twelve  signs  of  the  zodiac,  with  the  figure  and 
character  of  each  sign  ; and  auother  contains  the  days  of  tho 
month  answering  to  each  degree  or  the  sun's  place  in  the 
ecliptic,  and  the  twelve  calendar  months. 

The  Cardinal  Points  of  the  horizon  arc  east,  west,  north,  ami 
south.  The  Cardinal  Points  in  the  heavens  arc  the  zenith,  the 
nadir,  and  the  points  where  the  sun  rises  and  sets.  The  Car- 
dinal Points  of  the  ecliptic  arc  the  equinoctial  and  solstitial 
points,  Which  mark  out  the  four  seasons  of  the  year;  and  the 
cardinal  signs  are— 

Aries,  =3  Cancer,  Libra,  nnd  yf  Capricorn. 

Tho  Zenith  is  a point  in  the  heavens  exactly  over  head,  and 
is  the  elevated  pole  of  our  horizon.  Fig.  2. 

The  Nadir  is  a point  in  the  heavens  exactly  under  our  feet, 
being  the  depressed  pole  of  our  horizon,  and  the  zenith,  or  ele- 
vated pole,  of  the  horizon  of  our  antipodes.  Fig.  2. 

The  Pole  of  any  circle  is  a point  on  the  surface  of  tho  globe, 
ninety  degrees  distant  from  every  part  of  the  circle  of  which  it 
is  the  pole.  Thus  tho  poles  of  the  world  are  ninety  degrees 
from  every  part  of  the  equator  ; the  poles  of  the  ecliptic  (on  the 
celcstial.globc)  are  ninety  degrees  from  every  part  of  the  eclip- 
tic, and  23*  28*  from  the  poles  of  the  equinoctial,  consequently 
they  are  situated  in  the  arctic  and  antarctic  circles.  Every 
circle  on  the  globe,  whether  real  or  imaginary,  has  two  poles 
diametrically  opposite  to  each  other.  Figs.  I and  2. 

The  Equinoctial  Points  arc  Aries  and  Libra,  where  the 
ecliptic  cuts  the  equinoctial.  The  point  Aries  is  called  the 
vernal  equinox,  and  the  point  Libra  the  autumnal  equinox. 
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When  tlio  sun  i»  in  cither  of  these  points,  the  days  and  nights 
on  every  part  of  the  globe  are  equal  to  each  other. 

The  Solstitial  Points  arc  Cancer  and  Capricorn.  When  the 
sun  enters  Cancer,  it  is  the  longest  day  to  oil  the  inhabitants  on 
the  not  lit  side  of  the  equator,  and  the  shortest  day  to  those  on 
the  south  side.  When  the  sun  enters  Capricorn,  it  is  the 
shortest  day  to  those  who  live  in  north  latitude,  and  the  longest 
day  to  those  who  live  in  south  latitude. 

An  Hemisphere  is  half  the  surface  of  the  globe ; for  every 
reat  circle  divides  the  glolie  into  two  hemispheres.  The 
orizon  divides  the  upper  from  the  lower  hemisphere  in  the 
heavens  ; the  equator  separates  the  northern  from  the  southern 
on  the  earth  ; ami  the  brass  meridian,  standing  over  any  place 
on  the  terrestrial  globe,  divides  the  eastern  from  the  western 
hemisphere.  See  figs.  2.  3,  4.  and  5. 

The  Mariner's  Compass  is  a representation  of  the  horizon, 
and  by  seamen  it  is  used  to  direct  and  ascertain  the  course  of 
their  ships.  It  consists  of  a circular  brass  box,  which  contains 
a paper  card,  divided  into  thirty-two  equal  parts,  and  fixed  on 
a magnetics!  needle  that  always  turns  towards  the  north. 
Each  point  of  the  compass  contains  11°  16'.  nr  Hi  degrees, 
being  the  3Sd  part  of  3GU  degrees.  See  COMPASS. 

T no  Variation  of  the  Compass  is  the  deviation  of  its  points 
from  the  corresponding  points  in  tho  heavens.  When  the 
north  point  of  the  compass  is  to  the  east  of  the  true  north  point 
of  the  horizon,  the  variation  is  cast;  if  it  lie  to  the  west,  the 
variation  is  west.  The  compass  is  used  for  settiug  the  artificial 
globe  north  and  south ; hut  care  must  be  Liken  to  make  a 
proper  allowance  for  the  variation. 

The  Latitude  of  a place,  on  the  terrestrial  globe,  is  its  dis- 
tance from  the  equator  In  degrees,  minutes,  or  geographical 
miles,  &cc.  and  is  reckoned  on  the  brass  meridian,  from  the 
equator  towards  the  north  or  south  pole.  See  Latitude. 

The  Quadrant  of  Altitude,  E,  fig.  G,  a thin  piece  of  brass 
divided  upwards  from  0 to  90  degrees,  downwards  from  0 to 
IP  degrees;  when  used,  it  is  generally  screwed  to  the  brass 
Meridian.  The  upper  divisions  determine  the  distances  of 
rl.rccs  on  the  earth,  the  distances  of  the  celestial  bodies,  their 
latitudes,  &c. ; and  the  lower  divisions  are  applied  to  finding 
the  beginning,  the  end,  and  duration  of  tw  ilight. 

The  Longitude  of  a place  on  the  terrestrial  globe,  is  the  dis- 
tance of  (he  meridian  of  that  place  from  the  fiist  meridian, 
reckoned  in  degrees,  and  parts  of  a degree,  on  the  cquatcr. 
Longitude  is  either  eastward  or  westward,  according  as  a 
placets  to  the  east  or  west  of  the  first  meridian.  No  place  can 
have  more  than  1 degrees,  or  half  the  circumference  of  the 
globe.  See  LamiTUDE. 

Hour  Circles,  are  the  the  same  as  meridians.  They  arc 
drawn  through  every  fifteen  degrees  of  the  equator,  each 
answering  to  an  hour.  The  brass  meridian  and  these  circles 
always  correspond. 

A Parallel  Sphere,  fig.  4,  Is  represented  truly  when  the  equator 
and  rational  horizon  correspond.  The  poles  are  perpendicular 
to  the  horizon.  A Direct  or  Right  Sphere,  fig.  6.  is  the  reverse  j 
the  equator  is  at  right  angles  with  the  horizon.  An  Oblique 
Sphere,  fig.  3,  is  that  position  the  earth  has  when  the  latinnal 
horizon  cuts  the  equator  obliquely,  and  hence  it  derives  its 
name.  All  inhabitants  on  the  earth  (except  those  who  live 
exactly  at  the  poles,  or  at  the  equator)  have  this  position  of  the 
sphere.  The  days  and  nights  arc  of  unequal  lengths,  the 
parallels  of  latitude  being  divided  into  unequal  parts  by  the 
horizon. 

Climate,  is  a part  of  the  surface  of  the  earth  contained 
between  two  small  circles  parallel  to  the  equator,  and  of  such 
a breadth,  that  the  longest  day  in  the  parallel  nearest  the  pole, 
exceeds  the  longest  day  in  the  parnllcl  of  latitude  nearest  the 
rquator,  by  half  an  hour,  in  the  torrid  and  temperato  zones,  or 
by  a month  in  the  frigid  zones;  so  that  there  arc  twenty-four 
climates  between  the  equator  and  each  point  circle,  and  six 
< hmates  between  each  polar  circle  and  its  pole. 

A Zone,  is  a portion  of  the  earth's  surface  contained  between 
any  two  circles  parallel  to  the  equator;  and  there  arc  five 
zones.  The  Torrid  Zone,  extending  from  the  tropic  of  Cancer 
to  the  tropic,  of  Capricorn,  is  46°  30'  broad.  This  zone  was 
thought  by  the  ancients  to  be  uninhabited,  because  it  is  con- 
tinually exposed  to  the  direct  rays  of  the  sun ; and  such  parts 


of  the  torrid  zone  as  were  known  to  them  were  sandy  deserts, 
as  the  middle  of  Africa.  Arabia,  &c.  and  these  sandy  deserts 
extended  beyond  the  left  bank  of  the  Indus,  towards  Agimere. 
The  Two  Temperate  Zones.  The  north  temperate  zone  extends 
from  the  tropic  of  Cancer  to  tho  arctic  circle;  and  the  south 
temperate  zone  from  the  tropic  of  Capricorn  to  the  antarctic 
circle.  These  zones  are  each  43°  4'  broad,  and  were  called 
temperate  by  the  ancients,  because  meeting  the  sun's  rays 
obliquely,  they  enjoy  a moderate  degree  of  heat.  The  Two 
Frigid  Zones.  The  north  frigid  zone,  or  rather  segment  of  the 
sphere,  is  bounded  by  the  arctic  circle.  The  north  pole,  which 
is  23°  2 hf  from  the  arctic  circle,  is  situated  in  the  centre  of  this 
zone.  The  south  frigid  zone  is  bounded  by  the  antarotic  circle, 
distant  23°  28'  from  the  south  pole,  which  is  situated  in  the 
centre  of  this  zone.  Nee  fig.  2. 

Amphiscii  are  inhabitants  of  tho  torrid  zone.  They  are  so  called, 
because  their  shadows  fall  north  or  south  at  different  times  of 
the  year.  Hetrroscii  are  the  inhabitants  of  the  temperate 
zones,  because  their  shadows  at  noon  fall  only  one  way.  The 
Pcriscii  are  those  people  who  inhabit  the  frigid  zones.  They 
are  so  called,  because  their  shadows,  during  a revolution  of  the 
earth  on  its  axis,  are  directed  towards  every  point  of  the  com- 
pass. Antoeci  are  those  who  live  in  the  same  degree  of  longi- 
tude, and  in  equal  degrees  of  latitude,  but  the  one  in  north  and 
the  other  in  south  latitude.  Perioeci  are  those  who  live  in  the 
same  latitude,  but  in  opposite  longitudes.  Antipodes  arc  those 
inhabitants  of  the  earth  who  live  diametrically  opposite  to  each 
other,  and  consequently  walk  feet  to  feet. 

The  Crepusculum,  or  Twilight,  is  that  faint  light  which  we 
perceive  before  the  sun  rises,  and  after  he  sets.  It  is  produced 
by  the  rays  of  light  being  refracted  in  their  passage  through 
the  earth’s  atmosphere,  and  reflected  from  the  different  parti- 
cles thereof.  The  twilight  is  supposed  to  end  in  the  evening 
when  the  sun  is  eighteen  degrees  below  the  horizon. 

The  angle  of  position  between  two  places  on  tlie  terrestrial 
globe  is  an  angle  at  the  zenith  of  one  of  the  places,  formed  by 
the  mcridinn  of  that  place,  and  a vertical  circle  passing 
through  the  other  place,  measured  on  the  horizon  from  the 
elevated  pole  towards  the  vertical  circle. 

Rhumbs  are  the  divisions  of  the  horizon  into  thirty-tno 
parts,  called  the  points  of  the  compass. 

Problem  1. — To  find  the  latitude  of  any  place. — Rule.  Turn 
the  globe  till  the  place  comes  to  the  graduated  edge  of  Ihc 
brazen  meridian,  and  the  degree  on  the  meridian  with  which 
the  place  corresponds  is  the  latitude  north  or  south,  as  it  may 
be  north  or  south  of  the  equator. 

Example. — Thus  the  latitude  of  London  is  61  \ north,  and  of 
Lima  12°  I'  south.  What  are  the  latitudes  of  Athens,  Bengal, 
the  Cape  of  Good  Hope.  Cape  Horn,  Constantinople.  Edin- 
burgh, Ispahan,  Madras,  Moscow,  Paris,  Philadelphia,  Prague, 
Stockholm,  and  Vienna!  The  answers  to  these  are  found  from 
the  respective  places  in  the  table  at  the  words  Latitwle  and 
Longitude. 

Problem  2.— To  find  the  longitude  of  any  place.  — Rule.  Turn 
the  globe  till  the  place  comes  to  the  brazen  meridian,  and  the 
degree  on  the  equator  intersected  by  the  brazen  meridian, 
shews  the  longitude  from  London. 

Example. — The  longitude  of  Madras  is  eighty  degrees  east : 
of  Lisbon,  nine  degrees  west.  What  arc  the  longitudes  of 
Amsterdam,  Archangel,  Uabclmandcl,  Bengal,  Dublin,  Gibral- 
tar, Jerusalem,  and  Quebec! 

Problem  3 .—To  find  any  place  on  the  globe,  having  the  latitude 
and  Longitude  of  that  place  given.— Rule.  Find  the  longitude  of 
the  given  place  on  the  equator,  bring  it  to  that  part  of  the 
brass  meridian  which  is  numbered  from  the  equator  towards 
the  poles;  and  then  under  the  given  latitude,  on  the  brass 
meridian,  you  will  find  the  place  required. 

Example.— 1.  What  place  lias  1314°  cast  longitude,  and 
34°  south  latitude!  Anew.  Botany  Bay. 

Problem  4 .—To  find  the  difference  of  latitude  of  any  tiro  places. 
— Rule.  If  the  places  arc  in  the  same  hemisphere,*  bring  each 
to  the  meridian,  and  subtract  the  latitude  of  the  one  from  that 
of  the  other;  if  in  diflcient  hemispheres,  add  the  latitude  of 
the  one  to  that  of  the  other,  and  the  sum  will  shew  tho  diffe- 
rence of  latitude. 
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Example*.— 1.  What  is  the  difference  of  latitude  between 
Philadelphia  and  Petersburg*  Answ.  Twenty  degrees. 

2.  What  is  the  difference  of  latitude  between  Madrid  and 
Buenos  Ayres?  Arts.  Seventy-fire  degree*. 

Problem  5. — To  find  the  difference  of  longitude  between  any  two 
places.  — Rule.  Bring  one  of  the  place*  to  the  brazen  meridian, 
mark  its  longitude;  then  bring  the  other  place  to  the  meridian, 
and  the  number  of  degrees  between  its  longitude  and  that  of 
the  first  mark  is  the  difference  of  longitude.  When  this  sum 
exceeds  1*0  degrees,  take  from  it  300,  and  the  remainder  will 
he  the  difference  of  longitude. 

Examples.— 1.  What  is  the  difference  of  longitude  between 
Barbadocs  and  Cape  Vcrd?  Anew.  41°  4#. 

2.  Wbut  is  the  difference  of  longitude  between  Buenos  Ayres 
and  the  Cape  of  Good  Hope  ? Anew.  76°  50'. 

3.  What  is  the  difference  of  longitude  between  Botany  Bay 
and  Owhyhee?  Antw.  6c2°  4<V,  or  52 J*. 

Problem  6- — To Jind  the  distance  between  two  placet. — Rnle. 
When  the  distance  is  less  than  00,  lay  the  quadrant  of  altitude 
over  both  the  places,  so  that  the  division  marked  O may  be  on 
one  of  the  places];  then  the  degree  cut  by  the  other  place  will  shew 
the  distance  in  degrees.  Multiply  these  degrees  by  69J,  and 
the  product  will  be  the  distance  in  English  miles.  The  dis- 
tance between  two  places,  with  the  angle  of  position,  may  be 
found,  at  the  same  time,  in  the  following  manner: — 1.  Elevate 
the  globe  for  one  of  the  places,  bring  it  to  the  meridian,  screw 
the  quadrant  of  altitude  over  it ; then  move  the  quadrant  till  it 
conic  over  the  other  place,  and  observe  what  degree  of  it  this 
last  place  cuts.  Subtract  this  distance  from  DO  and  the 
remainder  will  be  the  distance  in  degrees.  The  qundrnnt  of 
altitude,  on  the  horizon,  will  now  shew  the  angle  of  position. 

When  the  distance  is  greater  than  iX),  find  the  antipodes  of 
one  of  the  places,  and  measure  the  distance  between  this  and 
the  other  place  with  the  quadrant  of  altitude.  Subtract  this  dis- 
tance from  180,  and  the  remainder  will  be  the  whole  distance 
required. 

When  the  angle  of  position  it  required,  this  case  may  be  per- 
formed thus:  I.  Elevate  the  globe  for  the  an  podcs  of  one  of 
the  places,  and  having  fixed  the  quadrant  over  it.  bring  its 
edge  over  the  other  place,  and  add  the  degree  cut  by  it  to  90, 
und  the  sum  will  be  the  distance  required.  2.  The  quadrant 
will  shew  the  position  ; only,  W.  must  be  read  for  E. ; E.  for  W. ; 
N.  for  S. ; and  S for  N.  3.  What  is  the  distance  between 
London  and  Botany  Bay  ? 

164  distance  in  degrees.  164  distance  in  decrees. 

GO  G9\ 

0240  geographical  miles.  77 

1386 
| 994 

10703  English  miles. 

Problem 7. — The  hour  being  given  at  anyplace,  to  find  what 
hour  it  it  in  any  other  part  of  the  world.—  Rule.  Bring  the  place 
at  which  the  time  is  given  to  the  meridian,  set  the  index  to  ‘lie 
given  hour,  then  turn  the  globe  till  the  other  place  comes  to 
the  meridian,  and  the  index  will  shew  the  time  required. 

Obi.  The  earth  turns  tound  on  its  axis  from  the  west  towards 
the  east,  and  causes  n different  part  of  its  surface  to  be  suc- 
cessively presented  to  the  sun.  When  the  meridian  of  any 
place  is  directly  opposite  to  the  sun,  it  i*  then  noon  to  all  places 
on  that  meridian.  Meridians  towards  the  cast  come  opposite 
to  the  sun  sooner  than  those  towards  the  west;  and  hence  the  peo- 
ple there  have  uoon  much  sooner,  and  all  the  other  hours  of  the 
day  will  be  proportionality  advanced.  The  earth  takes  24  hours 
to  turn  on  its  axis,  and  tbc  rate  at  which  it  turns  every  hour 


may  be  found,  by  dividing  369*  by  24  ; the  quolient.  16,  is  (he 
number  of  degrees  the  earth  turns  in  an  hour.  I Icnre  It  is  that 
a place  lying  16*  to  the  cast  of  another,  will  have  noon 
one  hour  sooner;  if  it  is  30°  or  46*,  it  will  have  noon  two  or 
three  hours  sooner  than  the  other  ; and  so  on  in  the  same  pro- 
portion for  all  places  further  removed.  Places  tint  lie  16*.  30*, 
or  46*,  to  the  west  of  that  place  at  which  it  is  noon,  will  have 
noon  one,  two,  or  three  hours  later ; and  so  on  in  the  samo 
proportion. 

Question  for  Exercise. — What  is  the  hour  at  Pekin,  when  i* 
is9a.rn.at  Lisbon?  Answ.  Twenty-two  minutes  after  5p.  m. 

Calculation . — The  difference  of  longitude  is  126*  33*  — 8 
hours  22  minutes ; and,  as  Pekin  is  cast  of  Lisbon,  this  must 
be  added. 

9 hours  0 minutes,  a.  m,  given  hour  at  Lisbon. 

8 22  difference  of  time  between  the  places. 

17  22 

12  0 subtracted. 

Ansu\  6 hours  22  minutes  p.  m. 

Problem  8. — To  adjust  the  globe  for  the  latitude , zenith,  anti 
sun’s  place. — Rule.  For  the  latitude:  elevate  the  pole  above  the 
horizon  according  to  the  latitude  of  the  place,  nnd  the  globe 
will  be  adjusted  for  the  latitude.  For  the  xenith:  screw  the 
quadrant  of  altitude  on  the  meridian  at  the  given  degree  of 
latitude,  counting  from  tbo  equator  towards  the  elevated  pole, 
and  the  globe  will  be  rectified  for  the  zenith.  For  the  sun’s 
place:*  find  the  sun’s  place  on  the  horizon,  nnd  thrn  bring  the 
place  which  corresponds  thereto,  found  on  the  ecliptic,  to  the 
meridian,  and  sot  the  hour-index  to  twclvo  at  noon,  then  will 
the  globe  be  adjusted  for  the  sun’s  place. 

Examples. — 1.  Thus  In  rectify  for  the  latitude  of  London  on 
the  10th  of  May.  The  globe  is  so  placed,  that  the  north  pole 
shall  be  6)  degrees  above  the  north  side  of  the  horizon  ; then 
61°  will  be  found  on  the  zenith  of  the  meridian,  on  which  the 
quadrant  must  be  screwed.  On  the  horizon,  the  10th  of  May 
answer*  to  the  20tb  of  Taurus:  find  this  on  tlio  ecliptic,  bring 
it  to  (lie  meridian,  act  tbc  index  to  twelve,  and  the  globe  is 
rectified  for  the  latitude,  zenith,  and  sun's  place,  for  the  10th 
of  May. 

2.  Rectify  the  globe  for  London,  Pelersburgh,  Madras,  and 
Pekin,  for  the  24th  of  February. 

3.  Find  the  same  sign  and  degree  in  the  ecliptic  on  the  sur- 
face of  the  globe,  and  this  is  the  aun’s  place  for  that  day  at 
noon. 

The  sun’s  place,  or,  as  it  is  otherw  ise  termed,  the  ntn’s  longi- 
tude, may  be  found  for  any  day  of  the  year  in  White’s  Ephcme- 
ris,  or  in  the  Naulica  Almanack.  In  White's  Ephcmeris  it  is 
marked  in  the  first  column  of  the  right-hand  page  of  every 
month. 

4.  What  is  the  sun’s  place  for  March  10th?  Anew.  K *-20*  V. 

6.  What  is  the  sun's  place  on  the  4th  of  June?  Answ.  n 

13*  hT. 

Problem  9. — To  Jind  the  ton's  declination — Rule.  Bring  the 
sun's  place  for  the  given  day  to  the  brass  meridian,  and  the 
degree  over  it  will  be  the  declination  sought;  or  bring  the  day 
or  the  month  marked  on  the  analemma,t  to  die  brass  meridian, 
and  the  degree  over  it  will  be  the  declination  as  before.  The 
sun’s  declination  is  given  in  the  table,  page  399,  for  every  day 
in  the  year. 

1.  The  declination  of  the  son  being  its  distance  north  or 
south  from  the  equator,  this  problem  is  exactly  tbe  same  ns 
that  for  finding  the  latitude  of  a place. 

2.  The  greatest  north  declination.  23*28',  is  when  the  sun 
enters  Cancer,  Juno  21  *t,  that  being  the  greatest  distance  of  the 


* Fiwt  tbe  day  of.  the  month  on  the  hnriron,  and  a;ain»t  il,  in  the  •■'joining  the  right-hand  part  begins  nt  tbe  winter  solstice,  or  December  2lal,  and  ia 

aircle.  will  bn  found  the  sign  and  degree  in  wlneli  the  son  is  for  that  day,  reckoned  upwards  towards  the  inmner  solstice,  or  Jane  Slat,  where  the 

* y**®  Analemm*  i*  properly  orthographic  projection  of  the  sphere  on  left-hand  part  begins,  which  ia  reckoned  downwards  in  a similar  manner,  or 

the  plane  of  I he  meridian  ; but  wbat  ia  called  tbo  Analemma  on  tbe  globe  is  towards  the  winter  solstice.  On  Carr 'a  globes  live  Analerama  tome  what 

• narrow  slip  of  pa|K'r,  Inn  length  of  which  ia  equal  to  tbo  breadth  of  the  reierablca  tbe  fywre  8,  ll  appears  to  hart  been  drawn  in  llii*  shape  for  the 

l'»rrid  wn».^  It  i*  panted  un  some  meant  place  on  tbe  globe  in  the  torrid  com  eni-nce  of  shewing  tho  equation  of  time,  by  own  as  of  a straight  line 

zone,  and  ia  divided  i«tO  imnilh*.  and  day*  of  the  month,  corresponding  to  which  |iU>l«  tlironqh  the  middle  of  it.  The  equation  of  tiiuo  ia  placed 

the  ■ dedication  (ox  everj  day  is  the  year.  It  ia  divided  into  two  parts  j on  tbe  horizon  of  Bardin'a  blohca. 
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ecliplic  north  of  the  equator.  The  greatest  south  declination, 
‘2.5*  28?,  is  when  it  enters  Capricorn,  December  ‘2lst,  that  being 
the  greatest  distance  of  the  ecliptic  south  of  the  equator. 

Examples. — 1.  What  is  the  sun's  declination  for  March  loth! 
Anne.  3*  94’  south. 

*2.  Also  for  January  31st  ? Anric.  17*14  south. 

.1.  Also,  1.  April  ‘23d  ? 2.  August  l ‘2th  ! 3.  August  1st!  4. 
March  6th  ? 5.  July  23d!  6.  October  lUlli ! 

Problem  10.  — 'to  rectify  the  globe  Jor  the  suhs  place,  and  day 
of  the  month.  - Find  the  sun’s  declination  for  the  given  day,  by 
the  Inst  problem.  Then,  if  the  declination  he  north,  elevate 
the  north  pole  ns  many  degrees  ns  arc  equal  to  it;  if  south, 
elevate  the  south  pole.  When  the  globo  is  rectified  for  the 
sun's  place,  and  the  sun  brought  to  the  zenith,  the  horizon  will 
be  the  boundary  of  light  and  darkness  ; it  will  therefore  be  day 
with  all  those  places  above  tho  horizon,  and  night  with  all 
those  below  it 

Examples. — 1.  Rectify  the  globe  for  the  sun's  place  on  June 
4th.  Answ.  On  June  4th  the  sun's  declination  is  22 1 0 north  ; 
therefore  the  north  pole  of  the  earth  must  be  elevated  2*24*  above 
the  horizon. 

2.  Elevate  the  globe  for  the  sun's  place  on  October  0th. 
Anew.  The  sun's  declination  on  October  6th  is  5*  south;  hence 
the  south  pole  of  the  earth  must  be  elevated  5*  above  the 
horizon. 

Problem  11. — To  find  the  suns  rising  end  setting  for  a given 
day.  at  a given  place. — Rale.  Elevate  the  globe  for  the  sun's 
declination;  bring  the  given  place  to  the  meridian;  set  the 
index  to  twelve,  and  turn  the  globe  till  the  given  place  comes 
to  the  eastern  edge  of  the  horizon ; then  the  index  will  shew 
the  time  of  tho  sun's  rising.  Next  bring  the  given  place  to  the 
western  edge  of  the  horizon,  and  the  index  will  shew  the  hour 
at  which  the  sun  sets.  If  the  hour  circle  have  a double  row  of 
figures,  make  use  of  that  which  increases  towards  the  east ; the 
sun's  rising  and  setting  may  then  he  found  at  once,  by  bring- 
ing the  place  only  to  the  eastern  edge  of  the  horizon,  for  the 
index  will  point  on  one  row  to  the  hour  of  rising,  and  on  the 
other  t that  which  increases  towards  the  west)  to  the  boor  of 
setting. 

By  this  problem  may  be  found  the  length  of  the  day  and  night — 
Double  the  time  of  the  sun's  setting,  and  it  will  give  the 
length  of  the  day. 

Double  the  time  of  the  son’s  rising,  and  it  will  give  the 
length  of  the  night. 

Examples. — 1.  Required  the  time  of  son-rise  and  sun-set  at 
London  on  the  1st  of  June. 

2.  What  time  does  the  sun  rise  and  set  at  London  on  July 
17tb,  and  what  is  the  length  of  the  day  and  night? 

Problem  12. — A place  being  given  in  the  north  frigid  zone,  to 
find  when  the  sun  begins  to  appear  above  the  horizon,  and  when  to 
disappear;  also  the  length  of  the  longest  day  and  night. — Rule. 
Elevate  the  globe  for  the  latitude ; bring  the  ascending  signs 
to  the  south  point  of  the  horizon  ; observe  what  degree  of  the 
ecliptic  is  cut  by  that  point;  find  on  the  calendar,  the  day  of 
the  month  answering  to  that  degree  ; and  this  will  be  the  time 
of  the  sun's  beginning  to  appear  above  the  horizon  at  the  given 
place,  w hich  is  the  end  of  the  longest  night. 

Bring  the  descending  signs  to  the  sooth  point  of  the  horizon, 
and  the  day  in  the  calendar,  answering  to  the  degree  of  the 
ecliptic  cut  by  this  point,  will  be  that  on  which  the  sun  disap- 
pears ; which  is  the  beginning  of  the  longest  night. 

Bring  the  ascending  signs  to  the  north  point  of  the  horizon, 
and  the  degree  of  the  ecliptic,  indicated  as  above,  will  shew 
when  the  sun  begins  to  shine  continually  ; which  is  the  begin- 
ning of  the  longest  day. 

Bring  the  descending  signs  to  the  same  point,  and  in  the 
same  manner  it  will  be  found  when  the  sun  ceases  to  shine 
continually,  or  the  end  or  the  longest  day. 

From  the  end  of  tho  longest  night  to  the  beginning  of  the 
longest  day,  and  from  tho  end  of  the  longest  day  to  the  begin- 
ning of  the  longest  night,  the  sun  rises  and  sets  daily. 

Examples. — 1.  Whale  Island,  discovered  by  Mackenzie,  lies 
in  latitude  69*  I T norllr.  required  the  time  when  the  sun  first 
appears  abovo  the  horizon,  and  when  it  disappears  ; also  the 
length  of  the  longest  day  and  night  there.  Anew.  90*  O'  — 
GO*  14'  north  ZZ  20*  46*  co-latitude. 


The  two  days  when  the  sun's  declination  Is  20*  46*  south,  (of 
a contrary  name  to  the  latitude,)  arc  January  17th  and  Novem- 
ber 25th  ; on  the  funner  the  sun  first  appears  above  the  hori- 
zon, on  the  latter  it  disappear*.  The  two  days  in  which  the 
sun's  declination  is  20*  46'  north,  (of  the  same  name  with  the 
latitude,)  arc  May  ’24th  and  July  20th  ; the  former  is  the  begin* 
ning,  and  the  lutter  the  ending,  of  the  longest  day.  Hence,  at 
Whale  Island,  the  sun  first  appears  January  17lh,  and  rises 
and  sets  daily  till  May  24th,  a space  of  1*27  days:  it  continues 
above  the  horizon  from  May  24th  to  July  20th  ; therefore  the 
longest  day  there  is  equal  to  fifty -seven  natural  days.  From 
July  20th  it  rises  and  sets  daily  till  November  ‘25th,*  127  days, 
and  never  rises  again  till  January  l?tb;  its  longest  night  is 
therefore  equal  to  lifty-tbree  days. 

‘2.  When  dors  the  sun  begin  to  appear  above  the  horizon  at 
North  Cape,  in  Lapland,  latitude  7*2*  north  ; when  does  it  dis- 
appear ? and  how  many  days  are  the  inhabitants  without  seeing 
the  sun!  Aitrtr.  The  sun  appears  January  26,  and  rises  and 
sets  daily  till  May  15;  after  which  time  it  continues  above  the 
horizon  till  July  20;  then  it  rises  and  sets  daily  till  November 
16,  when  it  entirely  disappears  till  January  26;  the  length  of 
the  longest  night  is  therefore  canal  to  seventy-one  days. 

Problem  13- — To  find  in  what  latitude,  in  the  northfrigid  zone, 
the  sun  begins  to  shine,  without  setting,  on  any  given  day. — Rule. 
Find  the  sun's  declination  on  the  given  day,  subtract  it  from 
IMA  and  the  remainder  will  be  the  latitude  required.  The 
given  day  must  be  between  March  21st  and  June  21  sL  In  the 
same  manner  it  may  he  found  in  what  latitude,  in  the  south 
frigid  zone,  the  sun  begins  to  shine,  without  setting,  on  any 
given  day  between  September  23d  and  December  21st. 

Examples. — I.  In  what  latitude  does  the  sun  begin  to  shine, 
without  setting,  on  April  28d  ? Anew.  77*  31'  north. 

2.  In  what  latitude  dors  the  sun  begin  to  shine,  without 
setting,  May  15th?  Answ.  71*  1*  north. 

Problem  14. — Haring  the  length  of  the  longest  day  in  anyplace, 
to  find  the  latitude  of  that  place. — Rule.  Bring  the  first  of  Cancer 
to  the  meridian,  and  set  the  index  to  twelve.  Then  turn  the 
globe  westward  till  the  index  point  to  the  hoar  of  setting, 
which  is  equal  to  lislf  the  length  of  the  day.  Raise  or  depress 
(he  pole,  till  the  sun's  place  is  exactly  in  the  western  horizon  ; 
then  will  tho  elevation  of  tbo  pole  bo  equal  to  the  latitude  of 
the  place. 

By  this  problem  it  may  be  found  in  what  latitude  any  day 
is  of  a given  length,  by  brioging  the  sun's  place  for  the  ’given 
day  to  the  meridian,  and  proceeding  as  above. 

Examples. — 1.  Iu  what  latitude  is  June  2lst,  sixteen  hours 
long!  Answ.  Latitude 49°  north. 

2.  In  what  latitude  is  June  21st, eighteen  hours  long?  Answ. 
latitude  58|°  north. 

3.  In  what  latitude  is  December  1st,  fourteen  hours  long? 
Answ.  latitude  32° 40'  south. 

Problem  15. — A place  being  given  in  the  torrid  zone,  to  find  two 
days  of  the  year,  when  the  sun  is  vertical  to  that  place. — Rule. 
Bring  the  given  place  to  the  meridian,  find  its  latitude,  which 
mark  ; turn  the  globe  round,  and  observe  the  two  points  of  the 
ecliptic  that  pass  under  this  mark.  Look  upon  the  calendar  for 
the  days  corresponding  to  these  points,  and  these  days  will  be 
the  answer  required. 

Otherwise,  by  the  analemma  drawn  upon  the  globe,  find  the 
latitude  of  the  given  place,  and  bring  the  analemma  to  the 
meridian.  Then  directly  below  this  latitude  will  be  found,  on 
the  analemma,  the  two  days  required. 

Examples.— On  wbat  days  is  the  sun  vertical  to  the  follow- 


ing places! 

1.  Otaheite? Answ.  Jan.  30.  and  Nov.  II. 

2.  Rio  Janeiro T..,, Jan.  2,  aod  Dec.  0. 


Obs  The  first  of  the  above  examples  may  be  performed 
without  the  globe. 

The  latitude  of  Otaheite  is  about  174  south,  in  White’s 
Eplicmeris,  or  in  the  table  of  the  sun’s  declination,  p.  399,  for 
those  two  days  on  which  the  sun's  declination  is  174  south,  and 
they  will  be  found  to  be  about  January  30,  and  November  11. 

This  example  is  proved  thus:  From  November  11th  to 
December  21st,  there  are  forty  days  ; and  from  December  31st 
to  January  30th,  are  forty  days  : hence  tho  number  of  day*  from 
the  time  when  the  sun  is  vertical,  to  the  nearest  solstice,  is 
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equal  to  the  number  of  days  from  that  solstice  to  the  time  I 
when  the  sun  is  again  vertical. 

Problem  1G. — To  find  all  those  places  in  the  torrid  zone  to  ! 
a- Inch  the  tun  is  vertical  on  a given  dag. — Rule.  Find  the  sun’s 
place  for  the  given  day,  bring  it  to  the  meridian,  mark  the 
declination,  and  turn  the  globe  round,  when  all  those  places 
which  pass  under  that  mark  of  the  meridian,  will  have  the  sun 
vertical  on  the  given  day.  By  the  analemma,  bring  the  day  of 
the  month,  marked  upon  the  analemma,  to  the  brazen  meri- 
dian, and  mark  the  declination  ; then  the  places  will  be  found 
as  above. 

Examples. — To  what  places  is  the  sun  vertical  on  November 
10th!— Ansar.  To  Otaheitc,  the  (Ireat  Cyclades,  and  New 
Hebrides,  in  the  South  Sea;  Cape  Grafton,  in  New  South 
Wales;  the  Island  of  Madagascar;  Monomotnpa  and  Mata 
man,  in  Africa ; Punta  Gorda,  in  Brazil  ; and  the  southern 
parts  of  Amazonia  and  Peru,  in  South  America. 

2.  To  what  places  is  the  sun  vertical  on  February  2d.  Anna. 
To  the  same  as  in  the  last  example. 

Problem  17. — The  day,  hour,  and  place , being  given , to  find  at 
what  places  of  the  earth  the  nm  is  then  rising  and  setting,  where 
it  is  noon  and  midnight. — Rule.  Find  the  place  to  which  the  sun 
is  vertical  at  the  given  hour,  bring  the  same  to  tbe  meridian, 
and  adjust  the  globe  to  a latitude  equal  to  the  sun’s  declina- 
tion. Then  to  all  places  uodcr  the  western  side  of  the  horizon  the 
sun  is  rising ; to  those  above  tbe  eastern  horizon  the  son  is  set- 
ting ; to  all  those  under  the  upper  half  of  the  brazen  meridian,  it 
is  noon  ; and  to  all  those  under  the  lower  half,  it  is  midnight. 

Examples. — 1.  When  it  is  fifty-two  minutes  past  four  o’clock 
in  the  morning  at  London,  on  the  fifth  of  March,  find  all  places 
of  the  earth  where  the  sun  is  rising,  setting,  Ac.  Ac.  Answ. 
The  sun’s  declination  will  be  found  to  be  6}°  south  ; therefore, 
elevate  the  south  pole  6}°  above  the  horizon.  The  given  time 
being  seven  hours  eight  minutes  before  noon,  (:=l2h. — 4h.  52m.) 
the  globe  must  be  turned  towards  the  west  tilt  the  index  has 
passed  over  seven  hours  eight  minntes.  Let  tbe  be  be  fixed 
in  this  position  ; then, 

The  ran  is  rising  at  the  western  part  of  the  White’  Sea, 
Petersburg,  the  Morea  in  Turkey,  Ac. 

Setting  at  the  eastern  coast  of  Kamschatka,  Jesus  Island, 
Palmerston  Island,  Ac.  between  tbe  Friendly  and  Society 
Islands. 

Eoon  at  the  lake  Baikal  in  Irkoutsk,  Cochin  China,  Cambodia, 
Sunda  Islands,  Ac. 

Vertical  at  Batavia. 

Morning  twilight  at  Sweden,  part  of  Germany,  the  southern 
purt  of  Italy,  Sicily,  the  western  coast  of  Africa  along  the 
..-Ethiopian  Ocean.  Ac. 

Evening  twilight  at  the  north-west  extremity  of  North  Ame- 
rica, the  &audwich  Islands,  Society  Islands,  Ac. 

Midnight  at  Labrador,  New  York,  western  parts  of  SL  Domin- 
go, Chili,  and  the  western  coast  of  South  America. 

Day  at  the  eastern  part  of  Russia  in  Europe,  Turkey. 
Egypt,  tbe  Cape  of  Good  Hope,  and  all  the  eastern  part  of 
Africa,  almost  tho  whole  of  Asia,  Ac. 

Eight  at  the  whole  of  North  and  South  America,  tbe  western 
part  of  Africa,  the  British  Isles,  France,  Spain,  Portugal,  Ac. 

2.  When  it  is  four  o'clock  in  the  afternoon  at  London  on  the 
25th  of  April,  where  is  the  sun  rising,  setting,  Ac.  Ac.  ? Answ. 
The  sum’s  declination  being  III0  north,  the  north  pole  must  be 
elevated  13°  abovo  the  horizon;  and  as  the  given  time  is  four 
o'clock  in  the  afternoon,  the  globe  must  be  turned  four  hours 
towards  the  east ; when  the  sun  will  be  rising  at  Owhyhee,  Ac. 
setting  at  the  Cape  of  Good  Hope,  Ac. ; it  will  be  noon  at  Bue- 
nos Ayres,  Ac. ; the  sun  will  be  vertical  at  Barbadoes,  and 
following  the  problem,  all  the  other  places  arc  readily  found. 

Problem  18. — To  shew,  by  the  globe,  the  cause  of  day  and  night.— ■ 
The  sun  shines  upon  the  earth,  and  iilumitJates  that  half  only 
which  is  turned  towards  him;  and  the  other  half  is  in  darkness. 

But,  as  tin*  earth  turns  round  on  Its  axis,  from  west  to  cast, 
once  in  tventy-four  hours,  every  meridian  upon  the  earth  will, 
in  that  time,  successively  be  presented  to  the  sun,  and  be 
deprived  of  its  light  again. 

Elevate  the  globe  for  the  son’s  declination,  so  that  the  sun 
may  be  in  the  zenith,  and  the  horizon  will  be  the  terminator, 
or  boundary  circle,  of  light  and  darkness ; that  half  of  the  earth 
42. 


above  the  horizon  enjoys  light,  that  half  below  the  horizon  will 
be  in  darkness. 

Put  a patch  upon  a globe  to  represent  any  place,  turn  the 
globe  round  from  w est  to  cast,  and  when  the  place  comes  to 
the  western  side  of  the  horizon,  the  sun  appears  to  the  in- 
habitants of  that  place  to  be  rising  in  the  cast;  hut  it  is 
more  properly  the  inhabitants  of  that  place  rising  in  the  west. 
Go  on  to  turn  the  globe  round,  and  tho  place  will  ascend 
higher  towards  the  meridian  in  a contrary  direction. 

When  the  place  has  arrived  at  the  meridian  it  will  then 
be  noon  there,  and  the  sun  will  be  at  bis  greatest  altitude  for 
that  day. 

Continue  to  turn  the  globe,  and  (he  place  will  gradually 
recede  from  the  meridian,  ami  decline  towards  the  eastern 
horizon,  w hich  will  cause  the  appearance  of  the  sun  descending 
towards  the  west  When  the  place  has  arrived  at  the  eastern 
horizon,  as  it  is  then  going  below  the  boundary  of  light  and  dark- 
ness, the  sun  will  appear  to  be  setting  in  the  west. 

The  place  being  now  at  a greater  distance  than  90°  from 
that  point  where  the  sun  is  vertical,  is  deprived  of  his  light, 
and  continues  in  darkness  till  hy  the  revolution  of  the  earth 
it  arrives  again  at  the  western  horizon,  when  the  sun  will 
appear  to  rise  as  before. 

The  sun  is  obviously  rising  at  the  same  time  to  all  places  on 
the  western  side  of  tbe  horizon,  and  setting  at  the  same  time 
to  all  places  on  the  eastern  side  of  the  horizon. 

Problem  19. — To  shew,  by  the  globe,  the  cause  of  the  variety  of 
the  seasons. — When  tbe  sun  is  in  the  equator,  the  horizon  will 
represent  the  terminator,  or  boundary  circle  of  light  and  dark- 
ness ; and  the  poles  being  made  to  coincide  with  it,  wr  shall 
have  a fair  representation  of  the  two  seasons,  spring  and 
autumn ; for  its  rays  then  extending  90°  every  way  from  the 
vertical  point,  both  poles  will  be  illuminated. 

When  tbe  son  is  in  the  tropic  of  Cancer,  being  23J°  farther 
to*  the  north  than  before,  his  rays  will  extend  23  J°  beyond  the 
north  pole  on  the  opposite  meridian:  they  will  not,  however, 
reach  the  south  pole  by  23}°,  they  will  extend  to  the  antarctic 
only,  being  90°  distant  from  the  tropic  of  Cancer:  hence,  to 
make  the  horizon  the  terminator  in  this  case,  the  north  pole 
must  be  elevated  231°  above  the  horizon,  and  we  shall  have  the 
summer  season  to  Europeans. 

When  the  sun  is  in  the  tropic  of  Capricorn,  the  reverse  of 
this  takes  place  ; for  the  sun’s  rays  then  extend  23 beyond 
the  south  pole  on  the  opposite  meridian,  and  only  as  far  north 
as  tho  arctic  circle:  hence,  to  make  the  horizon  the  termina- 
tor in  this  case,  the  south  pole  must  be  elevated  23J0  above  the 
horizon,  and  we  shall  have  the  winter  season  to  Europeans. 

The  problems  thus  given  arc  only  to  be  considered  as  speci- 
mens of  what  may  be  performed.  On  tbe  terrestrial  globe 
Butler  describes  fifty-seven,  while  on  the  celestial  sphere  Hie 
number  and  variety  arc  still  much  greater.  Combined  together, 
they  furnish  a source  of  instructive  amusement,  whioli  but  few 
instruments  within  tbe  compass  of  human  invention  can  sur- 
pass. Tho  exercise  is  calculated  to  enlarge  the  mind,  ami 
awaken  it  to  serious  and  rational  contemplations ; and  in  the 
present  day,  to  be  wholly  ignorant  of  their  use,  is  a sure  symp- 
tom of  a defective  education. 

The  first  person  who  constructed  a globe  or  sphere,  is  said 
to  have  been  Ansucimander,  a philosopher  of  Miletus,  the  capi- 
tal of  Ionia,  in  Asia  Minor.  He  was  born  610  years  before 
Christ,  and  is  reputed  to  have  been  tbe  inventor  of  maps  and 
dials.  Since  bis  days,  many  improvements  have  been  made 
in  their  construction  and  appendages,  and  much  room  still 
remains  for  tbe  exercise  of  ingenuity. 

Among  the  remarkable  globes  which  have  appeared,  that  of 
Gottorp  in  the  academy  of  sciences  of  Petersburgh  is  worthy 
of  notice.  This  is  a large  concave  sphere  eleven  feet  in  diame- 
ter, containing  a table,  and  seats  for  twelve  persons,  to  whom 
tbe  inside  surface  represents  the  visible  phenomena  or  tho  hea- 
vens. The  stars  are  distinguished  by  gilded  nails,  according 
to  their  respective  magnitudes,  and  arranged  in  groups  as  the 
different  constellations  require.  Tho  outside  is  a terrestrial 
globe,  representing  the  land  and  water  on  the  surface  of  tho 
earth.  It  is  called  the  Globe  of  Gottorp,  from  being  substituted 
for  one  originally  made  in  that  place,  which,  with  inconceiv- 
able labour,  was  conducted  upon  rollers  and  sledges  over  snow 
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and  through  forests  to  Riga,  and  thence  by  sea  to  Petersburg!). 
In  1751.  it  was  consumed  by  fire,  and  from  its  iron  plates  and 
materials,  the  present  globe  was  made. 

In  the  lower  room  of  the  king's  library  at  Paris,  there  are 
two  globes  nearly  equal  in  dimensions  to  that  at  Petersburg!), 
but  much  inferior  in  utility,  the  globe  of  Gottorp  combining 
in  one,  all  that  is  exhibited  by  both  the  others. 

But  large  ns  these  globes  are,  they  become  diminutive  when 
compared  with  the  sphere  constructed  by  the  late  Dr.  Long. 
This,  he  tells  us,  is  eighteen feet  in  diameter;  and  it  will  enable 
thirty  persons  to  sit  within  its  concavity,  without  any  incon- 
venience. The  entrance  is  over  the  south  pole  by  six  steps. 
This  wonderful  machine  stands  in  Pembroke  Hall,  in  the 
university  or  Cambridge.  All  the  constellations  and  stars  of 
the  northern  hemisphere,  visible  at  Cambridge,  are  painted 
upon  plates  of  iron,  which,  joined  together,  form  one  concave 
surface.  Unhappily,  it  is  now  very  much, damaged.  Part  of 
the  sheathing  is  destroyed,  and  the  remainder  is  covered  with 
rust  and  verdigrise.  This  neglected  stale  of  an  ingenious  and 
useful  piece  of  workmanship,  reilccts  considerable  disgrace 
upon  those  whose  duty  it  is  to  keep  it  in  repair.  But  the  dis- 
grace must  he  heightened  into  ignominy,  if  the  report  be  true, 
that  the  interest  of  £200.  Hank  annuities,  was  bequeathed  by 
Dr.  Long,  to  keep  the  instrument  and  place  in  good  order. 
This  truly  scientific  gentleman  was  a native  of  Norfolk,  and 
died  in  1770.  aged  ninety-one. 

The  Celestial  Globe.  Sea  Plate. — Definitions : Obs.  The 
general  definitions  given  of  the  terrestrial  globe  apply  also  to 
the  celestial,  the  various  circles  of  which  arc  more  aptly  illus- 
trated by  the— 

Arnii.I-ary  Sphere,*  (tee  the  Plate,)  is  well  adapted  to  give 
yonth  just  notions  of  those  imaginary  circles  which  astronomers 
have  applied  to  what  is  vulgarly  called  the  eoneare  sphere  of 
the  hear  ms ; but  by  means  of  those  circles,  we  investigate,  with 
the  nicest  accuracy,  the  motions  of  the  celestial  bodies,  and 
thus  the  communication  of  a sublime  science  is  facilitated. 

Thcro  are  six  great  circles  of  the  sphere,  which  require  par- 
ticular attention ; but  which  the  reader  is  now  acquainted 
with : they  are,  the  horizon,  the  meridian,  tho  equator,  the 
ecliptic,  the  equinoctial  colure,  and  the  solstitial  coin  re. 

Tho  sphere  is  contained  in  a frame,  on  the  top  of  which  is  a 
broad  circle,  representing  the  meridian. 

It  is  suspended  on  two  pins,  at  opposite  points  of  the  meri- 
dian. These  pins  arc  a continuation  of  the  axis  of  the  sphere 
both  ways,  and  ns  the  sphere  turns  round  upon  them,  they  are 
considered  as  poles,  north  and  louth. 

The  equator  goes  round  the  sphere  exactly  in  the  middle 
between  the  two  poles. 

The  ecliptic,  the  colures,  the  tropics,  and  polar  circles,  have 
been  already  defined,  and  arc  easily  discovered. 

The  horizon  is  graduated  according  to  the  division  of  the 
circle  into  quadrants  and  degrees ; and  to  refer  celestial  ob- 
jects to  the  horizon,  we  have  also  the  points  of  the  compass 
laid  down.  Hence  the  amplitude,  or  distance,  of  heavenly 
bodies,  from  the  cast  and  west  points,  and  their  Bzimuth,  or 
distance  from  the  meridian,  arc  reckoned  on  the  horizon  of  the 
armillary  sphere. 

The  graduation  of  the  equator  enables  us  to  fix  the  right 
ascension  of  celestial,  and  the  longitude  of  terrestrial,  objects. 

The  graduation  of  Ihe  ecliptic  serves  to  indicate,  in  the 
armiilary  sphere,  the  latitude  and  longitude  of  celestial  bodies. 

The  colures  arc,  in  a manner,  the  limits  of  the  year,  pointing 
out  the  seasons  by  their  two  opposite  points  of  the  ecliptic. 

Tho  hour  circle  tells  us  in  what  time  any  motion  of  the  earth, 
in  the  centre,  is  performed. 

In  fine,  main  details  of  the  science  may  be  pleasingly  and 
populatly  illustrated  by  this  contrivance. 

7 he  Appearances  of  the  Stars  in  the  Heavens  illustrated  by  the 
Armiilary  Sphere, — By  placing  a small  patch  of  paper  on  the 
dilferent  circles  to  represent  stars,  we  perceive,  that  those 
which  arc  furthest  from  the  poles  will  describe  the  greatest 
circles;  and  that  the  greatest  circles  are  described  by  those 


* So  railed  brratur  it  const  t La  of  • nsrnber  of  rings  at  brass,  which  lb* 
il't  Homans  named  urmillo,  fro m ibeir  resemblance,  {lerbspa,  to  bracelets, 
or  rings  for  tho  arms. 


stars  situated  in  the  celestial  equator.  A star  has  acquired  its 
greatest  elevation  when  it  comes  to  the  upper  semicircle  of  the 
meridian,  and  its  greatest  depression  when  it  is  at  the  lower 
circle  of  the  meridian:  the  meridian  bisects  its  arc  of  appari- 
tion. Some  circles  of  revolution  are  wholly  above,  others 
entirely  below,  the  horizon ; therefore  the  patches  on  those  cir- 
cles shew  us  which  stars  descend  helow,  or  which  never  ascend 
above,  the  horizon.  And  uuy  object,  whose  circle  of  revolu- 
tion is  on  the  same  side  of  the  equator  with  the  elevated  pole, 
is  longer  visible  than  It  is  invisible;  the  contrary  holds  true  if 
it  be  on  the  other  side  of  the  equator. 

Tne  following  definitions  are  more  immediately  applicable 
to  the  celestial  globe. 

The  declination  of  the  sun,  of  a star,  or  planet,  is  its  distance 
from  the  equinoctial,  northward  or  southward.  When  the  sun 
is  in  the  equinoctial  he  has  no  declination,  and  enlightens  half 
the  globe  from  pole  to  pole.  As  he  increases  in  north  declina- 
tion he  gradually  shines  farther  over  the  north  pole,  and  leaves 
the  south  pole  in  darkness:  in  a similar  manner,  when  he  has 
south  declination,  he  shines  over  the  south  pole,  and  leaves  the 
north  pole  in  darkness.  The  greatest  declination  tho  sun  can 
have  is  23°  28';  the  greatest  declination  a star  can  have  is  90°, 
and  that  of  a planet  30^  2s'  north  or  south. 

The  latitude  of  a star,  or  planet,  is  its  distance  from  the 
ecliptic,  north  or  south,  reckoned  towards  the  pole  of  the  eclip- 
tic, on  the  quadrant  of  altitude.  Some  stars  situate  in  and 
about  the  pole  have  90°  of  latitude  ; the  planets  have  only  8°, 
and  the  sun  being  always  in  tbe  ecliptic  has  no  latitude. 

The  longitude  of  a star,  or  planet,  is  reckoned  by  the  degrees 
of  the  ecliptic,  from  the  point  Aries  round  the  globe.  On  tbe 
celestial  globe  the  longitude  of  the  sun  corresponds  with  the 
sun’s  place  on  the  terrestrial  globe. 

The  right  ascension  of  the  sun,  or  a star,  is  that  degree  of 
the  equinoctial  which  rises  with  the  sun,  or  a star,  in  a right 
sphere,  and  is  reckoned  from  the  equinoctial  point  Aries  east- 
ward round  the  globe. 

Oblique  ascension  of  the  sun,  or  a star,  is  that  degree  of  the 
equinoctial  which  rises  with  the  sun,  or  a star,  in  an  oblique 
sphere,  and  is  likewise  counted  from  the  point  Aries  eastward 
round  the  globe. 

Oblique  dcsccnsion  of  ihe  sun,  or  a star,  is  that  degree  of  the 
equinoctial  which  sets  with  the  sun,  or  a star,  in  anoblique  sphere. 

Tho  ascensional  or  dcsccnsional  difference,  is  the  difference 
between  the  right  and  oblique  ascension,  or  the  difference 
between  the  right  and  oblique  dcsccnsion  : and,  with  respect  to 
tbe  sun,  it  is  the  time  he  rises  before  six  in  the  spring  and  sum- 
mer, or  sets  before  six  in  the  autumn  and  winter. 

The  angle  of  position  of  a star  is  an  angle  formed  by  two 
great  circles  intersecting  each  other  in  tho  place  of  the  star,  the 
one  passing  through  the  pole  of  the  equinoctial,  the  other 
through  the  pole  ot  the  ecliptic. 

The  poetical  rising  aod  setting  of  the  stars,  is  so  called  be- 
cause the  ancient  poets  referred  the  rising  and  setting  of  the 
■tars  to  the  sun. 

When  a star  rose  with  the  sun,  or  set  when  the  sun  rose,  it 
was  said  to  rise  and  set  cosmicnUy.  When  a star  rose  at  sun- 
setting,  or  set  with  the  sun,  it  was  said  to  rise  and  set  achroni- 
cally.  When  a star  first  became  visible  in  the  morning,  after 
having  been  so  near  the  sun  as  to  be  hid  by  the  splendour  of 
his  rays,  itwas  said  to  rise  heliacally  ; and  when  a star  first 
became  invisible  in  the  evening,  on  account  of  its  nearness  to 
the  sun,  it  was  said  to  set  heliacally. 

A Constellation  is  an  assemblage  of  stars  on  the  surface  of 
the  celestial  globe,  circumscribed  by  the  outlines  of  some 
assumed  figure,  as  a bull,  a hear,  a lion,  kc.  This  division  of  the 
stars  into  constellations  direct  ns  to  any  part  of  the  heavens 
where  a particular  star  is  situated. 

Tbe  zodiacal  constellations  are  12  in  number;  the  northern 
constellations  41,  and  the  southern  46.  making  in  the  w hole  99. 
The  largest  stars  are  called  stars  of  the  first  magnitude.  Those 
of  tbe  sixth  magnitude  arc  tbe  smallest  that  can  be  seen  by  the 
naked  eye.  The  figures  on  tho  left  hand  of  the  annexed  tables 
shew  the  number  of  stars  in  each  constellation ; R denotes 
right  ascension,  D declination  of  the  middle  of  the  several  con- 
stellations, for  the  ready  finding  them  on  the  globe.  The  modern 
constellations  are  distinguished  from  the  ancient  by  a star. 


Winter.  Auturno.  Summer.  Spring, 
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The  Contents  of  the  Celestial  Glob t,  and  the  Maps  of  the  Heavens , 
ifilA  the  .V antes  of  the  Signs  and  Constellations,  and  of  the 
Principal  Stars  in  each,  with  their  Magnitudes. 


1.  Tne  Signs  op  the  Zodiac. 


f? 

l„ 

JS 
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fc 

lx 


Aries,  the  Ram,  Arietis  2 

Taurus,  the  Bull,  Aldcbaran  1,  the) 

Pleiades,  the  Hyadcs 1 

j Gemini,  the  Twins,  Castor  1,  Pollux  2 

Cancer,  the  Crab,  Acubene  4 

Leo, /Ac  Lion,  Regulus,  or  Cor  Lctmis  ) 

1,  Dench  2 . S 

Virgo,  the  Virgin,  Spica  Virginia  1.) 

Vindemiatrix  2 ) 

Libra,  (Ac  Balance,  Zubenich  Mcli  2 . . 
Scorpio,  the  Scorpion,  Antares  1 . . « . . . 

Sagittarius,  the  Archer 

Capricornus,  the  Goat 

Aquarius,  the  Water-bearer,  Scheat  5 
Pisces,  the  Fishes  

If.  The  Northern  Constellations. 

1 Andromeda,  Mirac  2,  Almaaeh  2 . ... 

2 Aquila,  the  JKu^/e.arith  Anti  mius,  Al- ) 

| tair  I i 

• 3 Canes  Vcnatici,  or  Asterion  and  ) 

I Chara*,  the  Greyhounds S 

• 4 Auriga,  the  Charioteer,  or  Waggoner,  ) 

I Capclla  1 i 

• 5 Bootes.  Arcturus,  Mirac  3 

• 61  Camelopardalus*,  the  Camelleopard. . . . 

• 7 Caput  Medusa?,  the  Head  of  Medusa , > 

and  Perseus  j 

• 8 Cassiopeia,  Schedar  3 

• 9 Cepbeus.  Alderamin  3 

• 10  Cerberus*,  the  Three -headed  Dog,) 

and  Hercules . i 

11  Coma  Berenicls,  Berenice’s  Hair  .... 

12  Cor  Caroli*,  Charles’s  Heart 

13  Corona  Borealis,  the  Northern  Crown,  l 

Alphacca  2 ) 

• 14  Cygnus,  theStran,  Dcneb  Adige  1 . . .. 

15  Delphinus.  the  Dolphin 

18  Draco,  the  Dragon,  Raslabcn  2 ...... 

17  Equulus,  the  Little  Horse 

18  Frederick’s  Ehre,  Fredericks  Glory  . . 

• 19  Hercules  (/re  Cerberus ) Ras  Algethi  I 

• 2o  Lacerto,  the  Lizard  

21  i Le  Messier* 


• 22  Leo  Minor*,  the  Little  Lion 

• 23  Lynx*,  the  Lynx 

24  Lyra,  the  Harp,  Vega  or  Wega  1 .... 

25  Mous  Mcnalus,  the  Mountain  Mcnahu 

2 6 Muses*,  the  Flu  

27  Pegasus,  the  Flying  Horse,  Markab  ) 

2,  Schcat  2 S 

• 28  Perseus  (see  Cap.  Med.)  Algenib  2,  ) 

Algol  2 J 

29  Sagitta,  the  Arrow .. 

30 [ Scutum  Subieski*,  Svbieski's  Shield 
3! | Serpens,  the  Serpent  

32  Scrpentarius  eel  Ophiucbus,  the  Scr- ) 

| pent-bearer,  R»S  Alpbagus  2 S 

33  Taurus  Poniatowski*,  the  Bull  of) 

| Poniatowski t 

34  Taurus  Kegalis*.  the  Royal  Bull 

35  Triangulum,  the  Triangle 

36  Triangulum  Minus,  the  Little  Triangle 

37  Tubus  Hcrscbclii  Major,  Herschel's  ) 

Great  Telescope j 

• 38  j Ursa  Major,  the  Great  Bear,  Dubhe  1,  ) 

Aliolb  2,  Benetnach  2 \ 

• 39  Ursa  Minor,  (A*  Little  Bear,  Polar) 

j Star  or  Abrukabah2 J 
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Constellations,  Jrr.  continued. 

40  Vulpecula  ct  Aixser*,  the  Fox  and  6'ooir 

41  |Taruudus*,  the  Rem  Deer 

III.  The  Southern  Constellations. 

1 1 Apus,  vcl  Avis  Indica*,  The  Bird  of\ 

Paradise  $ 

2 1 Ara,  the  Altar 

3;  Argo  Navis,  the  ship  Argo,  Canopus  l 

4 Urandenburgium  Sccptrum*,  the ) 

Sceptre  of  Brandenburgh  ........  $ 

5 (!anis  Major,  (Ar  Great  Dog,  Sirius  I. . 

6 Cams  Minor,  the  Little  Dog,  Procjon  I 

7 Centaurus.  the  Centaur 

8 Cctus,  the  Whale,  Mencar2  

9 Chamarlcon*,  the  Catneleon  

10  Circinus*.  the  Compasses 

11  Columbn  Noachi*,  Soak's  Dote 

12  Corona  Australis,  the  Southern  Crown 

13  Corvus,  the  Crew,  Algorab  3 

II  Crater,  the  Cup  or  Goblet,  A Ikes  3 . . .. 
15  Crux*,  the  Croat, 

10;  Dorado  or  Xiphias*,  the  Sword  Ftsh 
17  Kquilcus  Pictorlous*,  the  Painters' ) 

Basel ) 

' 18  Eridanus,  the  River  Po,  Acberncr  1 , . 

19  Fornax  Cheaiica*,  the  Furnace 

20  Crus*,  tin  ( i a M- 

21  Horologium*,  the  Clock . 

22  |J)dra,  the  Water  Serptnt,  Cor  Hy-  ) 

dras  1 \ 

23  Hydrus.  the  It  ’a ter  Snake 

24  Indus*,  the  Indian...,,,.,,,,,,,,,. . 

25  Lepus,  the  Hare 

* 26  Lupus,  the  Wolf 

27  Macbina  Pncuraatica*.  the  Air  Pump 

* 28  Microscopium*,  the  Microscope 

29  Monoceros*,tAe  Unicom  

30  Mons  Mcnsic*,  the  Table  Mountain  . . 

31  Musca  Australis,  vel  Apis,  Me  Sou- ) 

them  Fly  or  Bee . . i 

’ 32  Norma/vei  Quadra  Euclidis*, Fue/ure  ) 

Square i 

33  Octans  Hadleianus*,  Hadley's  Octant 

* 34  Offtcina  Sculptoria*.  M*  Sculptor's  1 

Shtf \ 

35  Orion,  lietelgeux  ),  Rigel  1,  Bella-  ) 

trix  2 j 

36 , Pavo*,  (Ar  Peacock 

37  Phrrnix* 

38  Piscis  Notus  vel  Australis,  the  Sou-  ) 

j them  Fish,  Fomalhaut  1 ) 

39  Piscis  Votans*,  the  Flying  Fish 

40 j Praxiteles,  vel  Ccla  Sculploiia*,  the  ) 

^1  j Pyxis  Nautica*,  the  Mariner's  Com-  ) 

pass  j 

4*  Reticulus  fUiottiboidaiis*.  the  Rhum-  ) 

bind  it  f Set . ] 

43'  Robur  Caroli,  Charles's  Oak. . . . 

41  Sextans*,  the  Sextant  

45, Solitaire,  <n»  Indian  Bird 

46  Telcseopium,  the  Telescope  ... 

47.  Psalterium  Gcorgianum",  the  Gtor-  ) 

gian  Psaltery j 

Touchan,  the  American  Goose  .. 

Tubus  Hcrscbclii  Minor*,  Here 

Less  Telescope . { 

Triangulum  Australis*,  the  South  a - 

Xiplias,  (see  Dorado). 

Montgolfier's  Balloon 

The  Press  of  Guttenberg 

Le  Chat,  Me  Cat 
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Note.  The  constellations  18,  21,  34,  37,  in  the  northern, 
ami  45,  47,  52,  53,  and  64,  in  tbo  southern  hemisphere,  arc 
inserted  because  foreign  astronomers  have  given  them  a place 
in  the  heavens,  though  our  British  globe  makers  have  not  yet 
engraven  them  on  their  plates.  They  arc  to  be  found,  however, 
in  the  maps  of  I)r.  Jamieson's  C<rlestial  Atlas. 

The  ancients  divided  the  stars  into  different  groups,  called 
constellations,  aud  gave  particular  names  to  each,  which  names 
the  greater  part  of  them  have  hitherto  retained.  The  Pleiades 
find  Orion  are  mentioned  in  the  sacred  writings  by  Job , and 
Homtr  and  Hesiod  describe  several  constellations  by  names 
which  arc  now  in  general  use. 


A knowledge  of  the  principal  constellations  in  the  heavens 
will  be  an  useful  acquisition  to  the  stndcnt,  nnd  this  may  be 
obtained  by  noting  the  time  when  they  come  to  the  meridian, 
that  is,  to  the  south. 

There  are  few  persons  who  arc  unacquainted  with  the  seven 
(six  ) stars  called  the  Pleiades , or  the  beautiful  constellation  of 
Orion.  The  Pleiades  come  to  the  meridian  of  London  about  an 
hour  before  Aldebaran,  and  Orion  culminates  an  hour  after  that 
star;  and  since  the  diurnal  difference  of  time  of  a star’s  culmi- 
nating is  nearly  equal  to  the  diurnal  difference  of  the  son’s  right 
ascension,  rir.  about  four  minutes;  a star  will  rise,  come  to  the 
meridian,  and  set,  nearly  four  minutes  earlier  every  day,  or 
about  two  hours  in  a month. 


A Table  of  the  Time  of  Culminating  of  the  Zodiacal  Constellations  <m  the  first  Day  of  every  Month,  and  the  Semi-diurnal  Arc  at 
London. — A’.  D.  The  Time  is  reckoned  from  Noon  to  Noon, 


Zoditctl  CooatelUUooa. 
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Problems  performed  by  the  Celestial  Globe.— Problem  1. — 7V» 
find  the  right  ascension  and  declination  of  the  sun , or  a star. — 
Role.  Bring  the  sun,  or  star,  to  that  part  of  the  brass  meridian 
nambered  from  the  equinoctial  towards  the  poles,  and  the 
degree  on  the  brass  meridian  is  the  declination,  and  tho  right 
ascension  will  be  indicated  by  the  degree  on  the  equinoctial, 
botween  the  brass  meridian  and  the  point  Aries.  Or  place 
both  the  poles  of  the  globe  on  the  horizon,  bring  the  sun  or  star 
to  the  eastern  part  of  the  horizon  ; then  the  number  of  degrees 
which  the  sun  or  star  is  northward  or  southward  of  the  east, 
will  be  the  declination  north  or  south  ; and  the  degrees  on  the 
equinoctial,  from  Aries  to  the  horizon,  will  be  tbo  right 
ascension. 

Examples.  1.  Required  the  right  ascension  and  declination 
of  a Dubhe,  in  the  back  of  the  Great  Bear. — Answer.  Right 
.ascension  162°  4ft',  declination  02°  4 S'  N. 

Problem  2. — To  find  the  latitude  and  longitude  of  a star. — Rule. 
Place  the  upper  end  of  the  quadrant  of  altitude  on  the  north  or 
south  pole  of  the  ecliptic,  according  as  the  star  is  on  the  north 
or  south  side  of  the  ecliptic,  and  move  the  other  end  till  the 
■tar  comes  to  the  graduated  edge  of  the  quadrant ; the  number 
of  degrees  between  the  ecliptic  and  the  star  is  the  latitude  ; and 
the  number  of  degrees  on  the  ecliptic,  reckoned  eastward  from 
the  point  Aries  to  the  quadrant,  is  the  longitude.  Or,  elevate 
tho  north  or  south  pole  above  the  horizon,  according  as 
the  given  star  is  on  the  north  or  south  side  of  the  ecliptic ; 
bring  the  pole  of  the  ecliptic  to  that  part  of  the  brass  meridian 
numbered  from  tho  equinoctial  towards  the  pole  ; the  ecliptic 
will  then  coincide  with  the  horizon : screw  the  quadrant  of 
altitodc  upon  the  brass  meridian  over  the  pole  of  the  ecliptic  ; 
keep  the  globe  from  revolving,  and  move  the  quadrant  till  its 
graduated  edge  comes  over  the  given  star;  the  degree  on  the 
uadrant  cut  by  the  star  is  its  latitude;  and  the  si^n  and 
egrec  on  the  ecliptic  cut  by  the  quadrant  shew  its  longitude. 
Examples.  1.  Required  the  latitude  and  longitude  of  a 
Aldebaran  in  Taurus  l— Anew.  Latitude  6°  28'  S.  longitude  2 
signs  6°  53' ; or  6°  63'  in  Gemini. 

Problem  3. — The  right  ascension  and  declination  of  a star,  the 
moon,  a planet,  or  of  a comet,  being  given,  to  find  its  place  on  the 
globe. — Bring  the  given  degrees  of  right  ascension  to  that  part 


of  the  brass  meridian  numbered  from  the  equinoctial  towards 
the  poles  ; then,  under  the  given  declination  on  the  brass  meri- 
dian, you  will  find  the  star,  or  the  place  of  the  planet. 

Examples.  1.  What  star  has  261°  29*  of  right  ascension, 
and  62°  27'  north  declination ! Ansi v.  ft  in  Draco. 

2.  On  the  20th  of  August,  1806.  the  moon's  right  ascension 
was  91°  3,  and  her  declination  24°  48' ; to  find  her  place  on  the 
globe  at  that  time.  Answ.  In  the  milky  way,  a little  above 
the  left  foot  of  Castor. 

Problem  4.— The  latitude  and  longitude  of  the  moon,  a star,  or 
a planet  given,  to  find  its  v lace  on  the  globe. — Place  the  division 
of  tbo  quadrant  of  altitodc  marked  O,  on  the  given  longitude  in 
the  ecliptic,  and  the  upper  end  on  the  pole  of  the  ecliptic;  then 
under  the  given  latitude,  on  the  graduated  edge  of  the  qua- 
drant, you  will  find  the  star,  or  place  of  the  moon,  or  planet. 

Examples.  1.  What  star  has  0 signs  6°  Iff  of  longitude,  and 
12°  3ff  N.  latitude.  Answ.  y in  Pegasus. 

2.  On  the  fifth  of  June,  1820,  at  midnight,  the  moon's  longi- 
tude win  6*  16°  ff,  and  her  latitude  1°  4.V  N. ; find  her  plaoe 
on  the  globe. 

Problem  6. — To  find  the  rising,  setting,  and  culminating  of  any 
star, — its  continuance  above  the  horizon , — its  obligee  ascension 
and  descension, — and  its  eastern  and  western  amplitude,  for  any 
given  day  and  place. — Rectify  the  globe,  and  bring  the  given 
star  to  the  eastern  part  of  the  horizon,  the  index  will  shew  the 
hour  of  rising ; the  degree  of  tbe  equinoctial  that  rises  with  the 
star  is  its  oblique  ascension  ; and  the  distance  of  the  star  from 
the  cast  point  of  the  horizon  is  its  eastern  or  rising  amplitude. 

When  the  star  is  brought  to  the  meridian,  the  index  will 
shew  the  time  of  culminating. 

Bring  the  star  to  the  western  quarter  of  the  horizon,  and  its 
setting,  oblique  descension,  and  western  amplitude,  will  be 
found  in  the  same  manner  as  its  rising,  eastern  amplitude, 
and  oblique  ascension. 

Tbe  number  of  hours  from  rising  to  setting  will  bo  the  time  of 
Its  continuance  above  the  horizon. 

Examples.  1.  On  the  ninth  of  February,  when  it  is  nine 
o’clock  in  the  evening  at  London,  what  stars  are  rising,  what 
stars  are  setting,  and  what  stars  are  on  the  meridian. — Answ. 
Alphacca,  in  tbe  northern  Crown,  is  rising ; Arcturus  and 
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Mirach  in  Bootes,  just  above  Ibe  horizon  ; Sirius  on  the  meri- 
dian ; Procyon  ami  Castor  ami  Pollux,  a little  east  of  the 
meridian.  The  constellations  Orion,  Taurus,  and  Auriga,  a 
little  west  of  the  meridian;  Markab  in  Pegasus,  just  below  tire 
western  edge  of  the  horizon,  &c. 

2-  On  the  20th  of  January,  at  two  o'clock  in  the  morning,  at 
London,  what  stars  arc  rising,  what  stars  are  setting,  and  what 
stars  arc  on  the  meridian  ! Amur.  Vega  ill  Lyra,  the  head  of 
the  Serpent,  Spica  Virginia.  8tc,  arc  rising  ; the  head  of  the 
Great  Bear,  the  claws  of  Cancer,  Ac.  on  the  meridian  ; the 
head  of  Andromeda,  the  neck  of  Cctus,  and  the  body  of  Colutn- 
ba  Noachi,  &c.  are  setting. 

3.  When  does  Sirius  rise  at  London,  on  March  14 ; at  what 
time  comes  it  to  the  meridian,  and  set ; how  long  docs  it  con- 
tinue above  the  horizon  ; what  arc  its  oblique  ascension  and 
descension,  ami  its  eastern  and  western  amplitude  ? 

A km  if.  Rises  at  2h  24m.  p.m. 

Culminates 0 57  p.m. 

Sets II  30  p.  m. 

Above  the  horizon  9 0 

Oblique  ascension 120°  47' 

Oblique  descension  77  17 

Amplitude 27  OS. 

4.  Required  the  same  for  Fomnihaut,  at  the  Cape  of  Good 
Hope,  on  December  lOtb  ? 

Antu.  Rises lOh  Om.  a.m. 

Culminates 5 30  p.m. 

Seta  1 0 a.m. 

Above  the  horizon 15  0 

Oblique  ascension 317*  O' 

Oblique  descension 5 0 

Amplitude  38  OS. 

Problem  fl. — To  repretent  the  face  of  the  he*  rent  for  any  given 
day  and  hour , in  any  given  latitude. — • Adjust  the  globe  as  in  the 
preceding  problems,  by  briugiug  the  sun’s  place  to  the  meri- 
dian, putting  the  index  to  12.  and  then  turning  the  globe  to  the 
given  hour ; and  the  stars  in  the  heavens  will  appear  exactly 
in  the  same  situations  as  they  arc  upon  ihc  globe. 

Examples.  I.  Required  the  situation  of  the  stars  for  the 
latitude  of  Newcastle,  on  October  6th,  at  eight  o’clock  in  the 
evening.  In  this  survey  wc  commence  at  the  north  point  of 
the  horizon,  and  proceed  eastward,  noticing  the  different  con- 
stellations, and  lbo  relative  situation  of  the  stars  in  these 
constellations. 

The  first  star  which  strikes  the  eye  of  the  observer,  in  the 
north-east  part  of  the  heavens,  is  Caprlla.  in  the  constellation 
Auriga,  or  the  waggoner:  it  is  of  the  first  magnitude,  of  the 
altitude  of  22°,  or  nearly  the  fourth  part  of  the  distance  from 
the  horizon  to  the  zenith.  There  are  two  stars  of  the  second 
magnitude,  which  form  with  Capella  a triangle : the  star  which 
forms  the  short  side  of  the  triangle  is  in  the  right  shoulder  of 
Auriga,  and  is  marked  fl;  it  lies  at  the  distance  of  about  8° 
from  Capel!a.  further  to  the  north;  its  altitude  is  18°  ; the  star 
forming  the  longer  side  of  the  triangle  is  in  the  Bull’s  northern 
horn : its  distance  from  Capella  is  not  more  than  25° ; its 
altitude  not  more  than  5®;  azimuth  N.  B.  There  are  three 
stars  of  the  fourth  magnitude,  a little  to  the  south  of  Capella, 
that  bear  the  name  of  the  Kids. 

If  a line  be  drawn  through  the  two  stars  that  form  the  tipper 
aide  of  the  triangle,  and  continued  to  the  horizon,  it  will  point 
out  Castor,  a,  in  Gemini,  just  rising;  azimuth,  K.  N.  E. : it  is 
between  the  first  and  second  magnitude.  The  other  stars  in 
this  constellation  have  not  yet  risen. 

A line,  draw  n between  Castor  and  Capella,  and  continued 
higher  in  Ibe  heavens,  will  point  out  Perseus,  in  which  there 
are  three  stars,  one  of  the  second  magnitude,  a,  named  Algenib, 
and  two  of  the  third  magnitude,  one  on  each  side  of  Algenib, 
at  the  distance  of  about  5°;  they  form  a line,  a little  curved 
on  the  side  next  Auriga.  The  altitude  of  Algenib  is  37° ; azi- 
muth. N.  K.  by  E. 

A little  to  the  south  of  Perseus  is  the  head  of  Medusa, which 
Perseus  is  holding  in  his  hand.  Besides  two  or  three  smaller 
stars,  it  contains  one  of  the  second,  and  one  of  the  third  mag- 
nitude : the  name  of  the  brightest  is  Algol;  altitude  33°; 
azimuth.  E.  N.  B.  Algol  is  only  10°  distant  from  Algenib. 

Directly  below  the  head  of  Medusa,  about  14°  above  the 
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horizon,  arc  the  Pleiades,  or  Seven  Stars  ; they  arc  situated  in 
the  shoulder  of  Taurus,  and  are  so  easily  known,  that  no 
description  is  necessary.  Aldebarau,  a star  of  the  first  magni- 
tude, which  forms  the  eye  of  Taurus,  is  just  rising;  azimuth, 
E.  N.  E.  A vertical  circle,  drawn  through  Algol,  will  point  to 
it.  There  arc  two  stars  of  the  third  magnitude,  and  several 
smaller,  very  ucur  Aldebaran,  which  form  with  it  a triangle. 
The  whole  cluster  is  culled  the  Hyades. 

A line  drawn  from  Aldebaran  through  Algol,  and  continued 
to  the  zenith,  will  direct  to  Cassiopeia.  This  contains  five  stars 
of  the  third  magnitude,  besides  several  of  the  fourth;  it  is  in 
form  something  like  the  letter  Y,  or,  as  some  think,  an  inverted 
chair.  It  is  situated  above  Perseus,  within  30°  of  the  zenith. 
The  altitude  of  the  brightest  star  a , called  Schedar,  is  69° ; 
azimuth.  E.  N.  E. 

Below  Cassiopeia,  and  west  of  Perseus,  is  Andromeda,  which 
contains  three  stars  of  the  second  magnitude.  A line  from 
Algcuih,  parallel  to  the  horizon,  towards  the  south,  wrill  pass 
tery  near  these  three  stars ; and  as  they  are  all  of  the  same 
magnitude,  and  placed  nearly  at  the  same  distance  of  15°  from 
each  other,  they  may  easily  be  known.  The  name  of  the  star 
nearest  Perseus,  and  which  is  in  the  foot  of  Andromeda,  mark- 
ed 7,  is  Almaark  ; its  altitude  is  49°  ; azimuth,  E.  N.  E.  The 
name  of  fl,  in  the  girdle,  is  Mirach  ; its  altitude  41®;  azimuth, 
E.  The  altitude  of  a,  in  the  head  of  Andromeda,  is  46®  ; azi- 
muth E.  8.  E. 

About  18°  below  Mirach  arc  two  stars  in  Aries,  not  moro 
than  6P  distant  from  each  other,  forming  with  Mirach  an 
isosceles  triangle : the  most  eastern  star  a,  is  of  the  second 
magnitude  ; the  other,  fl,  of  the  third,  attended  by  a smaller 
star,  marked  y,  of  the  fourth  magnitude.  A line  drawn  from 
Mirach,  perpendicular  to  the  horizon,  will  pass  between  the 
two,  and,  besides,  will  point  to  a star  of  the  second  magni- 
tude, directly  E.  not  3*  above  the  horizon. 

The  star  is  the  first  of  Cctus,  marked  a,  and  is  of  the  second 
magnitude;  it  is  named  Menkar:  a line,  drawn  from  Capella 
through  the  Pleiades,  will  also  point  to  it.  Cctus  is  a large 
constellation,  and  contains  eight  stars  of  the  third  magnitude; 
they  all  lie  to  the  west  of  Menkar;  0,  a star  in  the  tail,  is  more 
than  40*  degrees  distant  from  it.  The  azimuth  of  /3  is  S.  E.  by 
E. ; altitude  nearly  the  same  as  Menkar. 

The  constellation  Pisces  is  situated  next  to  Aries ; it  con- 
tains one  star  of  the  third  magnitude,  marked  a;  its  altitude  is 
10*;  azimuth,  E.  by  S. ; it  is  distant  from  Menkar  15*.  A line 
drawn  from  Almaack,  through  a in  Aries,  will  point  to  il. 

If  we  return  again  to  «,  in  the  head  of  Andromeda,  wc  shall 
find  three  other  stars  nearer  the  meridian,  which  with  it  form 
a square : these  stars  are  in  Pegasus,  and  are  placed  at  the 
distance  of  15*  from  each  other ; they  arc  all  of  the  second 
magnitude.  The  two  stars  forming  the  western  side  of  the 
square  are  called,  the  upper  one  Scheat,  which  is  marked  ,3. 
and  which  is  in  the  thigh  of  Pegasus  ; the  under  one  Markab, 
which  is  marked  a,  and  which  is  in  the  wing  : the  lowest  star 
in  the  eastern  side  of  the  square  is  in  the  tip  of  the  wing,  and 
is  marked  y.  The  altitude  of  the  Scbcat  is  55* ; azimuth.  S.  E. 
| E.  Altitude  of  Markab,  43* ; azimuth,  S.  E.  by  8.  ) E. 

A line  drawn  through  y and  fl  (the  diagonal  in  the  square  of 
Pcrgasus.)  and  continued  to  the  meridian,  will  point  out  Cyg- 
nus,  a remarkable  constellation,  in  the  form  of  a large  cross, 
in  which  there  is  a star  of  the  second  magnitude,  named  Dench 
or  Aridcd  ; it  is  marked  a,  and  is  almost  directly  upon  the  meri- 
dian, at  the  altitudo  of  80*.  Cygnus  contains  six  stars  of 
the  third  magnitude.  The  constellation  Cepheus,  which  con- 
tains no  remarkable  stars,  is  situated  between  Cygnus  and  the 
north  pole. 

Below  Pegasus,  and  Dearer  the  meridian,  is  Aquarius,  con- 
taining four  stars  of  the  third  magnitude.  A line  drawn  from 
a in  Andromeda,  through  Markab,  will  point  to  a in  Aquarius. 
Its  altitude  is  32*;  azimuth,  8.  8.  E. 

A bright  star  of  the  first  magnitude,  named  Fmnalhaut.  in 
Piscis  Australis,  is  then  upon  the  horizon;  azimuth,  S.  8.  E. 

Delphinns,  a small  constellation,  about  30°  below  Cygnus, 
upon  the  meridian,  contains  five  stars  of  the  third  magnitude  ; 
four  of  them  are  placed  close  together,  and  form  the  figure  of 
a lozenge.  A line  drawn  through  the  two  under  stars  of  the 
square,  will  point  to  it : its  altitude  is  about  50. 
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A lilUo  to  the  west  of  Delphinus,  bat  not  quite  so  high,  is 
Aquila,  containing  one  very  bright  star  of  the  first  magnitude, 
named  Atair:  it  may  very  easily  be  known,  from  having  a star 
on  each  side  of  it,  of  the  third  magnitude,  forming  a straight 
line,  the  length  of  the  line  is  only  about  5*.  Altitude  of  Aiuir, 
40* ; azimuth,  S.  S.  W. 

Considerably  above  Atair,  and  a little  to  the  west  of  Cygnus, 
is  Lyra,  containing  a star  of  tbc  first  magnitude,  one  of  the 
most  brilliant  in  the  firmament  Ilia  called  Lyra,  or  VYga, 
and  is  35*  to  the  north-west  of  Atair  : altitude  GO* ; azimuth, 
W.  9.  W.  Lyra,  Atair,  and  Aridcd  form  a large  triangle. 

We  come  now  to  notice  three  constellations,  which  occupy  a 
large  space  in  the  western  side  of  tbe  heavens  : these  are.  Her* 
eules,  immediately  below  Lyra ; Scrpentarios,  between  Her- 
cules and  the  horizon,  extending  a little  more  towards  the 
south  ; and  Bootes,  reaching  from  the  horizon  W.  K.  W.  to  the 
altitude  of  45*. 

Hercules  contains  eight  stars  of  the  third  magnitude : the 
star  in  the  head,  a.  named  Ra*  Algethi,  is  within  5*  of  <*,  in  the 
head  of  Scrpenturius.  This  last  is  a star  of  the  second  magni- 
tude. and  is  named  Has  Albaguc : its  altitude  is  30° ; azimuth 
S.  W.  by  W.  | W.  A line  drawn  from  Lyra,  perpendicular 
to  the  horizon,  will  pass  between  these  two  stars.  Tho  other 
stars  in  Hercules  extend  towards  the  zenith,  and  those  in  Scr- 
pentnrias  towards  the  horizon. 

The  constellation  Bootes  may  easily  be  known  from  the  bril- 
liancy of  Arelums.  a star  of  the  first  magnitude,  and  supposed  to 
be  the  nearest  to  our  system  of  any  in  the  northern  hemisphere : 
it  is  within  10*  of  the  horizon;  azimuth,  W.  N.  W.  Bootes 
also  contains  seven  stars  of  the  third  magnitude,  mostly  situ- 
ated higher  in  the  heavens  than  Arcturns.  The  star  imme- 
diately above  Arcturus  is  called  the  Mezen  Mirach,  and  is 
marked  t • The  star  in  the  left  shoulder,  c,  named  Seginus, 
forms,  with  Mirach  and  Arcturus,  a straight  line. 

Between  Scrpentarius  and  Bootes  is  Serpens,  containing 
one  star  of  the  second  and  eight  of  the  third  magnitude  ; a, 
in  Serpens,  is  nearly  at  the  same  distance  from  the  horizon  as 
Arcturus ; azimuth.  W. 

Above  Serpens,  and  a little  to  the  east  of  Bootes,  is  the 
Northern  Crow  n,  containing  one  star  of  tbe  second  magnitude, 
named  Gemma,  and  several  of  the  third,  which  have  tho  ap- 
pearance of  a semicircle-  A line,  drawn  from  Lyra  to  Arcturus, 
w ill  pass  through  this  constellation. 

We  come  now  to  Ursa  Major,  a constellation  containing  one 
star  of  the  first,  three  of  the  second,  and  seven  of  the  third 
magnitude.  It  may  be  easily  distinguished  by  those  seven 
stars,  which,  from  their  resemblance  to  a waggon,  are  called 
Charles's  Wain.  The  four  stars  in  the  form  of  a long  square 
are  the  four  wheels  of  tho  waggon  ; the  three  stars  in  the  tail  of 
the  Bear,  arc  the  three  horses,  which  appear  fixed  to  oue  of  the 
wheels.  The  two  hind  wheels  (a  named  Dubhe  and  £,)  are 
called  the  pointers,  from  their  always  pointing  nearly  to  the 
north  pole  ; hence  the  pole  star  may  be  known.  The  altitude 
of  Duuhe  is  30*;  azimuth,  N.  by  W.  i W.:  tbe  distance  be- 
tween the  two  pointers  is  5* ; the  distance  between  the  pole  star 
and  Dubhe  the  upper  pointer  is  33*. 

Ursa  Minor,  besides  the  pole  star,  of  the  second  magnitude, 
situated  in  the  tail,  contains  three  of  the  third,  and  three  of 
the  fourth  magnitude.  These  form  some  resemblance  to  the 
figure  of  Charles's  Wain  inverted,  and  may  easily  be  traced. 

Draco,  containing  four  stars  of  the  second,  and  seven  of  tbe 
third  magnitude,  spreads  itself  in  the  heavens  near  Ursa 
Minor ; tnc  four  stars  in  the  head  are  in  the  form  of  a rhom- 
bus. or  lozenge  ; the  tail  is  between  the  pole  star  and  Charles's 
Wain. 

Besides  these  constellations,  there  are  a number  of  others, 
which,  as  they  contain  no  remarkable  stars,  we  have  not 
described  : an  enumeration  of  these  will  suffice. 

The  Lynx,  between  Ursa  Mojor  and  Auriga;  Camelopardn- 
1ns,  between  Ursa  Major  and  Cassiopeia  ; Musca  and  the 
Greater  or  Less  Triangles,  between  Aries  and  Perseus ; 
Equuleus.  close  to  tbe  head  of  Pegasus : Sagittarius,  setting 
in  the  S.  W. ; Antinbufi,  and  Sobieski's  Shield,  below  Aquila; 
the  Fox  and  the  Goose,  between  Aquila  and  Cygnus  ; the 
Greyhounds,  and  Berenice's  Hair,  between  Bootes  and  Ursa 
Major  : and  Leo  Miuor,  below  Ursa  Major. 


As  one  day  brings  the  stars  nearly  four  minutes  earlier  into 
the  same  situation  than  they  were  on  the  preceding  day ; by 
making  that  allowance,  the  above  view  of  the  heavens  will 
answer  for  September  flth,  about  10  o’clock;  September  21st, 
about  nine  o'clock;  or  October  21st,  about  seven  o’clock  in 
the  evening. 

2.  Point  ont  the  situation  of  the  stars  for  the  latitude  of  Lon- 
don, on  January  1st,  at  eight  o’clock  in  the  evening. 

3.  Required  tbe  situation  of  the  stars  for  the  latitude  of  Paris, 
on  March  21st,  at  nine  in  the  evening. 

4.  What  are  the  principal  constellations  that  will  be  above 
the  horizon  of  Edinburgh,  on  May  1st,  at  ten  o’clock  in  tho 
evening. 

GLOBULAR  Chart,  the  representation  of  the  surface,  or  of 
some  part  of  the  surface,  of  the  terrestrial  globe  upon  a plane, 
wherein  the  parallels  of  latitude  are  circles  nearly  concentric, 
the  meridian  curves  bending  towards  the  poles,  and  tbe  rhomb 
lines  are  also  the  curves. 

Globular  Projection,  See  Map. 

Globular  Sailing.  See  Sailing. 

GLOW  Worm.  Ste  Lampyhis. 

GLUCINA,  in  Chemistry,  an  earth  so  named  from  its  sweetish 
taste,  and  which  in  the  powder  or  in  fragments  is  almost  three 
times  as  heavy  as  water.  It  is  infusible  in  the  fire,  does  not 
contract  like  alumina,  by  great  heat,  and  has  no  effect  on 
vegetable  colours.  It  is  insoluble  in  water,  but  combines  with 
acids,  making  with  them  soluble  salts,  distinguished  by  a slightly 
astringent  taste.  It  was  first  discovered  in  aqua  marina. 

GLUE,  among  Artificers,  a tenacious  viscid  matter,  which 
serves  as  a cement  to  connect  things  together.  Glues  are  of 
different  kinds,  according  to  the  various  uses  they  are  designed 
for,  as  the  common  glue,  glove  glue,  parchment  glue,  isinglass 
glue,  fcc.  The  common  or  strong  glue,  is  made  of  tbe  skins  of 
animals;  as  oxen,  cows,  calves,  sheep.  &c..  and  the  older  the 
creature  is,  the  better  is  the  glue  made  of  its  hide.  Indeed, 
whole  skins  arc  but  rarely  used  for  this  purpose,  but  only  the 
shavings,  parings,  or  scraps  of  them ; or  the  feet,  sinews,  isc. 
In  making  glue  of  parings,  they  first  steep  them  two  or  three 
days  in  water;  then  washing  them  well  out.  they  boil  them  to 
the  consistence  of  a thick  jelly,  which  they  pass,  while  hot, 
through  osier  baskets,  to  separate  the  impurities  from  it,  nud 
then  let  It  stand  some  time  to  purify  it  further:  when  all  tbe 
filth  and  ordures  are  settled  to  the  bottom  of  the  vessel,  they 
melt  and  boil  it  a second  time.  They  next  pour  it  into  fiat 
frames  or  moulds,  whence  it  is  taken  out  pretty  bard  and  solid, 
and  cut  into  square  pieces  or  cakes.  They  afterwards  dry  it  in 
the  wind,  in  a sort  of  coarse  net ; and  at  Inst  string  it,  to  finish 
its  drying.  The  best  glue  is  that  which  is  oldest ; and  the 
surest  way  to  try  its  goodness,  is  to  lay  a piece  to  steep  three 
or  four  days,  and  if  it  swell  considerably  without  melting,  and 
when  taken  out  resume  its  former  dryness,  it  is  excellent.  A 
glue  that  will  bold  against  fire  or  water  may  be  made  thus: 
mix  a handful  of  auick  lime  with  four  ounces  of  linseed  oil, 
boil  them  to  a good  thickness,  then  spread  it  on  tin  plates  iu 
the  shade,  and  it  will  become  exceedingly  hard,  but  may  be 
dissolved  over  a fire,  as  glue,  and  will  effect  the  business  to 
admiration. 

Glue,  Method  of  Preparing  and  Uring. — Set  a quart  of  water 
on  the  fire,  then  pat  in  about  half  a pound  of  good  glue,  and 
boil  them  gently  together  till  the  glue  be  entirely  dissolved, 
and  of  a due  consistence.  When  glue  is  to  be  used,  it  must  be 
made  thoroughly  hot;  after  which,  with  n brush  dipped  in  it, 
besmear  the  faces  of  the  joints  as  quick  as  possible  ; then 
clapping  them  together,  slide  or  rub  them  lengthwise  one  upon 
another  two  or  three  times,  to  settle  them  close;  and  so  let 
them  stand  till  they  are  dry  and  firm. 

Glue,  Parchment,  is  made  hy  boiling  gently  shreds  of  parch- 
ment in  water,  in  the  proportion  of  one  pound  of  the  former  to 
six  quarts  of  the  latter,  till  it  be  reduced  to  one  quart:  tho 
fluid  is  then  strained  from  the  dregs,  and  afterwards  boiled  to 
the  consistence  of  glne.  Isinglass  glue  is  made  in  the  same 
way:  but  this  is  improved  by  dissolving  the  isinglass  in  alcohol, 
by  means  of  a gentle  heat.  See  Cement. 

GLUTEN.  With  the  fecnla  and  saccharine  matter  which 
compose  the  principal  part  of  nntritive  grain,  is  another  sub- 
stance approaching  more  nearly  in  its  characters  to  animal 
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matter  than  any  other  product  of  the  vegetable  system.  From 
the  resemblance  in  its  properties  to  the  animal  principle  for- 
merly called  gluten,  but  now  described  under  the  term fibrin, 
it  has  received  the  name  of  vegetable  gluten.  It  is  obtained  in 
large  quantities  from  wheat,  amounting  to  the  12th  part  of  the 
whole  grain,  by  kneading  the  flour  into  paste,  which  is  to  be 
washed  very  cautiously,  by  kneading  it  under  a jet  of  water  till 
the  water  carries  o(T  nothing  more,  but  runs  off  colourless ; 
what  remains  is  gluten : it  is  ductile  and  clastic  ; it  has  some 
resemblance  to  animal  tendon  or  membrane  ; it  is  very  tena- 
cioDB,  and  may  be  used  as  a cement  for  broken  porcelain 
vessels.  It  has  a peculiar  smell,  with  scarcely  any  taste. 
When  exposed  to  the  air  it  assumes  a brown  colour,  and 
becomes  apparently  covered  with  a coat  of  oil.  When  com- 
pletely dry  it  resembles  glue,  and  breaks  like  glass.  It  is 
insoluble  in  water,  alcohol,  and  ether ; but  the  acids  dissolve  it, 
and  the  alkalies  precipitate  it.  It  has  a strong  affinity  for  the 
colouring  matter  of  vegetables,  and  likewise  for  resinous  sub- 
stances. When  kept  moist,  it  ferments,  and  emits  a very 
offensive  smell ; the  vapour  blackens  silver  and  lead.  Its 
constituent  parts  are  oxygen,  hydrogen,  carbon,  and  aaote. 
Though  it  exists  most  abundantly  in  wheat,  it  is  found  in  large 
quantities  in  many  other  plants.  It  is  gluten  that  renders 
wheat  so  lit  for  bread. 

GLYCYRRH1ZA,  or  Liquorice,  a genus  of  the  dindelphia- 
decandria  class  and  order.  Natural  order  of  papilionaccae  or 
leguminosa*.  There  arc  four  species  . tall  perennial,  herba- 
ceous plants,  with  the  stalks  somewhat  woody  at  the  bottom. 
Their  propagation  is  effected  by  cuttinp  of  the  small  roots. 
An  open  situation  and  a deep  loose  soil  is  the  most  suitable  for 
them.  In  three  years  the  roots  will  be  fit  to  take  up.  Liquorice 
is  almost  the  only  sweet  that  quenches  thirst,  and  has  been 
employed  in  hydropic  cases,  to  prevent  the  necessity  of  drink- 
ing. An  extract  is  made  from  the  root. 

GNAT.  See  Cc lex. 

GNEISS,  in  Mineralogy,  composed  of  felspar,  quarts,  and 
mica,  forming  plates,  laid  on  each  Other,  and  separated  by  thin 
layers  of  mica  ; differs  from  granite  by  being  divisible  like 
slate;  though,  like  that,  it  sometimes  contains  schorl  and  garnet. 
The  beds  of  gneiss  sometimes  alternate  with  layers  of  granular 
limestone,  schistose,  hornblende,  and  porphyry.  It  is  rich  in 
ores;  almost  every  metal  has  been  found  in  gneiss  rocks,  either 
in  veins  or  beds.  Sometimes  gneiss  is  found  in  a curved  form, 
of  which  there  are  some  very  remarkable  rocks  in  the  island  of 
Lewis,  one  of  the  Hebrides. 

GNOMON,  in  Astronomy,  is  an  instrument  or  apparatus 
for  measuring  the  altitudes,  declinations,  &c>  of  the  sun  and 
stars.  The  gnomon  is  usually  a pillar,  or  column,  or  pyramid, 
erected  upon  level  ground,  or  a pavement.  For  making  the 
more  considerable  observations,  both  the  ancients  and  moderns 
have  made  great  use  of  it,  especially  the  former ; and  many 
have  preferred  it  to  the  smaller  quadrants,  both  aa  more  accu- 
rate, easier  made,  nod  more  easily  applied.  The  most  ancient 
observation  of  this  kind  extant,  is  that  made  by  Pytheas,  in 
the  time  of  Alexander  the  Great,  at  Marseilles,  where  he  found 
the  height  of  the  gnomon  was  in  proportion  to  the  meridian 
shadow  at  the  summer  solstice,  as  2131  to  600  ; just  the  same 
as  Gassendi  found  it  to  be.  by  an  observation  made  at  the  same 
place,  almost 2000  years  after,  viz.  in  the  year  1630. 

The  elevation  of  the  pole  may  be  found  by  means  oftbo  gno- 
mon, by  finding  the  meridian  height  of  the  sun ; for  this  being 
given,  we  have  the  elevation  of  the  equator,  and  consequently 
that  of  the  pole.  The  meridian  height  of  (ho  sun  may  be  found 
in  the  following  manner : Let  A C, 
in  the  annexed  figure,  represent  the 
gnomon,  A B the  shadow,  C B 
part  of  a ray  drawn  from  the  centre 
of  the  sun  passing  by  the  top  of  the 
gnomon,  and  terminating  the  sha- 
dow at  B.  These  lines  form  the  right- 
angled  triangle  ABC,  and  of  which 
the  two  legs  A B,  A C may  be  sup-  jj 
posed  given,  their  lengtfis  being 
accurately  found  by  measurement;  then  having  tho  two  sides, 
and  knowing  the  angle  at  A to  be  a right  angle,  the  angles  at  B 
and  C are  easily  found  by  the  known  rules  of  trigonometry  : 


the  former  of  which  will  give  the  sun's  meridian  altitude,  and 
hence  the  latitude  of  the  place. 

This  method  of  observation,  however,  is  by  no  means  accu- 
rate, as  is  proved  by  the  following  deficiencies  in  the  ancient 
observations  made  in  this  manner:  1.  The  astronomers  did 

not  take  into  account  the  sun's  parallax,  which  makes  his 
apparent  altitude  less  than  it  would  be  if  the  gnomon  were 
placed  at  the  centre  of  tho  earth.  2.  They  neglected  refrac- 
tion, by  which  the  apparent  height  of  the  sun  is  somewhat 
increased.  3.  They  made  their  calculations  as  if  the  shadows 
were  terminated  by  a ray  coming  from  the  sun's  centre; 
whereas  it  is  bounded  by  one  coming  from  the  upper  edge 
of  his  limb.  These  errors,  however,  may  be  easily  allowed  for ; 
and  when  this  has  been  done,  the  ancient  observations  arc 
generally  found  to  coincide  nearly  with  those  of  the  moderns. 

Gnomon,  in  Dialling,  is  the  stylc-pin,  or  cock  of  a dial,  the 
shadow  of  which  points  out  the  hours.  This  is  always  sup- 
posed to  represent  the  axis  of  the  world,  to  which  it  is  there- 
fore parallel,  or  coincident,  the  two  ends  of  it  pointing  straight 
to  the  north  and  south  poles  of  the  world. 

Gnomon,  in  Geometry,  is  the  space  included  between  the 
lines  forming  two  similar  parallelograms,  of  which  tbe  smaller  is 
inscribed  within  tho  larger,  so  as  to  have  one  angle  in  each  com- 
mon to  both. 

Thus  A G F E and  A B C D being 

1 C similar  parallelograms,  having  a 

common  angle  at  A ; then  the 
space  6BCFDE  is  called  a 
gnomon.  In  the  same  manner,  if 
G F and  E F be  prodoced  to  H and 
I,  forming  another  similar  paralle- 
logram FlIC I*  then  is  also  tbe 
space  FHBADI  a gnomon ; 
and  the  same  may  otherwise  bo 
formed  about  the  angles  D and  B. 

Gnouonic,  or  Gnomonicsl  Projection,  that  which  repre- 
sents the  circle  of  a hemisphere  upon  a plane  touching  it  in  tho 
vertex,  by  lines  or  rays  from  the  centre  of  tbe  hemisphere  to  all 
the  points  of  the  circles  to  be  projected.  In  this  projection  all 
the  great  circles  of  the  sphere  are  projected  into  right  lines. 
Any  lesser  circle  parallel  to  tbe  plane  of  projection,  is  project- 
ed into  a circle.  And  any  lesser  circle  not  parallel  to  the  plane 
of  projection,  is  projecteu  into  a conic  section.  The  guomonic 
projection  is  also  called  the  horoiogiographie  projection,  because 
it  is  the  foundation  of  dialling.  In  other  respects  it  is  not  much 
used,  because  tbe  circles  of  the  sphere  are  projected  into  conic 
sections,  which  are  difficult  to  be  described.  However,  this 
projection  has  its  conveniences  in  the  solution  of  some  pro- 
blems of  tbe  sphere,  on  account  of  tbe  great  circles  being  all 
projected  into  right  lines.  Emerson  has  given  a theory  and 
practice  of  tho  gnomonio  projection,  in  nis  treatise  on  the 
“ Projection  of  the  Sphere.'1 

Gnomonics,  tbe  art  of  dialling,  or  of  drawing  sun  and  moon, 
dials.  Sec.  on  any  given  plane,  so  called,  as  it  shews  how  to  find 
the  hour  of  the  day,  &c.  by  the  shadow  of  the  gnomon  or  style. 

GNOSTICS,  in  Church  History,  a sect  of  Christians,  so 
called  from  their  pretensions  to  be  more  enlightened  than 
others,  and  from  their  affecting  to  be  able  to  bring  mankind  to 
tbe  knowledge  of  the  true  God. 

GOAT,  in  Zoology.  Capra,  a genus  of  quadrupeds,  of  the 
order  of  pecora,  of  which  there  are  nine  species  and  varieties, 
viz.  1.  Capra  Ibex,  found  in  several  parts  of  Europe  and  Asia, 
dwells  in  mountainous  parts,  and  is  an  animal  of  great  strength 
and  agility.  The  colour  is  a grayish  brown.  2.  Capra  ASgagrus, 
or  Caucasian  Ibex,  Inrger  than  the  common  goat,  in  some  de- 
gree resembles  a stag.  The  female  has  neither  horns  nor  beard. 
It  inhabits  the  highest  parts  of  mount  Caucasus,  nod  is  strong 
and  swift  3.  Capra  Hircus,  or  common  goat,  found  in  almost 
every  part  of  the  globe  is  various  of  colour,  being  black, 
brown,  white,  or  spotted.  The  flesh  is  good  when  young,  and 
the  skin  is  used  for  making  gloves.  The  goat  goes  with  young 
four  months  and  a half.  Tbe  leather  made  of  the  skin  of  the 
Chamois  goat  is  highly  esteemed.  The  following  are  the 
principal  varieties  of  the  common  goat : 1.  Capra  Mainbrica, 

or  Syrian  goat,  is  remarkable  for  its  ears,  which  arc  long  and 
pendulous.  2.  Capra  Angorcnsis,  or  Angora  goat,  is  geueratly 
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of  a milk-white  colour,  short-legged . with  black,  spreading, 
spirally  twisted  horns,  and  the  hair  on  the  body  hanging  in 
spiral  ringlets.  Front  this  hair  fine  camblct*  arc  made.  3. 
Capru  Depressa.  or  African  goat,  is  a very  small  kind,  found  in 
some  parts  of  Africa,  4.  Capra  Keversn,  or  Wbidah  goat,  is 
ulso  a dwarf  variety  found  in  Africa,  where  it  is  much  esteemed 
as  an  article  of  food.  5.  Long-horned  W hi  dab  goat  0.  Capri- 
corn goat. 

COBH'S,  the  Goby,  in  Natural  History,  a genus  of  fishes  of 
tile  order  thoracici,  of  w hich  there  are  twenty-five  species. 

GOD,  the  Supreme  Being,  the  first  Cause,  or  Creator  of 'the 
universe,  the  upholder  and  governor  of  all  tilings,  and  the  ouly 
true  object  of  religious  worship. 

GODFATHERS  and  GODMOTHERS,  persons  who  at  the 
baptism  of  infants  lay  themselves  under  an  indispensable 
obligation  to  instruct  them  in  the  principles  of  Christianity, 
and  watch  over  their  conduct. 

GOGGLES,  in  Surgery,  instruments  used  for  the  cure  of 
squinting,  or  that  distortion  of  the  eyes  which  occasions  this 
disorder.  They  are  short  conical  tubes,  composed  of  ivory 
stained  black,  with  a thin  plate  of  the  same  ivory  fixed  in  tho 
tubes  ; through  the  centre  of  the  plates  is  a small  circular  bole, 
about  the  size  of  the  pupil  of  the  eye,  for  the  transmission  of 
the  rav  s of  light. 

GOLD.  See  Auhum. 

Gold  IFire,  a cylindrical  ingot  of  silver,  superficially  gilt,  or 
covered  with  gold  at  the  fire,  and  afterwards  drawn  succes- 
sively through  a great  number  of  little  round  holes,  of  a wire- 
drawing iron,  each  less  than  the  other,  till  it  is  sometimes 
no  bigger  than  a hair  of  the  head. 

Gold  Wirt,  flatted,  is  the  former  wire  flatted  between  two 
rollers  of  polished  steel,  to  fit  it  to  be  spun  on  a stick,  or  to  be 
used  flat,  as  it  is  without  spinning,  in  certain  stuffs,  laces, 
embroideries,  kc. 

Gold  Thread,  or  Spun  Gold,  is  flatted  gold  wrapped  or  laid 
over  n thread  of  silk,  by  twisting  it  with  a wheel  and  iron 
bobbins. 

Gold  Beating.  A quantity  of  pure  £old  being  melted  and 
formed  into  an  ingot,  reduced,  by  forging,  into  a plate  about 
the  thickness  of  a sheet  of  paper;  the  gold-beaters  cut  the 
plate  into  little  pieces  about  an  inch  square,  and  lay  them  in 
tbe  first  or  smallest  mould  to  begiu  to  stretch  them  ; after  they 
have  been  hammered  here  a while  with  the  smallest  hammer, 
they  cut  each  of  them  into  four,  and  put  them  into  the  second 
mould,  to  be  extended  further.  Upon  taking  them  hence,  they 
cut  them  again  into  four,  and  put  them  into  the  third  mould, 
out  of  which  they  are  taken,  divided  into  four  as  before,  and 
laid  in  tbe  last  or  finishing  mould,  where  they  are  beaten  to 
the  degree  of  thinness  required.  They  take  them  oot  of  the 
mould,  and  dispose  them  into  little  paper  books,  prepared  with 
a little  red  bole  for  the  gold  to  stick  to ; cacb  book  ordinarily 
contains  25  gold  leaves. 

Gold,  B%nrnit hed.  that  smoothed  or  polished  with  a burnisher. 

Gold,  Mosaic,  that  applied  in  pannels  on  proper  ground, 
distributed  into  squares,  lozenges,  and  other  compartments, 
part  whereof  is  shadowed,  to  brighten  or  raise  the  rest. 

Gold,  Shell,  that  used  by  tbe  illuminers,  for  writing  gold 
letters.  It  is  made  of  leaf-gold,  reduced  into  an  impalpable 
powder,  by  grinding  on  a marble  with  honey.  After  leaving 
it  to  infuse  some  time  in  aquafortis  they  put  it  in  shells,  where 
it  sticks.  To  use  it,  they  dilute  it  with  gum-water,  or  soap- 
water. 

Gold,  Pure,  that  porged  by  fire  of  all  its  imparities,  and  all 
alloy.  The  moderns  frequently  call  it  gold  of  24  carats-  Gold 
of  22  carats  has  one  part  of  silver,  and  another  of  copper; 
that  of  23  carats  has  half  a part  (that  is,  half  a twenty -fourth) 
of  each. 

GOLDEN  Number,  in  Chronology,  a number  shewing  what 
year  of  the  Metonic,  or  lunar  cycle,  any  given  year  is.  To  find 
the  golden  number,  add  I to  the  given  year,  and  divide  the 
sum  by  19;  what  remains  will  be  tbe  golden  number;  unless 0 
remain,  for  then  19  is  the  golden  number.  The  discovery  of 
tbe  Metonic  cycle  exhibited  such  extensive  astronomical  know- 
ledge, that  it  obtained  great  success  and  reputation  in  Greece, 
insomuch  that  tbe  order  of  the  period  was  engraved  io  letters 
of  gold  ; whence  it  acquired  tbe  name  of  golden  number. 


Golden  Rule,  the  name  usually  given  by  arithmeticians  to 
the  Rule  of  Proportion,  or  Rule  of  Three,  on  accouut  of  its 
extensive  usefulness. 

GOLDSMITH,  or  Silversmith,  an  artist  who  makes  ves- 
sels, utensils,  and  ornaments,  in  gold  and  silver.  The  work  is 
either  performed  in  the  mould,  or  heal  out  with  the  hammer, 
or  other  engine.  All  works  that  have  raised  figures  arc  cast  in 
n mould,  and  afterwards  polished  and  finished:  plates,  or 
dishes,  of  silver  or  gold,  arc  heal  out  from  thiu  flat  plates,  and 
tankards  and  other  vessels  of  that  kind  are  formed  of  plates, 
soldered  together,  and  their  mouldings  are  beat,  not  cast.  Tbe 
goldsmith  is  to  make  bis  own  moulds,  and  for  that  reasou 
ought  to  he  a good  designer, and  have  a taste  in  sculpture;  he 
also  ought  to  know  enough  of  metallurgy  to  be  able  to  assay 
mixed  metals  aud  to  mix  the  alloy. 

GUNDOLA,  a sort  of  barge,  curiously  ornamented,  and 
navigated  on  the  canals  of  Venice.  The  middle-sized  gon- 
dolas are  upwards  of  thirty  feet  long,  and  four  broad  ; they 
always  terminate  at  each  end  in  a very  sharp  point,  which  is 
raised  perpendicularly  to  tbe  full  height  of  a mao. 

GONG,  in  Music,  a Chinese  instrument  made  of  an  alloy  of 
twenty  parts  tin  and  seventy-eight  copper,  which  is  brittle,  and 
1 malleable  when  it  is  tempered,  and  can  accordingly  lie  wrought 
easily  ; but  it  becomes  hard,  elastic,  and  brittle,  when  it  is 
allowed  to  cool  in  the  opeo  air.  It  is  made  in  the  first  of  those 
states,  and  is  afterwards  rendered  elastic  and  hard.  If  struck 
with  a hard  body  it  would  break  ; hut  if  struck  with  a piece  of 
leather,  tbe  sound  is  at  first  very  small,  but  by  vibration  it  is 
communicated  to  the  rest  of  tbe  mass,  and  becomes  a very 
loud  and  terrible  noise. 

GONIOMETER,  an  instrument  for  measuring  angles  of 
crystals,  8cc.  The  simplest  of  these  is  a semicircular  scale  of 
degrees  A A,  and  a small  pair  of  nippers  BB  B B destined  to 
receive  the  crystal,  or  other  body  of  which  the  angle  is  to  be 
measured.  The  centre  is  made  moveable,  so  as  to  permit  the 
legs  B B and  B C B to  be  lengthened  or  shortened  by  meaus  of 


the  perforation.  The  crystal  to  be  measured  is  applied  be- 
tween  tbe  compasses,  which  being  thus  set,  are  applied  to  the 
semicircular  scale,  and  the  value  of  the  angle  may  be  read  off 
at  its  edge.  Hence  in  the  figure  it  is  set  at  30*. 

GONIOMETRY,  is  a method  of  measuring  angles  with  a 
pair  of  compasses,  and  that  without  any  scale  whatever,  exeept 
a semicircle. 

GON1UM,  in  Natural  History,  a genus  of  the  vermes  infu- 
soria, a worm  very  simple,  flit,  angular,  and  invisible  to  the 
naked  eye.  There  are  five  species,  of  which  G.  pcctorale  is 
found  in  pure  water;  molecules  oval,  nearly  equal  in  sixe,  set 
in  a quadrangular  membrane  like  diamonds  in  a ring,  the  lower 
ones  larger  than  the  rest. 

GOOD  Behaviour,  in  Law.  Surety  for  good  behaviour,  is 
the  bail  for  any  person's  good  conduct  for  a certain  time  ; as 
surety  for  the  peace  is  a recognisance  taken  by  a competent 
judge  of  record  for  keeping  the  king's  peace.  Justices  of  the 
peace  msy  also  bind  persons  of  evil  fame  to  their  good 
behaviours. 

GOOGIN’GS,  certain  clamps  of  iron  or  other  metal,  bolted 
on  the  stern-post  of  a ship,  whereon  to  hang  the  rudder,  for 
which  purpose  there  is  a hole  in  each  of  them  to  receive  a cor- 
respondent spindle,  bolted  on  the  back  of  tbe  rudder,  which 
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turns  thereby  a*  upon  hinges.  There  are  generally  four,  five,  ) 
or  bix  goopititfs  on  a ship's  stern-posts  and  rudder,  according 
to  her  size,  and  upon  these  the  rudder  is  supported,  and  tra- 
verses from  side  to  side  as  upon  an  axis.  See  the  article  lit  lw. 

GOOSEBERRIES.  For  culinary  purposes  gooseberries  are 
generally  employed  before  they  are  ripe;  but  this  is  founded 
on  erroneous  notions  of  their  chemical  properties,  since,  either 
for  sauces  or  wine,  though  they  are  more  cool  and  refreshing, 
they  do  not  possess  the  delicate  flavour  and  rich  saccharine 
qualities  which  are  inherent  in  the  ripe  fruit.  Wine  made  of  . 
gooseberries  has  great  resemblance  to  Clmmpaigne.  In  the 
making  of  wine,  after  the  juice  has  been  expressed,  it  is  cus- 
tomary to  throw  away  the  skins  of  the  fruit.  These,  however,  i 
may  with  advantage  be  employed  in  distillation,  as  they  afford  ' 
an  agreeable  spirit  some*  hat  resembling  brandy.  When  kept 
a few  months,  this  spirit  is  said  to  be  little  inferior,  cither  in  1 
strength  or  flavour,  to  the  best  Cognise  brandy.  Vinegar  may 
be  made  from  gooseberries.  Nome  of  flic  kinds  arc  bottled 
while  green,  and  kept  for  winter  use ; and  others  ore,  for  the 
same  purpose,  preserved  with  sugar.  Gooseberries  vary  much 
in  colour,  size,  and  quality.  Nome  are  smooth,  and  others 
hairy.  Some  arc  red,  others  green,  and  others  yellow  or 
amber  coloured.  Wild  gooseberries  are  greatly  inferior  in  size 
to  those  which  arc  cultivated  in  gnrdcns. 

GOOSE  Ntct,  a sort  of  iron  hook  fitted  on  the  inner  end 
of  a boom,  and  introduced  into  a clamp  of  iron  or  eye-bolt, 
which  encircles  the  mast,  or  is  fitted  to  sotno  other  place  in  the 
ship,  so  that  it  may  be  unhooked  at  pleasure. 

Goose.  IVinyt  of  a Sail,  the  clues  or  lower  corners  of  a ship's 
main-sail  or  fore-sail,  when  the  middle  part  is  furled  or  lied  up 
to  the  yard.  The  goose  wings  arc  only  used  in  a storm,  to  scud 
before  the  wind,  when  the  sail,  even  diminished  by  ft  reef, 
would  be  too  great  a press  on  the  ship  in  that  situation. 

GOKDKJS,  Hair  (furrn,  a genus  of  the  vermes  intestirm 
class  and  order.  There  are  five  species.  G.  aquations  is  from 
four  to  six  inches  long,  of  a pale  brown  colour,  and  darker  at 
the  extremities;  it  is  found  in  stagnant  waters,  and  twists 
itself  into  various  contortions  and  knots;  if  handled  without 
oaution,  it  will  inflict  a bite  that  occasions  the  whitlow. 

GORING,  or  Gorino-Cloth,  that  part  of  the  skirts  of  a 
sail  where  it  gradually  widens  from  the  upper  part  or  head, 
towards  the  bottom  or  fool;  the  goring-cloths  urc.  therefore, 
those  which  are  cut  obliquely  and  added  to  the  breadth.  See 
the  article  Sail. 

GOSS  AM  KR,  the  name  of  a fine  filmy  substance,  like  cob- 
web. seen  to  float  in  the  air  in  clear  days  in  autumn,  is  probably 
formed  by  the  flying  spider,  which  in  traversing  the  air  for 
food,  shoots  out  these  threads  from  its  anui,  which  are  borne 
down  by  the  dew,  &c. 

GOSSYPIUM,  or  Cotton,  a genus  of  the  polyandria  order, 
in  the  tnonadclphia  class  of  plants,  and  in  the  natural  order  of  > 
rolumnifersr.  See  page  1GB  for  a description  of  Cotton.  In  | 
warm  countries  cotton  plants  are  cultivated  in  great  quantities 
in  the  fields,  for  the  sake  of  the  cotton  they  produce  • but  the 
first  species  is  most  generally  cultivated.  The  pods  are  some- 
times as  large  as  middling-sized  apples,  closely  filled  with  the 
seed  surrounding  the  cotton. 

It  is  impossible  to  ascertain  with  precision  tho  actual  amount 
of  any  of  the  great  manufactures  of  the  kingdom  ; but  of  cot- 
ton it  may  be  safely  asserted,  that  the  value  is  from  thirty  to 
forty  millions  of  pounds  sterling  per  annum.  The  average 
annual  amount  of  cotton-wool  imported  during  the  last  seven 
years  was  145.000, 000  lbs.,  from  which  deduct  15  millions  for 
exports,  and  10  millions  for  cotton-wool  used  at  homo  in  an 
unmanufactured  state,  120  millions  remain.  Taking  the  price 
of  this  wool  at  Is.  per  lb.,  and  the  increase  of  value  by  manu- 
facture at  Ave  times  the  cost  of  the  raw  material,  the  amount 
will  stand  thus: — 

100,000,000  lb.  of  cotton  at  Is.  per  lb.  £6.000,000 
Increased  value  by  manufacture. ....  .30,000,000 

Gross  amount — — £36,000,000 

Average  value  of  cotton  manufactures  exported. . 16,500,379 

Home  consumption £19,439,621  j 

This  result  is  not  very  dissimilar  to  the  statement  made  by 
the  president  of  the  Board  of  Trade  iu  the  House  of  Commons,  1 
42. 


on  the  flth  of  March,  1821,  that  the  annual  value  of  eotto;> 
goods  manufactured  had  risen  to  the  incredible  amount  of 
£33.337.000. 

Every  part  of  the  cotton  trade,  from  the  importation  of  the 
raw  material  to  its  completion  by  the  weaver,  the  bleacher,  the 
dyer,  and  the  calico  printer,  is  carried  on  in  Lancashire,  but 
the  branch  for  which  Manchester  is  chiefly  distinguished  is 
the  spinning.  In  this  department  of  the  trade  there  arc  at  pre- 
sent (August,  1825.)  104  spinning  factories  in  the  townships  of 
Manchester,  Chorlton-row,  Ardwick,  Salford,  Pendleton,  and 
Hulme,  worked  by  110  steam-engines,  of  the  aggregate  power 
of  3608  horses.  In  the  year  1787,  the  number  of  spinning 
factories  in  the  county  of  Lancaster  amounted  only  to  42,  and 
those  were  in  general  of  a magnitude  very  inferior  to  the  mills 
which  at  present  exist  in  this  place. 

From  a calculation  made  in  1817,  it  appears,  (hat  the  num- 
ber of  persons  then  employed  in  the  spinning  of  cotton  in  this 
country  was  110,708;  that  tho  aid  they  derived  from  steam  was 
equal  to  the  power  of  90.768  horses:  and  that  the  number  of 
spindles  in  motion  was  6,645,833.  By  this  immense  process 
3,987,600,000  hanks  of  cotton  yarn  were  produced  yearly,  taking 
the  average  nt  40  hanks  to  the  pound  ; and  the  quantity  of  coal 
consumed  in  their  production  is  stated  at  5000  tons. 

Raw  cotton  converted  into  yarn  in  the 

United  Kingdom  in  1817, 110,000,0001b. 

Loss  in  spinning  estimated  at  l|oz. 

per  pound 10,312,600 


Quantity  of  jarn  produced,  .. 90,687,5001b. 

Number  of  hanks,  taking  the  average  at  40 

per  lb 3,937,500,000  lb. 

Number  of  spindles  employed,  each  spindle 
being  supposed  to  pruduce  two  hanks  per 
day,  at  300  working  days  in  the  jear,  ....  6,645,833 

Number  of  persons  employed  in  spinniug, 
supposing  each  to  produce  120  hanks  per 

day, 110,763 

Horse  power  employed,  equal  in  number  to  2U,768 


Four  ounces  and  a half  of  coal  estimated  to  produce  one  hank 
of  No.  40;  and  l80lb.  of  coal  per  day,  equal  to  ono-horsc 
power. 

The  increase  of  manufactures  since  1817  has  been  consider- 
able, certainly  not  less  than  20  per  cent,  aa  will  appear  from 
the  increased  average  annual  quantity  of  cottonwool  imported. 

The  number  of  men  employed  in  1825,  in  one  branch  of  the 
eotton  manufacture  in  Great  Britain,  rir.  iu  cotton  twist 
spinning,  amounts  to  250,000.  and  these  men,  aided  by  the 
power  of  water  and  steam,  as  first  movers  to  machinery,  spin 
as  much  thread  as  could  have  been  span  before  tho  introduc- 
tion of  such  machinery  by  the  hands  of  24  millions  of  men  ; and 
this  calculation  respecting  the  power  of  machinery  is  supported 
by  a fact  otherwise  inexplicable;  namely,  that  cotton  wool 
grown  in  Hindoostan,  is  imported  into  Britain,  where  it  is 
manufactured,  and  afterwards  returned  to  Hindoostan,  and 
sold  there  at  prices  ruinous  to  the  Indian  manufacturer, 
although  bis  workmen  are  contented  with  the  slender  wages  of 
two-pence  a day ! 

About  four-fifths  of  the  wholo  amount  of  the  cotton  trade  of 
the  kingdom  centres  in  the  county  of  Lancaster ; and  it  is 
calculated  that  the  capital  employed  in  Lancashire  in  this  trade 
alone,  in  buildings  and  machinery,  amounts  to  £8,090.000. 
Steam,  it  has  been  already  observed,  is  now  applied  to  a con- 
siderable extent  in  the  weaving  as  well  as  in  the  spinning and 
we  have  ascertained,  that  there  arc  at  present  (July  1825)  in 
the  parish  of  Manchester  alone,  upwards  of  20,000  steam  looms 
in  motion.  In  Mr.  Guest's  book  on  “ The  Cotton  Manufac- 
tures,'' the  number  of  steam  or  power  looms  in  Great  Britain 
were  estimated  at  10,000;  that  estimate  was  even  too  low,  and 
the  probability  is,  that  there  are  now  in  England  and  Scotland 
not  fewer  than  40,000  power  looms  employed  in  the  weaving  of 
cotton  alone,  8000  of  which  arc  in  Scotland. 

GOTHIC  Style,  in  Architecture.  The  characteristics  of 
this  manner  of  building  are  pointed  arches,  greater  height 
than  breadth  in  the  proportions,  and  profuse  ornament,  cbirfly 
derived  from  an  imitation  of  the  leaves  and  flowers  of  plants. 
See  Architecture. 
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GOUGE,  *n  instrument  or  tool  used  by  diver*  artificer*, 
being  a sort  of  round  hollow  chisel  for  cutting  holes,  &c.  cither 
in  wood  or  stone. 

GOUGING,  is  the  name  given  to  a barbarous  practice  in  the 
southern  states  of  North  America,  where  two  nun  fight,  and 
endeavour  with  their  thumbs  to  scoop  out  each  other's  eyes. 

GOVERNMENT,  in  general,  is  the  polity  of  a state,  or  an 
orderly  power  constituted  for  the  public  good.  Civil  govern- 
ment was  instituted  for  the  preservation  and  advancement  of 
men's  civil  interests,  and  for  the  better  security  of  their  lives, 
liberties,  and  properties.  The  various  forms  of  government 
may  be  reduced  to  one  of  these  heads  ; either  the  civil  autho- 
rity is  delegated  to  one  or  more,  or  rise  it  i*  still  reserved  to 
the  whole  body  of  the  ppople  ; whence  arises  the  distinction  of 
government  into  monarchy,  aristocracy,  and  democracy.  A 
mixed  government  is  composed  by  the  combination  of  the 
simple  forms.  The  government  oi'  this  country  is  a mixed 
government,  being  formed  by  a combination  of  the  three  regu- 
lar species  : the  monarch v residing  in  the  king,  the  aristocracy 
in  the  bouse  of  peers,  and  the  republic  being  represented  by 
the  house  of  commons,  so  as  to  unite  the  advantages  and  ex- 
clude the  inconveniences  of  the  several  simple  forms.  The 
executive  power  of  the  laws  being  lodged  in  a single  person, 
they  have  all  the  advantages  of  strength  and  despatch  that  are 
to  be  found  in  the  most  absolute  monarchy,  and  the  legislature 
of  the  kingdom  being  intrusted  to  three  distinct  powers, 
entirely  Independent  of  each  other,  anil  actuated  l»y  riilferent 
springs,  and  aitrntive  to  different  interests,  there  can  he  no 
inconvenience  attempted  bj  either,  but  will  be  understood  by 
one  of  the  other  two. 

GOVERNOR,  a contrivance  for  equalising  the  motion  of 
mills  and  machinery.  When  any  part  of  the  machinery  of  a 
mill  is  suddenly  stopped,  or  suddenly  set  going,  and  the  mov- 
ing power  remains  the  same,  an  alteration  in  the  velocity  of 
the  mill  will  take  place;  and  it  will  move  faster  or  slower. 
Every  machine  having  a certain  velocity  at  which  it  will  work 
to  more  advantage  than  at  any  other,  the  change  of  velocity 
arising  from  the  foregoing  cause,  is  in  all  rases  a disadvantage, 
and  in  delicate  operations  exceedingly  hurtful.  In  n cotton- 
mill,  for  instance,  which  is  calculated  to  move  tho  spindles  at  a 
certain  rate,  if  from  any  cause  the  velocity  is  increased,  a loss 
of  work  immediately  takes  place,  and  an  increase  of  waste 
from  the  breaking  of  threads,  ficc. ; on  the  other  hand,  there 
must  be  an  evident  loss  from  the  machinery  moving  slower 
than  is  necessary. 

In  steam-engines  this  evil  is  remedied  by  a contrivance 
colled  a Governor , (see  the  Plate,  fig.  1.^  Two  balls  are  fixed 
to  the  ends  of  rods,  in  continual  revolution,  and  as  soon  as  the 
motion  becomes  a little  too  rnpid,  the  balls  rise  considerably, 
and,  by  the  intervention  of  a lever,  act  upon  a throttle-valve, 
which  diminishes  the  quantity  of  steam  admitted,  and  of  course 
serves  to  make  the  motion  less  rapid. 

The  Steam-engine  Governor. — I K.  fig,  1,  represents  a spin- 
dle kept  in  motion  by  the  engine;  A.  B.  the  centrifugal  balls; 
C A.  and  C B,  the  rods  which  suspend  the  ball*.  These  rods 
cross  one  another,  and  pass  through  the  spindle  at  C,  where 
the  whole  are  connected  by  a round  pin  put  through  the  spin- 
dle and  the  rods  at  C.  which  serves  as  the  point  of  suspension 
for  the  centrifugal  halls  or  revolving  pendulum.  A part  of  the 
spindle  above  C,  is  square,  and  nicety  polished,  so  that  the 
piece  of  brass,  M,  may  slide  easily  upon  it.  The  piece  of  brass 
M is  round  on  the  outside,  and  ha*  an  external  groove  turned 
npon  the  upper  end  of  it  to  receive  the  lever  N O,  whose  ful- 
crum is  at  P.  This  piece  of  brass  is  connected  with  the  ball- 
rods  by  two  abort  pieces  and  joints  I)  E,  F G.  The  construction 
of  steam-engine  governors  sometimes  differs  a littlo  from  that 
now  described  ; but  if  this  construction  be  understood,  there 
will  be  no  difficulty  in  comprehending  any  other. 

Operation. — When  the  engine  goes  too  fast,  the  balls  fly  off 
from  the  spindle,  and  depress  the  end.  N.  of  the  lever,  which 
partly  shuts  the  throttle-valve,  and  diminishes  the  quantity  of 
ulearn  admitted  into  the  cylinder ; and,  on  the  other  hand, 
when  the  engine  goes  tno  slow  the  balls  fall  down  toward  the  , 
spindle,  and  elevate  the  end  N of  the  lever,  which  partly 
opens  the  throttle-valve,  and  increases  the  quantity  of  steam  | 
admitted  into  the  cylinder. 


Governor  for  a Wind-mill.— In  a wind-mill,  when  the  veloeity 
is  increased  by  the  irregular  anion  of  the  wind,  the  corn  is 
sometimes  forced  rapidly  through  the  mill  without  being  suffi- 
ciently ground.  There  is  a contrivance  for  preventing  this, 
(similar  to  the  governor  of  a steam-engine,  1ml  which  was 
much  earlier  in  use,)  and  called  in  some  parts  of  England  a iift- 
tenter.  By  means  of  the  centrifugal  force  of  one  or  more  bails, 
which  fly  out  as  soon  as  the  velocity  is  augmented,  and  allow  a 
lever  to  rise  with  them,  the  upper  mill-stone  ia  made  lo 
descend,  and  bring  it  a little  nearer  to  the  lower  one.  This 
machine,  says  Dr.  Gregory  , is  curious,  and  might  perhaps  in 
other  cases  be  usefully  applied.  We  shall,  therefore,  describe 
two  constructions  on  the  same  principles. 

First  Construction  of  I.ift-trntrrs  for  Wind-mills. — This  ma- 
chine, and  part  of  the  stoue-xpindic  and  framing  with  which  it 
is  connected,  are  represented  in  the  Plate,  fig.  3.  To  the 
stone-spindle  there  are  fixed  four  arms  A,  A,  A,  A;  and  there 
are  four  similar  arms  II,  II,  H,  11,  firmly  attached  to  the  ho'.low 
cylinder  C,  which  is  loose  on  the  spindle  FG.  The  pendulums 
l3,  I),  l>.  D,  arc  hung  above,  to  the  anus  A,  A,  A,  A,  and  through 
holes  toward  their  lower  extremities  pass  the  arms  of  the  loose 
cylinder.  When  the  mill  is  at  rest,  the  pendulums  hang  ver- 
tically; but,  by  their  centrifugal  force,  when  the  mill  is  in 
motion  they  hang  obliquely  ; and  that  obliquity  is  increased  in 
proportion  to  the  velocity,  and  proportionately  raises  the  loose 
cylinder  C.  This  cylinder  C acts  on  the  one  end  of  the  lever  E, 
which  has  a connexion  with  the  clove  upon  which  the  bridge 
of  the  stonc-spindlc  rests,  and  accordingly  raises  or  depresses 
the  upper  mill-stone  in  proportion  as  the  wind  blows  weak  or 
strong. 

Second  ( 'oust  met  ion. — Another  modification  of  the  same  prin- 
ciple (applied  above  the  mi//-itoar«,)  but  hating  one  pendulum 
only,  is  represented  by  fig.  4,  and  will  lie  easily  understood 
from  what  has  been  said  respecting  tho  first  construction  of  the 
old  lil't-tentcrs. 

Water-wheel  Governors. — Governors  are  sometimes  applied 
to  water-wheels,  and  made  on  various  constructions.  Smiths’ 
bellows  have  been  applied  to  that  use,  the  upper  board  rising 
or  falling  in  proportion  to  the  velocity  of  the  lower  board, 
which  received  its  motion  from  the  mill.  But  we  shall  describe 
a construction  which  has  for  several  years  been  at  work  in 
Cartside  cotton-mill,  erected  under  the  direction  of  the  late 
Robert  Burns,  Esq. 

First  Construction. — The  principles  of  this  water-wheel 
governor  are  nearly  the  same  as  those  of  the  steam-engine 
governor.  It  has  a revolving  pendulum  which  receives  its 
motion  from  the  mill,  and  in  proportion  as  the  machinery 
moves  faster  or  slower,  the  centrifugal  force  acts  upon  the 
governor,  and  raises  or  depresses  an  iron  cross,  which,  acting, 
on  a lever,  reverses  the  motion  by  the  wheel-work,  which  ope- 
rates  upon  a sluice  so  as  to  enlarge  or  lessen  the  passage  of 
the  water  to  the  water-wheel ; this  sluice  is  made  on  the  prin- 
ciples of  the  throttle-ralve,  that  it  may  be  moved  by  a small 
power.  So  long  ax  tho  machinery  is  moving  at  a proper  velo- 
city, this  wheel-work  of  the  sluice  apparatus  remains  at  rest. 
Fig.  6,  represents  different  views  of  this  machine,  and  some  of 
its  parts  detached.  The  same  letter  in  all  the  figures  refers  to 
the  same  part.  The  revolving  pendulum  EFG  II,  receives  it* 
motion  from  the  mill-work  by  means  of  a rope  giving  motion  in 
a pulley  I.  The  upright  shaft  M N,  is  kept  in  constant  motion 
by  the  wheel-work  OPRS.  The  wheel  N acts  constantly  into 
the  two  bevelled  wheels  T and  U,  and  makes  them  ynove  in 
contrary  directions.  They  are  loose  on  the  shaft  when  the 
mill  is  going  at  its  proper  speed.  But  if  the  mill  moves  either 
too  fast  or  too  slow,  tho  one  of  these  wheels,  by  means  of  n 
clutch  Q,  in  a way  to  be  described,  is  connected  with,  and 
carries  round,  the  lying  shaft  DC,  and.  by  a pair  of  bevelled 
wheels,  communicates  motion  to  the  oblique  shaft  B W ; which 
axnin,  by  a screw  X,  and  quadrant-wheel  Y,  move*  the  sluice 
Z,  and,  by  making  it  stand  more  or  less  oblique,  alters  the  area 
of  the  passage  for  the  water. 

From  inspecting  fig.  6,  No.  1,  it  will  appear  evident  that  tho 
box  a,  will  be  raised,  or  depressed,  in  proportion  as  the  balls 
E and  F.  of  tho  revolving  pendulum  EFG  II,  arc  n.movcd  fur- 
ther or  brought  nearer  to  the  centre  of  motion : for  when 
the  velocity  is  greatest,  the  balls  E and  F,  by  their  ccntri- 
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fugal  force,  nil!  extend  themselves  farthest  from  the  centre  of 
motion,  aud  raise  the  box  a.  See  also  fig.  5,  No.  2,  No.  3,  and 
No.  4.  To  the  box  a,  is  fixed  a cross  Ac.  There  is  a forked 
lever  dge,  the  fulcrum  of  which  is  at/,  and  which  turns  liori. 
ron  tally.  This  forked  lever  has  four  prongs,  I,  2,  3.  4,  repre- 
sented distinctly  in  No.  3.  When  the  mill  is  at  its  proper 
speed,  the  cross  works  within  the  prongs  1 and  2;  in  this  situ- 
ation of  the  forked  lever,  the  clutch  Q is  disengaged  from 
both  the  wheels  T and  U,  and  they  move  on  their  hushes  with- 
out carrying  round  the  lying  shaft.  Sec  No.  2.  The  clutch  is 
made  to  slide  on  a part  of  the  shaft  which  is  square.  When 
the  mill  moves  too  quick,  the  cross  gland  is  raised,  anil,  in 
turning  round,  hits  the  prong  3,  which  immediately  causes  the 
lever  to  throw  the  clutch  into  the  arms  of  the  wheel  U.  This 
wheel  then  carries  the  clutch  and  shaft  round  with  it,  and  by 
the  means  already  described,  acts  on  the  sluice,  and  by  lessen- 
ing the  quantity  of  water  falling  on  the  wheel,  diminishes  its 
velocitv.  On  the  other  band,  when  the  mill  goes  too  slow,  the 
cross  is  depressed,  and,  striking  the  prong  4,  reverses  the 
motion  of  the  shaft,  and  so  produces  a contrary  ell'ect  on  the 
sluice.  Moreover,  iho  train  of  wheel-woik  is  so  calculated  as 
very  much  to  reduce  the  motion  at  the  sluice,  and  this  is  found 
from  experience  to  lie  necessary.  Were  the  area  of  the  aper- 
ture too  suddenly  changed,  the  effect  on  the  water-wheel  would 
be  too  violent.  Every  time  the  mill  is  stopped,  it  is  proper  to 
lift  the  wheel  R out  of  gear.  The  centre  on  which  the  sluice 
turns  should  be  one-third  of  its  height  from  the  bottom,  in 
order  that  tho  pressure  of  the  water  above  the  centre  may 
balance  that  below.  At  in  there  is  an  upright  shaft,  which  is 
worked  by  hand  when  required. 

Second  Construction  of  the  Water -wheel  Governor. — Fig.  0,  re- 

fircscnts  a sluice  regulator  as  executed  in  some  parts  of  Eng- 
and.  It  differs  little  front  that  already  described,  only  that 
the  lying-shaft  A B receives  its  motion  immediately  from  the 
mill,  instead  of  from  the  axle  of  the  revolving  pendulum,  as  in 
the  first  construction.  From  having  so  minutely  described  that 
construction,  the  attentive  reader  will  find  no  difficulty  in  com- 
prehending fig.  <>,  from  inspecting  the  Plate.  Sec  Buchanan’s 
Essays  on  Mill  Work. 

GRACE,  in  Music,  either  in  vocal  or  instrumental  per- 
formances, consists  in  giving  due  place  to  the  decorative  addi- 
tions, and  that  easy,  smooth,  and  natural  expression  of  ibe 
passages  which  best  conveys  the  beauties  of  the  composition. 

Grace,  Days  of,  three  days  immediately  followiog  the  time 
of  payment  of  a bill,  withio  which  the  creditor  must  protest  if 
payment  is  not  obtained,  in  order  to  entitle  him  to  recover  the 
amount  by  legal  proceedings  against  the  drawer,  acceptor, 
and  indorser — one  or  all. 

GRACULA,  the  Grahie , a genus  of  birds  of  the  order  pica. 
There  arc  13  species,  of  which  we  shall  notice  the  following: 
G.  kelegiosa,  or  the  minor  grnklc,  is  of  the  size  of  the  black- 
bird, is  found  iu  the  East  Indies,  is  rendered  familiar  with  tho 
greatest  case,  and  taught  to  speak  with  greater  facility  than 
even  the  parrot,  and  also  enounces  its  words  with  more  dis- 
tinctness. It  feeds  on  berries  and  fruits,  and  is  particularly 
partial  to  cherries.  The  paradisaea  tristis  is  rather  largei  than 
the  former,  and  inhabits  the  Philippine  islands.  It  is  exceed- 
ingly voracious,  and  has  been  known  to  swallow  a young  rat 
nearly  two  inches  long,  after  beating  it  against  the  wires  of  its 
cage  to  soften  it. 

GRADUATE,  one  who  has  taken  n degree  in  an  university. 
GRADUATION,  in  Mathematics,  the  act  of  graduating  or 
dividing  any  thing  into  degrees  or  equal  parts. 

GRAFTING,  in  Gardening,  inserting  a scion  or  shoot  of  a 
tree  inlu  another,  so  as  to  make  it  yield  fruit  of  the  same  nature 
with  that  of  ihe  tree  from  which  the  graft  was  taken.  The  ope- 
ration is  performed  in  the  following  manner:  cut  off  the  head 
of  the  stock  at  the  proper  height,  and  in  a fair  part  of  the  bark, 
making  a smooth  fiat  top.  The  most  proper  size  for  stocks  is 
from  half  an  inch  to  an  inch  in  diameter.  Dwarf  trees  are  to 
be  grafted  within  six  inches  of  the  ground,  and  standards  as 
high  as  the  slock  will  bear,  considering  whether  they  are  to 
be  half  or  full  standards.  The  scions  should  be  healthy  and 
strong,  and  taken  from  the  outsides  of  fruitful  trees,  where  the 
juices  of  the  wood  have  been  properly  digested  by  sun  and  air: 
they  should  be  taken  from  trees  just  iu  tbeir  prime,  i»i  at  full 


bearing,  and  not  before.  Let  them  be  cut  two  or  three  weeks 
sooner  than  wanted.  The  middle  of  scions  is  fittest  for  the 
purpose  ; but  do  not  cut  off  tho  tops  till  they  arc  brought  out 
to  graft,  for  they  keep  best  in  length.  Take  off  a little  of  the 
lower  end  of  the  scion  first,  and  then  cut  it  in  length  so  as  to 
have  three  or  four  eyes  to  appear  above  the  claying.  The  time 
for  grafting  is  usually  from  mid-February  to  mid-March  ; but 
iu  a forward  season  sooner,  and  in  a backward  one  sometimes 
later. 

Cleft-grafting  has  been  the  most  common  method.  The 
slocks  for  this  mode  should  l»c  strong,  about  three-quarters 
of  an  inch  diameter,  or  more;  but  it  may  be  used  witfi  very 
young  storks,  having  scions  of  like  thickness.  Cut  off  the 
head,  so  as  to  have  (on  the  sunny  side)  a smooth  part  in  the 
stock,  where  the  sciun  is  to  be  placed,  and  cutting  a part  of 
the  stock  off  slopewise,  opposite  to  tills  place,  leave  the  top  or 
the  crown  of  the  stock  about  half  an  inch  wide.  Then  cleave 
the  stock  with  a strong  knife,  or  thin  sharp  chisel,  about  two 
inches  deep,  as  near  the  middle  as  possible,  so  as  not  to  divide 
the  pith,  and  if  any  roughness  appears  in  the  slit,  smooth  it  off 
wish  a penknife  ; hut  something  of  tba  wedge  kind  must  be  put 
into  the  slit  to  keep  it  open  to  receive  the  scion,  leaving  pro- 
per room  to  put  it  in.  Cut  the  scion  on  each  side  to  Ihe  form 
of  a wedge  at  bottom,  an  inch  or  more  long,  making  that  side 
which  is  to  be  placed  inwards  in  the  stock,  thinner  by  about 
one-third.  Put  the  sciun  in,  so  that  its  bark  and  that  of  the 
stock  may  he  level ; and,  consequently,  that  the  two  barks 
may  unite  and  run  into  cacti  other;  for  on  this  one  principle 
depends  (he  whole  art  of  grafting.  The  graft  must  be  nicely 
whipped  round  with  wet  bass  pulled  light,  and  the  whole 
clay  ed  over  to  an  inch  above,  and  half  an  inch  below,  smooth- 
ing it  off  taper  with  a trowel  or  knife  dipped  in  water. 

Whip  graJ'tmg  has  the  advantage  of  cleft-grafting  in  neat- 
ness, and  not  requiring  the  stocks  to  be  so  old  by  a year  or 
two,  as  very  small  ones  will  do;  for  tbc  stock  is  directly 
covered  by  the  scion,  mid  it  takes  w ith  certainty  if  properly 
performed.  Having  cut  the  head  of  the  slock  off,  arid  the 
scion  to  its  proper  length,  slope  the  lower  end  of  the  scion 
about  an  inch  and  a half,  and  to  a point : then  cut  the  stork  to 
answer  it,  bark  against  bark,  and  tie  them  together  exactly  to 
their  place,  and  clay  it. 

Grafting  in  the  Imrk,  or  crown-grafting,  is  a good  way  both 
for  ease  of  operation  and  certainty  of  success  j hut  it  will 
hardly  suit  any  other  fruit  than  apples  or  pears.  The  head 
beiug  cut  off,  make  a straight  slit  down  and  through  the  bark 
from  the  top,  at  the  place  destined  for  the  graft,  nearly  ns  long 
as  the  slope  cut  off  tbc  scion,  which  may  be  one  and  a half  or 
two  inches.  Loosen  the  bark  a little  at  the  top  of  the  score, 
and  then  with  some  smooth  instrument  of  dry  hard  wood, 
ivory,  bone,  or  silver,  rather  than  iron  or  steel,  open  the  hark 
sufficiently  to  receive  the  scion.  This  instrument  should  he 
thin,  tapered,  and  rounded  towards  ihe  point,  to  suit  the  shape; 
of  the  scion's  face;  one  side  of  it  flat,  and  (lie  oilier  a little 
convex,  the  flat  side  being  applied  to  the  wood  of  the  stock ; 
let  it  be  rather  narrower  than  the  scion,  that  it  may  not  loosen 
the  bark  too  wide.  Cut  a bit  of  the  baik  of  the  scion  smooth 
off  at  the  bottom,  that  it  may  not  turn  up  in  poshing  down.  It 
will  he  proper  to  cut  the  scion  with  a small  shoulder,  to  rest 
upon  the  stock,  score  the  bark  on  each  side  the  scion,  so  that 
it  may  fall  close  to  the  stock,  and  to  the  edges  of  the  scion. 
Bind  and  clay.  This  w ay  of  grafting  is  used  most  properly  with 
strong  stocks ; and  sometimes  is  applied  to  large  branches, 
and  even  trunks  of  old  trees,  to  change  the  sorts  or  renew'  the 
wood. 

Side  grafting  is  done  in  the  bark,  mnch  like  inoculation  a 
scion  being  inserted  instead  of  a bud  ; but  there  must  he  a 
fluent  sap  first,  i. «.  the  hark  must  part  readily  from  the  wood 
before  this  mode  of  grafting  is  attempted.  The  head  of  the 
stock  is  not  to  be  cut  off,  only  thinned  a little  if  it  is  too  large 
sod  the  side  shoots  taken  away.  The  hark  of  the  stock,  where 
the  insertion  of  the  scion  is  to  be,  must  be  cut  through  in  thu 
form  of  the  letter  T,  as  wide  and  as  long  as  ij  sufficient  to 
receive  the  scion,  cut  as  before,  with  a slope  face  of  at  least  an 
inch  long,  taking  advantage  (if  it  may  bcl  of  a part  of  the 
stock  that  is  a little  gibbous.  Let  the  bark  of  the  stock  be 
neatly  raised  to  receive  it,  hut  yet  no  more  than  necessary  ; a 
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little  Lit  of  the  hark  may  be  *liccd  off  the  part  that  is  over  the 
vruM  cut,  to  receive  the  scion  the  better. 

Approach-grafting,  or  Inarching,  is  performed  in  April  or 
May.  When  the  stock  we  would  graft,  and  the  tree  we  would 
propagate,  grow  near  together,  bend  the  best-situated  young 
brunch  of  the  tree  or  shrub  to  be  propagated,  to  the  stock  to 
be  grafted,  and  having  determined  on  the  part  at  which  most 
conveniently  to  fix  the  shoot,  cut  the  bark  of  that  part  of  the 
shoot  off,  with  nearly  half  the  wood  (not  to  touch  the  pith)  to 
the  length  of  about  three  inches  for  a strong  branch,  or  less  for 
a weaker.  Then  cut  exactly  so  much  of  the  hark  and  branch 
of  the  stock  off,  as  will  receive  the  cut  part  of  the  branch  or 
shoot,  so  as  to  bring  bark  and  bark  in  contact  in  every  part, 
and  if  the  contrivance  of  lipping  is  used,  it  will  secure  them 
belter  together.  Bind  and  clay,  and  tie  the  work  so  that  the 
wind  may  have  no  power  over  it. 

Budding,  or  Inoculation,  is  the  most  considerable  mode  of 
propagation.  It  is  performed  as  soon  as  good  shoots  with 
good  eyes  of  the  present  year  can  he  had,  so  that  the  season 
may  be  reckoned  from  mid-June  to  mid- August.  Peaches  and 
nectarines  are  propagated  on  plum-stocks.  Plums  nud  cher- 
ries may  he  inoculated  on  sucker  slocks  of  any  kind.  Pears, 
if  for  standards,  should  be  inoculated  ou  pear-stocks,  and  on 
those  raised  from  seed  rather  than  suckers  ; but  if  for  dwarfs, 
quiuce-stocks  may  he  best  used,  to  keep  the  trees  from  grow- 
ing off  too  fast.  Let  the  scions  for  inoculation  bu  taken  only 
from  the  outside  branches  of  healthy  and  fruitful  trees,  but  the 
buds  must  not  be  cut  from  the  upper  part  of  the  scions.  Before 
the  buds  are  prepared,  get  the  stock  ready  to  receive  them,  by 
taking  off  lateral  shoots,  leaving  an  uncut  single  stem.  At  the 
part  fixed  on  for  the  inoculation  (which  should  be  smooth,  and 
rather  on  the  north  side)  cut  the  bark  through  to  tbo  wood  in 
form  thus,  T,  the  cross  and  the  down-slit  being  of  the  length 
necessary  to  take  in  the  bud,  which  may  he  cut  with  from  one 
to  two  inches  of  bark  ; putting  the  point  of  a knife  (or  some 
other  instrument,  rather  not  of  iron  or  steel)  into  the  top  of  the 
down-cut  of  the  stock,  raise  the  hark  all  (he  wav  to  the  bottom, 
so  that  it  will  just  receive  the  bud  easily.  There  are  knives 
made  on  purpose  for  budding,  with  fiat  ivory  hafts.  To  pro- 
cure proper  buds,  put  your  knife  in  (suppose)  about  three, 
fourths  of  an  inch  above  the  eye,  and  with  a slope  downwards 
cut  the  scion  half  through,  then  do  it  at  the  same  distance 
below  the  eye,  and  sloping  it  upwards  cut  up  the  middle  of  the 
wood,  till  the  knife  meets  the  upper  incisions,  so  the  eye,  or 
bud,  will  be  directly  in  the  middle.  Then  separate  the  wood 
from  the  bark,  which  is  to  be  done  thus : with  your  nail,  or  the 
point  of  a knife,  loosen  the  bark  at  the  top,  and  strip  it  from 
the  wood  ; or  rather  with  a swan  or  large  goose  quill,  made  in 
the  form  of  an  apple-scoop,  (having  a regular  smooth  edge.)  push 
it  down  between  the  hark  and  wood,  pressing  it  against  the 
wood.  Examine  the  inside  of  the  hark,  and  if  there  is  a cavity 
just  behind  the  eye  or  bud,  it  is  good  for  nothing.  The  leaf 
that  grows  by  the  eye  is  to  be  cut  down  to  near  its  footstalk. 
See  that  the  bark  of  the  stock  is  loosened  a proper  length  and 
breadth,  and  if,  when  the  bud  is  put  in,  it  should  prove  a little 
too  long,  cut  the  spare  part  off : so  that  the  top  of  the  bud 
being  squared,  falls  in  straight  with  the  cross  cut  of  the  stock. 
Thus  fixed,  bind  it  moderately  light  in  its  place  with  wet  bass, 
beginning  at  the  bottom,  and  passing  by  the  hud,  go  on  to  the 
top,  or  rather  above  it.  Care  must  be  taken  that  the  hud  is 
not  hurt,  and  it  is  to  be  left  only  just  starling  out  between  the 
bass.  If  the  buds  have  taken,  it  will  be  seen  in  about  three 
weeks  or  a month,  by  their  appearing  fresh  and  plump.  As 
often  as  any  shoots  appear  below  the  budding,  cut  them  off, 
and  also  some  of  the  shoots  above,  if  there  arc  many  of  them  : 
for  it  is  not  proper  that  an  inoculated  stock  should  have  a 
large  bead.  In  a month  loosen  the  bandage,  by  taking  it  off, 
and  putting  it  on  gently  again  for  another  month.  In  March, 
cut  the  head  of  the  stock  off  with  a keen  knife,  close  behind 
the  budding,  in  a sloping  direction. — Watkins’s  Cyclopaedia. 

GRAIN,  the  name  of  a small  weight,  the  20lh  part  of  a 
scruple  in  apothecaries'  weight,  and  the  24th  of  a pennyweight 
tror.  A grain-weight  of  gold-bullion  is  worth  about  two-pcoec, 
and  that  of  silver  hair  a farthing. 

Grain  also  denotes  the  component  particles  of  stones  and 
metals,  the  veins  of  wood,  &c. 


Grain  and  Seen*  are  composed  chiefly  of  starch  or  coagu- 
lated mucilage,  generally  combined  with  gluten,  oil,  or  albu- 
minous matter ; in  corn  v* ith  gluten,  in  pens  and  beans  with 
albuminous  matter,  and  in  rapeseed,  hempseed,  linseed,  and 
the  kernels  of  most  nuts,  with  oils.  Sir  II.  Davy  found  ill  100 
parts  of  wheat  sown  in  autumn,  of  starch,  77  ; of  gluten.  IP. 
In  100  parts  of  wheat  sown  in  spring,  of  starch,  70;  of  gluten, 
24.  In  100  part*  of  Barbary  wheat,  of  starch,  74  ; of  gluten, 
23.  In  100  parts  of  Sicilian  wheat,  of  starch,  76 ; of  gluten,  21. 

Git  ALL.  fe,  in  Ornithology,  is  an  order  of  birds  in  the  Lin- 
nacan  system,  which  includes  20  genera, viz,  the  phocnicoptcrus, 
platalca.  palamcdca,  myctcria,  tantalus,  ardea,  corriru,  rccur- 
virostra,  scotopax,  tiinga,  fulica,  parra,  vaginalis,  psophia, 
cancroma,  rallus,  scopus,  glareola,  lurmatopus,  and  cha- 
radrius. 

GRAMMAR,  is  the  art  of  speaking  and  writing  a language 
correctly  ; and  the  purpose  of  language  is  to  communicate  our 
thoughts. 

In  English  there  are  ten  parts  of  speech,  namely,  the  noun, 
the  article,  the  adjective,  the  pronoun,  the  verb,  the  participle, 
the  adverb,  the  preposition,  the  conjunction,  and  the  inter- 
jection. 

A noim,  or,  as  it  is  sometimes  called,  a substantive,  is  the 
name  of  any  person,  place,  or  thing,  as  James,  London,  land, 
leisure. 

An  article  is  a word  prefixed  to  nouns,  to  point  them  out, 
and  to  shew  how  far  their  signification  extends. 

The  articles  are  a,  an,  the;  the  is'  definite;  a and  an  indefi- 
nite ; thus,  we  say  the  house,  when  we  mean  any  particular 
house  ; a house,  when  we  refer  to  one  generally. 

A noun  may  be  known  by  taking  an  article  before  it.  as  a 
book,  an  owl,  the  muon;  or  by  its  making  sense  of  itself,  as 
virtue,  poverty,  wealth. 

Nouns  arc  either  proper  or  common proper  nouns  are  the 
the  names  appropriated  to  individuals,  as  Charles,  Haris, 
Thames ; and  common  nouns  denote  the  species  of  things,  as  a 
man,  a city,  a river  ; thus  Paris  is  a proper  noun,  being  a name 
appropriated  to  a particular  city;  but  city  is  a common  noon, 
as  understood  of  any  city. 

All  nouns  are  of  the  third  person  when  spoken  of,  and  of  the 
second  when  spoken  to.  Examples.  The  men  run  ; trees  are 
green  ; here  men  and  trees  are  spoken  of,  and  arc  of  the  third 
person men  and  citizens,  listen  to  my  words  ; In  this  case  men 
and  riliseiM  are  spoken  to,  and  are  of  the  second  person. 

To  nouns  belong  person,  gender,  number,  anil  case. 

Gender  is  the  distinction  of  nouns  with  regard  to  sex  ; there 
arc  three  genders,  the  masculine,  feminine,  and  neuter.  The 
masculine  gender  denotes  animals  of  the  male  kind,  ns  a man,  a 
horse,  a bull.  The  feminine  gender  indicates  animals  that  are 
females,  as  woman,  cow,  mare.  But  the  neuter  render  signifies 
objects  neither  male  nor  female,  as  pen,  paper . book. 

Number.  There  are  two  numbers  belonging  to  nouns,  the 
singular  and  the  plural.  The  singulnr  is  used  to  express  one 
object ; and  the  plural  is  used  w hen  two  or  more  are  to  be 
expressed. 

The  plural  is  generally  formed,  (I.)  By  adding  s to  the  sin- 
gular. as  ricer,  rivers.  (2.)  By  adding  es  when  the  singular 
ends  ch,  s,  sh,  x,  and  z,  as  church,  churches ; kiss,  kisses;  lath, 
lashes ; fox,  foxes.  (3.)  By  changing  the  terminations  of  nouns 
ending  in  f or  fe  into  res,  as  calf,  calces  ; knife,  knives.  (4.) 
When  nouns  end  in  y,  the  plural  is  formed  by  changing  y into 
ies.  as  fly,  flics. 

There  are  many  exceptions  to  these  general  rules,  as  ox, 
oxen  ; muff,  muffs  ; chief,  chiefs  ; key,  keys  ; goose,  geese  ; foot , 
feet,  kc. 

Some  nouns  admit  of  a singular  termination  only,  as  wheat, 
steel,  sloth : some  have  the  plural  termination  only,  as  bellows, 
scissors,  ashes  ; and  in  sortie  nouns  the  singular  and  plural  are 
the  same,  as  deer,  sheep,  ho. 

Case  is  the  variation  of  nouns,  serving  to  express  the  differ- 
ent relations  they  bear  to  each  other. 

English  nouns  have  three  eases,  the  nominal  ire,  the  possessive, 
and  the  objective. 

The  nciMmaftvr  expresses  the  name  of  a thing,  on  the  subject 
of  the  verb ; as  the  boy  runs. 

The  possessive  denotes  property -or  possession,  and  is  formed 
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by  adding:  * to  the  nominative,  with  an  apostrophe  before  it, 
ns  Solomon'*  wisdom,  the  cote's  erib.  When  the  noun  ends  ins, 
the  apostrophe  only  is  added,  ns  the  Stationers’  arms. 

The  objective  case  denotes  the  object  of  an  active  verb,  nr  of  a 
proposition ; as,  Charles  teaches  James ; Charles  and  James 
live  in  London.  Nouns  arc  declined  thus: 

yominatirc.  Man.  j Men.  v 

PMifsnw.  Man's.  ^Singular.  Men's.  *.  Plural. 

Objectirc.  Man.  ) Men.  \ 

The  nominative  and  objective  are  spelt  alike;  hut  in  a sen- 
tence the  nominative  conics  before  the  verb,  and  the  objective 
aftrr  n verb  active,  or  preposition. 

Adjectives.  An  adjective  is  a word  added  to  a substantive, 
to  denote  its  quality,  or  property,  as  white  paper,  block  ink, 
green  grass.  Adjectives  change  their  terminations  to  augment 
or  diminish  the  quality  of  the  noun  ; and  these  oliinrea  arc 
called  degree*  of  comparison.  There  ore  three  degrees  of  com- 
pavison,  the  positive , as  brave;  the  comparative,  as  rrvvlu; 
and  the  superlative,  ns  bravest. 

The  positive  is  changed  into  the  comparative  by  the  addition 
of  r,  or  cr ; as  wise,  wiser ; hard,  harder  ; nnd  into  the  superla- 
tive hy  adding  si  or  cst;  os  wise,  wisest;  hard,  hardest. 

The  words  more  and  most,  placed  before  an  adjective,  have 
the  same  effect,  as  more  wise,  most  wise. 

Monosi) Habits  are,  for  the  most  part,  compared  by  er  ami 
cst ; ns  hard,  harder,  hardest ; nnd  dissyllables  Ig  more  and  most; 
as  modest,  more  modest,  most  modest. 

Nome  adjectives  are  compared  very  irregularly,  ns 
flood,  better,  best.  Many,  more.  most. 

Little,  less.  least.  | Bad.  worse.  worst. 

Nome  comparatives  form  the  superlative  by  adding  most . ns 
fare,  former,  foremost ; up.  upper,  uppermost ; and  some  adjec- 
tives have  only  two  degrees  of  comparison,  as  under,  undermost. 

Pronouns.  A pronoun  is  a word  used  as  a substitute  for  a 
noun,  and  there  are  three  sorts  of  pronouns;  the  imrsowl, 
as  / thou,  he  ; we,  ye,  they : the  RELATIVE,  as  who,  which,  what ; 
and  the  ADJECTIVE,  as  some,  other,  any.  one.  all,  such. 

The  third  persons  singular  of  the  personal  pronouns,  he.  she. 
and  it,  admit  of  gender;  and  pronouns,  like  nouns,  have  three 
cases,  the  nominative,  possessive,  and  objective.  They  arc 


mostly  different  from  each  other. 

Singular.  Plural. 

First  person.  jY om.  I.  We 

Poss.  Mine.  Ours. 

Obj.  Me.  Us. 

Second  person.  Ami.  Thou.  Ye  or  you. 

Pots.  Thine.  Yours. 

Obj.  Thee.  You. 


Third  person.  Horn.  He,  she,  it. 

/W 

Obj.  Him,  hcr.it.  J 

In  pronouns  the  first  person  is  the  speaker ; the  second  is  the 
person  spoken  to  ,-  and  tho  third  is  the  person  spoken  of. 

Relative  pronouns  are  such  as  relate  to  some  word  or  phrase 
going  before,  which  is  called  the  antecedent;  these  are,  trAo, 
which,  and  that.  Who  is  applied  to  persons,  which  to  nnimnls 
and  inanimate  things.  That  is  applied  both  to  persons  and 
things. 

What  is  a compound  rehtive.  and  is  equivalent  to  that  which. 
“ This  is  whnt  I wished,"  that  is,  **  the  thing  which  I wished.” 

Who,  which , what,  are  called  interrogative*.  when  used  in 
asking  questions.  The  cases  of  who  are,  Nom.  ll'Ao.  Poss 
Whose  Obj.  B’Aom. 

Adjective  pronouns  are  cither  possessive,  distributive,  de- 
monstrative, or  indefinite. 

The  possessive  are  those  that  relate  to  possession,  or  pro- 
perty : these  are  my,  thy,  his,  her.  our,  your,  their. 

Tho  distributive  pronouns  arc  those  which  denote  the  persons 
or  things  that  make  up  a number,  ns  taken  separately  and 
singly ; these  ore  wirA,  every,  either. 

The  demonstrative  pronouns  arc  those  which  point  out  the 
subjects  to  which  they  belong  ; as  this  nnd  that;  these  and  those. 

The  indefinite  are  those  which  express  their  subjects  in  an 
indefinite  or  general  manner,  as  some,  other,  any,  one,  all,  such. 

The  Verb.  A verb  is  a word  that  expresses  action,  passion, 
suffering,  or  a state  of  being,  ns  I write,  1 am  beaten,  lam.  And 
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! verbs  are  cither  active,  irausi  fives,  as  1 dig  the  ground,  or  neuter , 
as  I run,  or  auxiliary,  as  lam. 

A verb  transitive  supposes  a person  or  thing  that  acts,  nnd  a 
person  or  thing  that  is  affected  hy  the  action ; thus,  / dig  the 
ground,  there  is  the  person  w ho  acts,  and  the  ground  acted  upon. 

The  person  or  thing  that  acts  is  called  the  agent,  and  the 
person  or  thing  acted  upon  is  called  the  object ; as  when  we  say, 
Alexander  conquered  Darius;  Alexander  is  the  agent,  and 
IJarius  the  object. 

A verb  transitive  supposes  an  agent  and  an  object:— a verb 
intransitive  implies  an  agent,  and  has  no  object,  as  I walk;  but 
| it  may  he  followed  by  a noun  of  the  same  signification,  as 
1 rm»  a race. 

| To  find  the  agent  of  a transitive  Terb,  we  ask  the  question, 
I who,  or  what,  before  the  verb;  as  Who  conquered  Darius? 
answer,  Alexander,  the  agent.  To  find  the  object,  you  ask  the 
question.  Whom  did  Alexander  conquer?  answer,  Darius,  the 
object. 

The  radical  form  of  verbs,  or  that  from  which  all  the  modifi- 
cations of  them  arc  derived,  is  that  in  which  they  follow  tho 
particle  to;  as  to  lave,  to  run. 

The  auxiliary,  or  connecting  verbs,  are,  him,  are,  be.  become,  is, 
was,  were ; and  they  serve  to  connect  qualities  with  their  sub- 
jects, or  arc  used  in  conjunction  with  other  verbs ; as  / om  cold; 
John  and  James  are  going  to  London  ; (Sod  is  good. 

The  person  or  thing  preceding  a connecting  verbis  called  tho 
subject,  and  a quality  or  thing  coming  after  it  is  called  the 
predicate . 

The  properties  of  verbs  arc  mood,  tense,  number,  and  person. 

Mood  expresses  the  sense  of  the  verb,  and  there  arc  four 
moods,  the  indicative,  imperative,  subjunctive , and  inf  nit  ire. 

The  indicative  merely  declares  a thing,  as  1 walk  ; doe*  he  walk? 

Tho  imperative  expresses  a command,  8cc.  as  run  into  the 
villnpe ; copy  this  writing. 

The  subjunctive  expresses  n thing  conditionally,  and  is  pre- 
ceded by  a conjunction:  I wilt  love  him,  though  he  reprove  me. 
Were  he  more  hind,  he  would  be  more  amiable;  that  is,  if  lie  were 
more  kind.  Acc. 

The  infinite  mood  is  preceded  by  the  preposition  to,  and  is 
not  limited  by  person  or  number;  as  to  act,  to  run,  to  be  loved. 

The  tenses  mark  the  division  of  time;  they  are.  (1.)  Tho 
present,  expressing  the  time  now:  (2.)  The  perfect,  expressing 
time  past:  (3.)  Tho  future,  expressing  time  to  come. 

In  verbs  there  arc  two  numbers,  singular  nnd  plural,  and 
three  persons,  riz.  first,  second,  and  third,  singular  and  plural, 
answering  to  the  pronouns.  J,  thou,  he : we,  ye  or  you.  they. 

All  words  whatever,  except  I,  thou,  we,  ye  or  you,  arc  of  tho 
third  person. 

The  second  person  of  the  present  tense,  indicative  mood,  is 
formed  by  adding  si  or  cst,  to  the  first  person,  as  love,  loveif ; 
walk,  walker*.  according  as  the  verb  has,  or  has  not,  the  final 
e.  In  the  plural  number  there  is  no  change  ; as  tee  love;  ye  or 
you  love  ; they  love. 

The  third  person  is  formed  by  adding  to  tho  first  th  or  eth  , 
as  love,  lovelA  ; walk,  walkr/A  ; hut  th  or  eth  is  often  changed 
to  s.  as  he  loveth  or  loves  ; he  walketh  or  walks. 

The  first  and  third  persons  of  the  perfect  tense  are  formed  by 
adding  d or  ed,  to  the  first  person  of  the  present,  according  as 
the  verb  has  or  has  not  the  final  ex  ns  love,  loved;  walk,  walked. 

The  second  person  is  formed  by  adding  est  to  the  first  per- 
son, which  is  usually  changed  into  si,  as  loved,  lovedst.  The 
future  tense  is  known  by  the  sign  shall  or  will ; as  I shall  com- 
plete  this  w ork.  I will  complete  it. 

The  imperative  mood  has  only  two  persons,  the  second  and 
third,  singular  or  plural,  and  let  is  its  sign.  The  subjunctive 
mood  has  ouly  two  tenses,  the  present  and  past,  and  its  signs 
arc  may.  can,  might,  could , would,  should.  The  infinitive  mood 
has  two  tenses,  the  present,  as  to  write,  and  the  past,  to  have 
written,  without  either  number  or  person. 

Participles  are  certain  forms  of  the  verb,  and  arc  so  called 
from  participating  the  active  properties  of  verbs,  and  the  form 
and  construction  of  adjectives.  They  arc  the  present,  and  the 
past  or  perfect. 

The  present  participle  is  formed  by  adding  ing  to  the  verb, 
as  walk,  walking:  if  the  verb  end  in  e,  the  e is  dropt.  as  love, 
loviny  ; make,  ranking  ; be  makes  being,  and  dye,  dyeing. 
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The  perfect  participle  ia  formed  by  adding  d or  td  to  the 
vcib,  as  lore,  lured ; walk,  walker/.  But  there  arc  many  excep- 
tion*, a*  write,  written  ; draw,  drawn  ; hind,  bound,  kc. 

The  perfect  tense,  and  perfect  participle  of  verbs,  having 
only  one  syllabic,  and  ending  in  d or  t.  arc  the  same  a*  the 
present ; as  read,  read,  having  read ; hurt,  hurt,  having  hurt. 

In  verbs  ending  in  d , preceded  by  a diphthong,  one  of  the 
vowels  is  dropped  in  the  perfect  tense  and  perfect  participle  ; 
us  bleed,  bleu,  having  bleu  ; feed,  fed,  having  fed. 

In  verba  ending  in  tug  and  ch,  the  perfect  tense  and  perfect 
participle  ends  in  ght ; ns  bring,  brought;  teach,  taught. 

Many  verb*  have  the  perfect  tense  and  perfect  participle 
ending  in  t;  as  dwell,  dwelt ; leave,  left ; pass,  past. 

Auxiliary  verbs  are  used  with  other  verbs  to  ascertain  the 
time  and  other  circumstances  of  an  action  with  greater  preci- 
sion ; and  in  forming  the  tenses,  the  change  of  termination  is 
confined  to  the  auxiliary,  as  I do  love  ; thou  doit  love  ; he  doth 
love,  &C.  I am  loving,  thou  art  loving. 

An  adverb  is  a part  of  speech  joined  to  a verb,  an  adjective, 
and  sometimes  to  another  adverb,  to  express  some  quality  or 
circumstance  respecting  it;  as  he  writes  well,  a truly  benevo- 
lent man  ; he  fought  very  bravely. 

Some  adverbs  admit  of  comparison  ; ns  soon,  sooner,  soonest ; 
and  those  ending  in  ly  are  compared  by  the  words  more  and 
m«iW.  as  godly,  more  godly,  most  godly. 

Prepositions  express  the  relation  that  one  word  has  to 
another;  as  he  went  to  Cambridge.  He  walked  from  London 
to  York  in  four  days.  They  are  supported  by  industry. 

Conjunctions  join  words  and  sentences  together,  and  shew 
the  manner  of  their  dependence  upon  one  another  ; as  John 
and  James  live  in  the  country.  I will  run  if  yon  wish  it.  Con- 
junctions are  either  conjunctive,  as  and,  or  disjunctive,  as  or. 

lihf^rrttni  are  broken  or  imperfect  words,  denoting  some 
emotion  or  passion  of  the  mind  ; as  alas!  I dread  to  hear  tho 
news.  Oh!  how  anxious  I am! 

Syntax  treats  of  the  agreement  and  connexion  of  words  in  a 
sentence.  A sentence  is  an  assemblage  of  words  forming  a 
complete  sense : the  principal  parts  of  which  arc,  the  subject, 
the  attribute,  and  the  object.  The  subject  is  the  thing  chiefly 
spoken  of;  the  attribute  is  the  thing  or  action  affirmed  or 
denied  of  it;  and  the  object  is  the  thing  affected  by  such  action; 
us,  “Alexander  pursued  Darius;*’  Alexander  is  the  subject; 
pursued,  the  attribute  ; Darius,  the  object.  The  subject  is  the 
nominative  to  the  verb,  and  usually  goes  before  it;  and  the 
word  or  phrase  denoting  the  object  follows  the  verb.  44  A pru- 
dent man  restrains  his  passions:"  in  this  case,  “A  prudent 
man,'’ is  the  subject;  “ restrains,"  the  attribute;  44  his  pas- 
sions,” the  object. 

Syntax  consists,  (I.)  Of  concord,  which  is  the  agreement  of 
one  word  with  another,  in  gender,  case,  and  number.  (2.)  Of 
government,  which  is  the  power  which  one  part  of  speech  has 
over  another  in  directing  its  mood,  tense,  or  case. 

A verb  must  agree  with  its  nominative  case  in  number  and 
person  ; as,  “ I learn 44  thou  walkesl 11  ihe  man  runs.” 

Two  or  more  nouns  singular,  joined  together  with  a conjunc- 
tion copulative,  have  verbs  and  pronouns  agreeing  with  them  in 
the  plural ; as,  “Cicero  and  I are  well;"  but  if  the  conjunction 
be  disjunctive,  the  verb  will  be  singular,  as,  “ Thomas  or  John 
hopes  to  be  at  home.” 

A noun  of  multitude  may  sometimes  have  a verb  or  pronoun 
agreeing  with  it,  either  in  the  singular  or  plural  number,  as, 
“ the  multitude  eagerly  pursue  their  pleasures ;**  or,  M the  mul- 
titude eagerly  pursues  its  pleasures.” 

Pronouns  must  always  agree  with  their  antecedents,  and  the 
nouns  for  which  they  stand,  in  gender  and  number;  as,  “ The 
man  whom  I respect.”  “ This  is  the  flower  which  I admire.” 
“ The  boys  and  girls  enjoy  their  play.” 

When  no  nominative  case  conies  between  the  relative  and 
the  verb,  the  relative  is  the  nominative  ; as, 41  The  friends  who 
walked  w ith  us.” — When  a nominative  comes  between  the  rela- 
tive and  the  verb,  the  relative  is  governed  by  some  other  verb ; 
as,  "to  whom  I owe  my  being;”  here  tho  relative  idiom  is 
governed  by  the  preposition  to. 

Every  adjective  belongs  to  a substantive  expressed  or  under- 
stood ; as,  “ Few  are  really  happy,”  that  is,  few  persons.  u This 
is  a beautiful  plant,”  that  is,  this  plant  is,  4ic, 


The  article  a or  an  agrees  with  the  singular  nouns  only  ; hut 
the  article  the  may  agree  with  singular  or  plural  nouns;  as, 
“ the  field.”  “ tho  fields.” 

One  substantive  governs  another,  signifying  a different 
thing  in  the  possessive  case ; as,  “ My  brother’s  horse.” 
Transitive  verbs  govern  the  objective  case  ; as,  “ The  master 
instructs  mr  or  him."  “A  good  cause  suppurts  u*  or  them." 

One  verb  governs  another  in  the  infinitive  mood;  as,  “ I atn 
ready  to  answer  him,  or  her.” 

Participles  govern  the  same  cases  as  the  verbs  from  which 
they  arc  derived;  ns,  “ his  friend  is  weary  in  admonishing  him." 

Adverbs  are  for  the  most  part  placed  before  adjectives,  after 
Iransitive  or  intransitive  verbs,  and  frequently  between  the 
auxiliary  and  the  verb ; ns,  “ He  spoke  a very  long  time,  and 
was  attentively  heard  by  all  the  company.” 

Two  negatives  destroy  one  another;  ns,  44  His  manner  is  not 
ungraceful  ;**  that  is,  “ He  has  a graceful  manner.” 

Prepositions  govern  the  objective  rase;  ns.  “ He  spoke 
well  of  her."  4‘  I ran  by  her,  or  him,"  44  They  will  come  to  ns.” 
Conjunctions  connect  the  same  moods  and  tenses  of  verbs, 
and  cases  of  nouns  and  pronouns ; ns,  44  The  friend  praised 
and  rewarded  us.”  44  The  master  reproved  him  and  me  and  her” 
Conjunctions  that  are  of  a positive  nature  require  the  indi- 
cative mood;  as, 41  He  is  healthy  because  he  is  temperate:"  but 
those  that  imply  something  doubtful  require  tho  subjunctive 
mood,  as,  44  J/‘l  were  to  admonish  him,  he  would  not  attend  ” 
When  the  qualities  of  different  things  arc  compared,  the 
latter  noun  or  pronoun  agrees  with  the  vcib,  or  is  governed  by 
the  verb  or  the  preposition  expressed  or  understood ; as,  “You 
walk  faster  than  I,”  that  is, 4*  than  I walk.”  44  They  were  more 
fortunate  than  we,”  that  is, 44  than  we  were.”  44  He  loved  her 
more  than  me,”  that  is, 44  more  than  he  loved  me.”  “ It  is 
better  expressed  by  him  than  her,”  lhat  is,  “ than  by  her.” 
GRAMME,  the  unit  in  French  weights.  It  is  the  weight  of 
one-hundredth  part  of  the  metre  of  distilled  water,  at  its 
maximum  density.  It  answers  to  15.444  grains  The  denomi- 
nations of  weights  proceed  decimally  both  ways. 

GRANARY,  a building  to  store  corn  in. 

GRANAT1TE,  a stone  found  in  Spain,  France,  and  Switzer- 
land. It  is  crystallized  in  a very  peculiar  form  ; two  six-sided 

rrisms  intersect  each  other,  either  at  right  angles  or  obliquely, 
t is  of  a greyish  or  reddish  brown  colour.  Specific  gravity 
3.2861.  Usually  opaque.  Glassy  or  greasy.  It  is  fusible 
before  the  blow- pi  pc.  One  hundred  parts  consist  of  44  alu- 
mina; 33  silica;  13  oxide  of  iron;  3.84  lime;  1.00  oxide  of 
manganese. 

GRAND  JURY.  The  sheriff  of  every  county  is  bound  to 
return,  to  every  commission  of  oyer  ami  terminer,  ami  of  gaol 
delivery,  and  to  even  session  of  the  peace,  twenty-four  good 
and  Ian  fill  men  of  the  county,  sonic  out  of  cvrry  hundred,  to 
inquire,  presrnt.  do.  and  execute  alt  those  things  which  on  the 
part  of  our  lord  Ihe  king  shall  then  and  there  be  commanded 
them.  They  ought  to  he  freeholders;  but  to  what  amount  is 
not  limited  by  law.  Upon  their  appearance  they  are  sworn 
upon  the  Grand  Jury,  to  the  amount  of  twelve  at  the  least,  and 
not  more  thin  t went) -three,  that  twelve  may  he  a majority. 
They  nre  only  to  hear  evidence  on  behalf  of  the  prosecution  ; 
for  the  finding  of  an  indictment  lx  only  in  the  nature  of  an 
inquiry  on  accusation,  which  is  afterwards  to  be  tried;  aud 
they  arc  only  to  inquire,  upon  their  oaths,  whether  there  ia 
sufficient  cause  to  call  upon  the  party  to  answer  it.  If  twelve 
agree  to  find  the  hill,  it  must  he  pronounced  a true  hill,  but  it 
cannot  be  found  by  a smaller  number.  The  mode  of  finding  a 
bill  is  by  indorsing  it  a true  bill ; when  it  is  rejected  it  is  in- 
dorsed “ ignoramus, *’ or  not  found  ; and  no  one  can  be  tried 
by  indictment  without  the  finding  by  a Grand  Jury. 

GRANITE  is  considered  as  the  foundation  rock  on  which 
slate  rocks  and  all  secondary  rocks  are  laid.  From  it*  great 
relative  depth,  granite  Is  not  frequently  met  wilh.  except  in 
situations  where  it  appears  to  have  been  forced  through  the 
more  superficial  covering  of  the  globe.  Granite  is  a hard  rock, 
whoso  constituent  part*  are  the  three  substances,  quartz,  fel- 
spar, and  mica,  which  are  more  or  less  perfectly  crystallized, 
and  closely  united  together.  The  three  miuerals  of  which 
granite  U composed  vary  much  in  their  proportions  in  different 
granite  rooks;  and  often  in  specimens  from  the  some  rock- 
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Tlie  crystals  nre  large.  or  small,  or  equally  intermixed,  in  one 
part,  and  in  another  part  quartz  or  felspar  greatly  predominate. 
Sonic  granites  arc  composed  of  small  grains,  and  have  large 
crystals  of  frlspar  interspersed;  these  arc  denominated  por- 
phy  ritic  granites.  Specimens  of  Cornish  and  Scotch  granites 
arc  not  difficult  to  procure  in  London,  as  they  are  commonly 
used  for  pacing-stones.  In  the  former,  the  felspar  is  white,  in 
some  specimens  it  is  soft  and  earthy  : the  mica  appears  like 
glistening  scales  which  have  a tarnished  semi-metallic  lustre. 
The  quartz  has  a vitreous  appearance,  and  is  of  a light  grey 
colour.  In  Scotch  granite  the  felspar  has  more  commonly  a 
reddish  brown  colour.  The  mica  is  not  unfrequently  black 
and  splendent : this  distinguishes  it  at  first  sight  from  horn- 
blende, which  is  sometimes  intermixed  with  this  granite.  Very 
small-grained  granites  can  scarcely  be  distinguished  from 
sand-stone.  In  general,  felspar  rauy  he  considered  as  forming 
the  most  abundant  part  of  granite  ; it  is  sometimes  in  a de- 
composing state,  owing  to  the  potash  which  frequently  forms  a 
constituent  part  of  this  mineral.  It  is  not  improbable,  how- 
ever, that  what  is  considered  as  decomposing  granite,  may  in 
some  instances  be  the  original  slate  of  the  rock.  Granite  is 
not  stratified,  but  is  sometimes  separated  into  tabular  masses, 
which  have  been  mistaken  for  strata.  It  is  more  frequently 
divided  into  large  masses  or  blocks  which  have  a tendency  to 
assume  a rhomboidal  form.  Granite  also  exists  in  round 
masses,  which  are  composed  of  concentric  spherical  layers, 
separated  by  granite  of  a less  compact  kind,  and  enclosing  a 
harder  central  nucleus.  These  globular  masses  are  three  or 
four  yards  or  more  in  diameter,  and  arc  sometimes  found 
detached,  and  sometimes  imbedded  in  granite  of  a softer  kind: 
probably  the  detached  globes  of  granite  were  also  once  im- 
bedded in  a similar  rock,  which  has  been  decomposed  and 
worn  away.  This  globular  structure  is  not  peculiar  to  granite. 
Wheu  granite  rises  high  above  the  surface,  it  forms  lofty 
peaks  and  rugged  piles,  which  ut  a distance  resemble  im- 
mense ruins. 

GRANULATION,  the  method  of  dividing  metallic  sub- 
stances into  grains  or  small  pai tides,  in  order  to  facilitate 
their  combination  with  other  substances,  and  sometimes  for 
the  purpose  of  readily  subdividing  them  by  weight  This  is 
done  either  by  pouring  the  melted  oietal  into  water,  or  by 
agitating  it  in  a box  until  the  moment  of  congelation,  at  which 
instant  it  becomes  converted  into  a powder. 

GRANT,  in  Law,  a gift  in  writing  of  such  a thing  as  cannot 
be  passed  or  conveyed  by  woid  only,  ns  a grant  is  the  regular 
method,  by  the  common  law,  of  transferring  the  property  of 
incorporeal  hereditaments,  or  such  things  whereof  no  livery  of 
seisin  can  be  had.  The  operative  words  in  grants  are  dr  /i  et 
concent,  “ I have  given  and  granted.”  Grants  may  be  void 
by  uncertainty,  impossibility,  being  against  law,  a wrong  title, 
or  a mode  to  defraud  creditors. 

GRAPE.  SmVitis.  G i apes  hare  been  repeatedly  examined 
by  the  best  informed  chemists  and  most  accurate  tests,  but 
without  that  success  which  might  have  been  expected.  They 
are  found  to  contain  much  sugar,  a portion  of  mucilage  and 
jelly,  some  albumen  and  colouring  matter.  Tartrate  of  potash, 
tartaric  acid  ; the  citric  and  malic  acids  have  likewise  been 
discovered  in  them. 

GRAPLIN,  Firs,  an  instrument  nearly  resembling  the  fol- 
lowing. but  differing  in  the  construction  of  its  flukes,  which  are 
furnished  with  stroug  barbs  on  its  points ; these  arc  usually 
fixed  by  a chain  on  the  yard-arms  of  a ship,  to  grapple  any 
adversary  whom  she  inteuds  to  board,  and  are  purlicularly 
requisite  in  fire-ships. 

GRAPNEL,  or  Ghapuno,  a sort  of  small  anchor,  fitted  with 
fuur  or  five  flukes  or  claws,  and  commonly  used  to  fasten  boats 
or  other  small  vessels. 

GRASS,  in  Botany,  one  of  the  seven  natural  families  into 
which  all  vegetables  are  distributed  by  Linnieus.  They  are 
defined  to  be  plants  which  have  very  simple  leaves,  a jointed 
stem,  a husky  calyx  named  a glume,  and  a single  seed.  This 
description  includes  corn  as  well  as  the  grassos.  Most  of 
these  plants  arc  annual  or  perennial  herbs,  some  of  them  are 
erect,  others  creep  upon  the  ground.  The  roots  in  the  greatest 
number  creep,  and  emit  fibres  from  each  knot  or  joint ; in 
others,  they  are  simply  branched  and  fibrous.  The  stems  and 


branches  are  round ; the  leaves  are  simple,  alternate,  entire, 
very  long,  and  commonly  nairow;  they  are  generally  placed 
immediately  upon  the  stem,  except  iu  the  Bamboo,  and  a few 
others  which  have  a foot-stalk  at  the  origin  of  the  leaves. 

GRATINGS,  a sort  of  open  cover  for  the  hatches,  resem- 
bling lattice-work,  serving  to  give  light  to  the  lower  apart- 
ments, and  to  permit  a circulation  of  air;  both  of  which  arc 
particularly  necessary,  when,  from  the  turbulence  of  the  sea, 
the  ports  between  decks  are  obliged  to  be  shut. 

GRAVE,  in  Music,  is  applied  to  a sound  which  is  of  a low 
or  deep  tone.  The  thicker  the  cord  or  string,  the  more  grave 
is  the  note  or  tone;  and  the  smaller  the  more  acute.  Gra* r, 
in  the  Italian  music,  denotes  a very  grave  and  slow  motion, 
somewhat  faster  than  adagio,  and  slower  than  largo. 

Grave  Accent,  in  Grammar,  shews  that  the  voice  is  to  be 
lowered  : i:s  mark  stands  thus  See  Accent. 

GRAVEL,  a congeries  of  pebbles,  which  mixed  with  a stilf 
loam,  makes  lasting  and  elegant  walks. 

GRAVER.  Are  Enqhavim*. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  instru- 
ment for  measuring  specific  gravities:  bo  adopts  this  name 
rather  than  either  areometer  or  hydrometer,  because  these 
latter  terms  are  grounded  upon  the  supposition  that  (he  liquid 
is  always  the  thing  weighed ; whereas,  with  regard  to  solids,  the 
liquid  is  but  the  known  term  of  comparison  to  which  the  un- 
known weight  is  referred.  This  instrument  is  executed  in 
glass,  and  is  of  a cylindric  form,  being  that  which  requires  the 
smallest  quantity  of  flu  id, ami  is  on  that  account  prcfcrablc.cxcept 
so  far  as  it  is  necessary  to  deviate  from  the  security  of  a ver- 
tical position.  Like  Nicholson's  Hydrometer,  which  is  else- 
where explained  in  this  work,  it  carries  two  basin* ; one  of 
them  superior,  at  the  extremity  of  a thin  stem,  towards  the 
middle  of  which  tlie  fixed  poiut  of  immersion  is  marked.  The 
other,  or  lower  ba»in.  terminates  in  a point;  it  contains  the 
ballast,  and  is  attached  to  tho  cylinder  by  two  branches.  The 
moveable  suspension  by  means  of  u hook  has  the  inconvenience 
of  shortening  the  lever  which  is  to  secure  the  vertical  position. 

Tbe  cylinder  is  071  inches  in  diameter,  and  ti’HA  inches  iu 
length.  It  carries  in  the  upper  basin  an  additional  constant 
weight  of  1 15  grains-  These  dimensions  might  be  increased 
so  as  to  render  it  capable  ol  receiving  a much  more  consider- 
able weight ; but  this  is  unnecessary.  In  tbe  lower  basin 
used,  and  consequently  entirely  immersed  in  the  fluid,  is  u 
bulb  of  glass  loaded  with  a sufficient  quuntity  of  mercury,  in 
order  that  its  total  weight  may  lie  equal  to  the  constant  addi- 
tional weight,  added  to  the  weight  of  the  volume  of  water  dis- 
placed by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  whether  it  be  loaded  with  a constant  addi- 
tional weight  in  the  upper  basin,  or  whether  the  effect  of  this 
weight  be  produced  by  tho  additional  piece  in  tlie  lower  dish. 
From  this  explanation  there  will  be  no  difficulty  in  seeing  how 
this  instrument  may  be  adapted  to  every  case  in  practice. 

It  may  be  used,  1.  for  solids.  It  differs  not  in  this  respect 
from  Nicholson's  hydrometer.  The  only  condition  will  be.  ns 
in  his  instrument,  that  the  absolute  weight  of  the  body  to  ho 
examined  shall  be  rather  less  than  the  constant  addition:;! 
weight,  which  in  this  instrument  is  1 15  grains. 

2.  For  liquids  of  less  specific  gravity  than  water,  the  instru- 
ment, without  the  additional  weight  above  mentioned,  weighs 
about  451)  grains,  in  tbe  dimensions  before  laid  down.  It  would 
be  easy  to  limit  its  weight  to  the  utmost  accuracy.  We  have 
therefore  the  range  ofone-fiflb  of  buoyancy,  and  consequently 
the  means  of  ascertaining  all  the  intermediate  densities  from 
water  to  the  most  highly  rectified  spirit  of  wine,  which  is 
known  to  bear  in  this  respect  the  ratio  of  8 to  10  with  regard 
to  water. 

3.  When  liquids  of  greater  specific  gravity  than  water  are  to 
he  tried,  the  constant  weight  being  applied  below,  by  means 
of  the  additional  piece,  which  weighs  about  138  grains,  the 
instrument  can  receive  iu  the  upper  basin  more  than  4 times 
the  usual  additional  weight,  without  losing  the  equilibrium  of 
its  vertical  position.  In  this  stato  it  is  capable  of  shewing  tbe 
specific  gravity  of  the  most  concentrated  acids. 

4.  It  possesses  another  property  common  to  Nicholson's  in* 
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strumcnt,  namely.  that  it  may  be  used  as  a balance  to  deter- 
mine the  absolute  weight  of  such  bodies  as  do  not  exceed  its 
additional  load. 

5.  Lastly,  the  purity  of  the  water  being  known,  it  will  indi- 
cate the  degrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  work- 
man in  glass.  The  additional  piece  for  the  lower  basin  will 
requite  some  attrnliuu  to  make  it  agree  perfectly  with  the  con- 
stant upper  weight,  as  to  the  immersion  ot  the  instrument.  But 
this  object  may,  by  careful  adjustment,  be  ascertained  with  the 
utmost  certainly  and  accuracy.  The  bulb  of  glass  is  for  this 
purpose  drawn  out  to  a fine  point,  a sufficient  quantity  of  mer- 
cury is  then  introduced  to  sink  it.  and  the  aperture  closed  with 
n little  piece  of  wax.  The  bulb  being  then  placed  in  the  lower 
basin  of  the  instrument,  the  upper  basin  is  to  bo  loaded  until 
the  mark  on  the  stem  becomes  accurately  coincident  with  the 
surface  of  the  water.  The  sum  of  the  weights  added  above  is 
precisely  equal  to  that  of  the  quantity  of  merctny  necessary  to 
be  added  to  that  in  the  glass  bulb;  which  done,  nothing  more 
is  needed  than  to  seal  the  point  by  fusion,  taking  care  not  to 
ehangc  its  bulk.  The  whole  is  rendered  portable  by  means  of 
a case  in  which  all  the  delicate  parts  arc  secured  from  pressure, 
and  the  heavier  pans  supported  in  such  a manner  as  to  resist 
the  excess  of  motion  they  are  capable  of  acquiring  in  conse- 
quence of  their  mass.  This  last  circumstance  is  frequently 
overlooked  by  such  workmen  ns  are  employed  in  the  package 
ol  instruments;  whence  it  necessarily  follows,  that  some  strain 
or  fracture  must  bn  produced  when  matters  of  very  unequal 
density  are  exposed  to  receive  a common  impulse. 

Rule  to  find  the  tjtrcijic  Gravity  of  any  Solid  by  the  Gravimeter. 
*•  From  the  weight  in  the  upper  dish,  when  the  instrument  is 
properly  immersed  in  the  unknown  fluid,  take  the  weight  which 
is  placed  with  the  body  in  the  same  scale  at  the  like  adjust, 
meat.  The  remainder  is  the  absolute  weight  of  the  solid.  Mul- 
tiply this  by  the  specific  gravity  of  the  fluid,  and  reserve  tiro 
product.  From  the  additional  weight  when  the  body  is  placed 
in  the  lower  basin,  take  the  weight  when  it  was  placed  in  the 
upper.  The  remainder  will  be  the  loss  of  weight  by  immersion. 
Divide  the  reserved  product  by  the  loss  by  immersion,  and  the 

auotient  will  be  the  specific  gravity  of  the  solid  with  regard  to 
islilled  water  at  the  standard  temperature  and  pressure/' 

To  find  the  specific  Gravity  of  a Fluid  proceed  thus  ; “ To  the 
weight  of  the  |frav  imeter  add  the  weight  required  in  the  upper 
basin  to  sink  it  in  the  unknown  fluid.  Again,  to  the  weight  of 
the  gravimeter  add  the  weight  required  in  the  same  manner  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter,  and 
the  quotient  will  he  the  specific  gravity  of  the  fluid  in  question/' 
G R AY  1 NO,  the  act  of  cleaning  n ship’s  bottom  w hen  she  is  laid 
aground  during  the  recess  of  the  tide.  See  the  article  Breaming. 

GRAVITATION,  (from  gravitate , Latin),  the  act  of  tending 
to  a centre.  Or,  gravitation  may  be  more  generally  defined, 
the  exercise  of  gravity,  or  the  action  which  a body  exercises 
on  another  body  by  the  power  of  gravity.  See  Attraction. 

GRAVITY,(GraM<M,  Latin,)  io  Physics,  the  natural  tendency 
or  inclination  of  bodies  towards  a centre. 

Terrestrial  Gravity,  is  that  force  by  which  all  all  bodies  arc 
continually  urged  towards  the  centre  of  tha  earth.  It  is  in  con- 
sequence of  this  force  that  bodies  arc  accelerated  in  their  fall, 
and  when  at  rest  that  they  press  the  body,  or  that  part  of  the 
body  by  which  they  are  supported. 

As  to  the  cause  of  gravity,  or  its  nature,  nothing  whatever  is 
known,  and  it  would  be  useless  and  unprofitable  to  occupy  any 
part  of  this  article  in  detailing  the  several  vague  hypotheses 
that  have  been  advanced  to  account  for  this  most  important 
law  of  nature.  All  that  can  be  said  is,  that  it  appears  to  he 
an  essential  property  of  matter,  or,  at  least,  of  all  matter  that 
lias  hitherto  become  the  objeet  of  human  investigation,  though 
it  is  by  no  menus  certain  that  matter  may  not  exist  which  is 
not  subject  to  its  influence. 

This  part  of  the  subject  appears  to  be  totally  out  of  the  reach 
of  human  comprcher&ion,  instead  therefore  of  wasting  our 
time  in  useless  speculation  as  to  the  cause,  let  us  only  attend 
to  its  effects,  and  content  ourselves  with  examining  more  par- 
ticularly the  manner  in  which  this  principle  operates  on  mate-  : 
rial  bodies,  and  the  laws  by  which  it  appears  to  be  regulated  ; J 


the  principal  of  which,  as  deduced  from  experiment,  or  from 
the  most  unequivocal  inferences,  are  as  follows  ; 

I.  That  gravitation  takes  place  between  the  most  minute 
particles  of  bodies.  2.  That  it  is  proportional  to  the  masses  of 
those  bodies.  3.  that  it  varies  inversely  as  the  square  of  tho 
distance  in  proceeding  from  the  surface  of  the  body  upwards, 
or  from  its  centre.  4.  That  it  varies  directly  at  the  di«tuncc, 
in  descending  from  the  surface  to  the  centre  in  uniform  sphe- 
rical bodies.  6.  That  it  acts  equally  on  bodies  in  a state  of 
rest,  as  on  those  in  motion,  and  that  its  action  in  the  latter 
case  is  always  the  same,  whether  that  motion  be  to  or  from 
tho  centre  of  attraction,  or  in  any  other  direction.  6.  That  it 
is  transmitted  instantaneously  from  one  body  to  another. 
With  regard  to  this  last,  Laplace  has  shewn,  that  if  the  trans- 
mission of  this  force  was  not  instantaneously  communicated 
from  the  sun  to  the  extreme  bounds  of  the  solar  system,  an 
acceleration  would  take  place  in  the  motion  of  the  planetary 
bodies  ; and  as  no  such  acceleration  has  been  ob*cr\ t-d,  beyond 
what  may  be  accounted  for  and  computed  on  other  principles, 
we  have  reason  to  conclude  that  the  propagation  of  gravitation 
is  instantaneous. 

Gravity,  as  relating  to  the  science  of  mechanics,  is  divided 
into  absolute  and  relative . 

Absolute  Gravity,  is  that  by  which  a body  descends  freely 
and  perpendicularly  in  a vacuum  or  nonresisting  medium,  the 
law  s of  which  are  given  under  the  article  Acceleration. 

Relative  Gravity,  is  that  by  which  a body  descends,  when 
the  absolute  gravity  is  constantly  counteracted  by  a uniform 
but  inferior  force,  such  as  in  the  deseent  of  bodies  down 
inclined  planes,  or  in  resisting  mediums.  See  Inclined  Plane, 
Resistance,  and  Resisting  Mediums- 

Spenjfc  Gravity,  is  the  relative  gravity  of  any  body  or  sub- 
stance, considered  with  regard  to  some  other  body  which  is 
assumed  as  a standard  of  comparison,  and  this  standard,  by 
universal  consent  and  practice,  is  rain  water,  on  account  of 
its  being  less  subject  In  variation  in  different  circumstances  of 
lime,  place,  bt c.  than  any  oilier  body,  whether  solid  or  fluid. 
And  by  a very  fortunate  coincidence,  at  least  to  English  phi- 
losophers, it  happens,  that  a cubic  foot  of  rain  water  weighs 
1000  ounces  avoirdupois;  and  consequently  assuming  this  as 
the  specific  gravity  of  rain  water,  and  comparing  all  other 
bodies  with  this,  the  same  numbers  that  express  the  specific 
gravity  of  bodies,  will  at  the  same  time  denote  the  w eight  of  a 
cubic  foot  of  each  in  avoirdupois  ounces,  which  is  a great  con- 
venience in  numerical  computations. 

From  the  preceding  definition,  wc  readily  draw  the  following 
laws  of  the  specific  gravity  of  bodies  ; ris, 

1.  In  bodies  of  equal  magnitude  the  specific  gravities  Arc 
directly  as  the  weights,  or  as  their  densities. 

2.  In  bodies  of  the  same  specific  gravities  the  weights  will  be 
as  the  magnitudes. 

3.  In  bodies  of  equal  weights,  the  specific  gravities  arc 
inversely  as  the  magnitudes- 

4.  The  weights  of  different  hodies  are  to  each  other  in 
the  compound  ratio  of  their  magnitudes  and  specific  gravities. 

Hence  it  is  obvious,  that,  of  the  magnitude,  weight,  and  spe- 
cific gravity  of  a body,  any  two  of  these  being  given,  the 
third  may  be  found  ; and  wc  may  thus  find  the  magnitude  of 
bodies,  which  arc  too  irregular,  to  admit  of  the  application  of 
the  common  rules  of  mensuration  ; or  we  may  by  knowing  the 
specific  gravity  and  magnitude,  find  the  weight  of  bodies  which 
are  too  ponderous  to  be  submitted  to  the  action  of  the  balance 
or  steel-yard ; or,  lastly,  the  magnitude  and  weight  being 
given,  wc  may  ascertain  their  specific  gravities. 

Exam*  The  weight  of  a marble  statue  being  748  lbs.  avoirdu- 
pois, required  the  number  of  cubic  feet,  fitc.  which  it  con- 
tains ; the  specific  gravity  of  marble  being  2742. 

Since  a cubic  foot  weighs  2742  ounces,  we  have 
as  2742:  748  X 10  ; : I : 4 36  feet. 

2.  Required  the  weight  of  a block  of  granite  w hose  length  is 
63  feet,  and  breadth  ami  thickness  each  12  feet ; the  specific 
gravity  of  granite  being  3500. 

Here  63  x 12  X 12  =9072  feet ; then  again,  ns  1 : 9072  ; : 
3500  : 31752000  ounces  ; or  885  ton.  18}  cwt.  The  above  are 
said  to  be  the  dimensions  of  one  of  the  stones  in  the  walls  of 
Balbcck. 
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Other  properties  relating  to  the  specific  gravity  of  bodies  arc 
ns  follows ; viz.  1,  A body  immersed  in  a fluid  will  sink,  if  its 
specific  gravity  be  greater  than  that  of  the  fluid;  if  it  be  less, 
the  body  will  rise  to  the  top,  and  be  only  partly  immerged; 
and  if  the  specific  gravity  of  the  solid  and  fluid  be  equal,  it 
will  rctnaiu  at  rest  in  any  part  of  the  fluid  in  which  it  may  be 
placed.  2.  When  a body  is  heavier  than  a fluid,  it  loses  ns 
much  of  its  weight  w hen  immersed,  ns  is  equal  to  a quantity  of 
the  fluid  of  the  same  bulk  or  magnitude.  3.  If  the  speeilic  gra- 
vity of  the  fluid  be  greater  than  that  of  the  body,  then  tbe  quan- 
tity of  the  fluid  displaced  by  the  part  immerged.  is  equal  to 
the  weight  of  the  whole  body.  And  hence, fU  the  specifio  gra- 
vity of  the  fluid  is  to  that  of  the  body,  so  is  the  whole  magni- 
tude of  the  body  to  the  part  immerged-  4.  Tbe  specific  gravi- 
ties of  equal  solids,  arc  as  their  parts  immerged  in  the  same 
fluid.  5.  The  specific  gravities  of  fluids  ore  as  the  weights  lost 
by  the  same  immerged  solid. 

Hence  are  drawn  the  following  rules  for  ascertaining  the 
specific  gravities  of  both  solids  and  fluids. — To  find  the  specific 
gravity  of  a hotly.  This  may  be  done  gcncrall  v by  means  of  the 
hydroitatic  balance,  which  is  contrived  for  the  easy  and  exact 
determination  of  the  weights  of  bodies,  either  in  air,  or  when 
immersed  in  water,  or  other  fluid,  from  the  difference  of  which 
the  specific  gravity  of  both  the  solid  and  fluid  may  be  com- 
puted. 

1-  When  the  body  is  heavier  than  water.  Weigh  it  both  out  of 
water  and  in  water;  then  say. 

As  the  weight  lost  in  water 

Is  to  the  whole  or  absolute  weight. 

So  is  the  specific  gravity  of  water 
To  that  of  the  body. 

2.  When  the  body  is  lighter  than  Water.  In  this  case  attach 
to  it  a piece  of  another  body  heavier  than  water,  so  that  the 
mass  compounded  of  the  two  may  sink  together.  Weigh  the 
denser  body  and  the  compound  body  separately,  both  out  of 
the  water  and  in  it ; and  find  how  much  each  loses  in  the  water 
by  subtracting  its  weight  in  water  from  its  weight  in  air  ; and 
subtract  the  less  of  these  remainders  from  the  greater.  Then 
use  this  proportion. 

As  tbe  last  remainder 

Is  to  the  weight  of  the  light  body  in  air, 

So  is  the  specific  gravity  of  water 
To  the  specific  gravity  of  the  body. 

3.  When  the  speeijic  gravity  of  a fluid  is  required.  Take  a 
piece  of  some  body  of  known  specific  gravity  : weigh  it  both  in 
and  out  of  the  fluid,  and  find  the  loss  of  w eight  by  taking  the 
difference  of  these  two  ; then  say. 

As  the  whole  or  absolute  weight 
Is  to  the  weight. 

So  is  the  specific  gravity  of  the  solid 
To  the  specific  gravity  of  tho  fluid. 

In  the  case  of  solid  substances,  they  may  be  cither  denser 
than  water  or  rarer,  and  they  may  be  insoluble  in  it  or  inenpn- 
blc  of  solution.  The  mode  of  determining  tbeir  specific  gravity 
will  accordingly  he  different. 

1.  Insoluble  solid  bodies,  denser  than  water  arc  weighed  in 
vacuo,  and  then  in  distilled  water:  and  the  loss  of  weight  which 
they  suffer  by  immersion,  is  to  their  whole  weight,  as  unit  is 
to  their  specific  gravity. 

2.  Insoluble  solid  bodies,  lighter  than  water,  requite  to  be 
joined  to  some  heavier  substance,  in  order  to  make  them  sink 
in  that  liquid.  The  weight  of  the  ballast,  when  immersed 
alone,  must  be  previously  ascertained.  This  weight,  diminish- 
ed, by  the  weight  of  the  compound  after  immersion,  will  there- 
fore give  the  buoyant  power,  or  the  weight  of  a mass  of  water 
equal  to  the  bulk  of  the  rare  substance.  The  weight  thus 
corrected  is  hence  to  the  weight  of  the  substance  in  vacuo,  as 
unit  is  to  its  specific  gravity.  The  computation  may  be  simpli- 
fied, however,  by  using  what  is  called  a water-weight,  or  an 
exact  counterpoise  of  the  tongs  or  bucket  by  which  tiic  body  is 
kept  immersed  in  the  fluid. 

3.  When  the  solid  substances  to  be  examined  are  saline,  or 
liable  to  solution  in  water,  they  may  be  gently  heated,  and 
covered  with  a thin  coat  of  melted  bces’-wax.  Thus  defended, 
they  may  now  be  plunged  without  any  risk  in  distilled  water. 
A slight  allowance  should  be  made  for  the  buoyant  influence 
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of  the  coat  of  wax  itself,  which,  however. must  be  very  minute, 
since  this  plastic  material  lias  very  nearly  the  density  of  w ater 
itself. 

A solid  substance,  rarer  than  the  fluid  medium,  must  evi- 
denlly  sink,  till  it  displace  an  equal  weight  of  the  fluid.  The 
submerged  part  of  the  solid  hence  always  marks  the  volume  of 
this  equiponderant  mass.  If  the  floating  body  have  a globular 
shape,  terminated  by  a long  slender  stem,  its  depression  in  any 
liquid  will  measure  the  smallest  differences  of  specific  gravity. 

The  stem  may  be  made  exactly  cylindrical,  for  instance,  and 
divided  into  portions  which  correspond  to  the  thousandth  parts 
of  the  bulk  of  the  ball.  Such  is  the  geueral  construction  of  the 
hydrometer,  a very  convenient  instrument  for  examining  rea- 
dily the  densities  of  different  liquids.  The  stem  will  scarcely 
bear  more  than  an  hundred  distinct  subdivisions ; but  the 
range  can  he  easily  enlarged,  by  attaching,  as  circumstances 
may  require,  loads  answering  to  100,  200,  300.  &c. 

One  of  the  easiest  and  simplest  methods  of  determining  tho 
densities  of  different  liquids,  is  by  a set  of  small  glass  beads, 
previously  adjusted,  and  numerically  marked.  Thrown  into 
any  liquor,  the  heavier  balls  sink,  till  they  approach  tho 
required  density,  and  become  gradually  buoyant,  nml  the  one 
which  first  rises  to  the  surface  indicates,  in  thousandth  pans, 
the  specific  gravity  of  the  fluid.  These  balls  arc  adapted  for 
examining  liquids,  whether  lighter  or  heavier  than  water. 

liut  the  most  accurate  and  concise  mode  of  ascertaining  the 
density  of  liquids,  is  to  employ  a small  glass  measure  with  a 
very  short  narrow  ucck.  and  adjusted  to  hold  exactly  a thousand 
grains  of  distilled  water.  The  vessel  being  filled  with  any 
other  liquid,  the  weight  of  it  is  observed,  and  thence  its  rela- 
tive density  to  water  may  he  found,  by  merely  striking  off  three 
decimal  places.  At  each  operation,  the  glass  must  he  care- 
fully rinsed  with  pure  water,  and  again  dried,  by  heating  it, 
and  thru  sucking  out  the  humified  air,  for  a few  minutes,  by 
help  of  a slender  inserted  tube. 

If  fluids  of  various  densities,  and  not  disposed  to  unite  in 
any  chemical  affinity,  be  poured  into  a vessel,  they  will  arrange 
themselves  in  horizontal  strata,  according  to  their  respective 
densities,  the  heavier  always  occupying  a lower  place.  This 
stratified  arrangement  of  the  several  fluids  will  succeed,  even 
though  a mutual  attraction  should  subsist,  provided  only  that 
iLs  operation  he  feeble  and  slow.  Thus  a body  of  quicksilver 
may  occupy  the  bottom  of  a glass  vessel,  above  it  a layer  of 
concentrated  sulphuric  acid,  next  this  a layer  of  pure  water, 
and  then  another  layer  of  alcohol.  The  sulphuric  acid  would 
scarcely  act  at  all  upon  tho  mercury,  and  a considerable  lime 
would  elapse  before  the  water  sensibly  penetrated  the  acid,  or 
the  alcohol  the  water.  Bodies  of  different  densities  might 
remain  suspended  in  those  strata.  Thus,  while  a ball  of  plati- 
num would  lie  at  the  bottom  of  the  quicksilver,  an  iron  hall 
would  float  on  its  surface;  but  a ball  of  brick  would  be  lifted 
up  to  the  acid,  aud  a ball  of  beech  would  swim  in  the  water, 
and  another  of  cork  might  rest  on  tbe  top  of  tbe  alcohol. 

Table  of  Specific  Gravities  of  Metals,  Slortct,  Earths,  ffc. 

It  may  be  convenient  here  to  state,  merely  in  round  num- 
bers, the  specific  gravities  of  the  more  remarkable  substances. 


Metals . 

Platinum,  purified,  ....  19*30 
— hammered,  . . 20*34 

•  laminated,  . . 20*34 

•  — drawn  into  wire,  22*07 

Gold  pare  aud  cast,...,  19-20 

hammered,  19  30 

Mercury,  13*07 

Lead,  cast,  11*33 

Silver,  pure  and  cast,. . 10*47 

— — hammered,  10*31 

Bismuth,  cast 982 

Copper,  cast 8'79 

— — wire,,..,......  8*89 

Brass,  cast,  8*10 

wire, 8 34 

Cobalt  and  Nickel,  cast,  7 81 

Iron,  cast . 7*21 

Iron,  malleabl:*,  7 79  1 

5 N 


Steel,  soft, 7*83 

hammered,  7 84 

Tin,  cast,  7*30 

Zinc,  cast, 7*20 

Antimony,  cast,  4*95 

Molybdenum.  ....... . 4*74 

Sulphate  of  barytes 4*43 

Zircon  of  Ceylon, 4*41 

Stones . 

Oriental  ruby 4*28 

Brazilian  ruby, 3*33 

Bohemian  garnet,  ......419 

Oriental  topaz, 4 01 

Diamond,  . 3‘fiO 

t rade  manganese,  ....  333 

1 Flint  glass 2*89 

{ Glass  of  St  Gobin,  ....  2*49 

Fluor  spar,  3*18 

Parian  marble,  2*34 
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Peruvian  emerald, 2*78 

Jasper 2*70 

Earths,  Sc. 

Carbonate  of  lime,  ....  2*71 

Rock  crystal, 2' 65 

Flint 2-59 

Sulphate  oPIiinc, 2*32 

Sulphate  of  soda......  2*20 

Common  salt 2*13 

Native  sulphur, 2*03 

lies  ins,  (rums.  Sc- 
Gum  arabic  and  honey,  1*45 

1*15 

Isinglass, 1*11 

Yellow  amber 1*08 

Hen’s  egg.  fresh  laid,. . 1*00 

Human  hluod, 1*95 

Camphor, *99 

White  wnx, *97 

Tallow *94 

Pearl 2 75 

Alum...... 1*72 

Asphaltum 1.40 

Jet 1*24 

Coal,  from 1*24  to  1*30 

Sulphuric  acid, 1*84 

Nitric  acid 1*22 

Wood. 

Lignum  vita* 1 33 

Ebony, 1*18 

Mahogany, TOO 

Dry  oak,  *93 

Beech,  -8.5 

Liquids,  Oils,  S*e. 

Equal  part*  by  weight  of  water 

Elm,  from  .80  to  ’00 

Fir,  from 67  to  *50 

Stiongalcohnl *82 

Sulphuric  a*thcr ‘74 

Naphtha, *71 

Gates. 

Chlorine *00602 

Carbonic  acid  gas,  . . *00164 

Oil  of  sassafras 1*00 

Linseed  oil *94 

Atmospheric  air,  ....  *00121 
Azotic  ga* *00006 

White  sugar 1*61 

One  bundled  cubic  inches  of  chlorine,  cnrbonic  acid  gas,  ) 
oxygen  gas,  atmospheric  air,  azotic  gas,  and  hydrogen  gas,  ! 
weigh  respectively  76*2. 46  5,33*9, 30*6, 20*6, and  2*1  grains  troy,  , 
One  cubic  inch  of  distilled  water  nt  the  ordinary  temperature  , 
of  62  degrees  Fahrenheit,  weighs  in  air  252*5  grains.  Hence  the 
weight  of  a cylindrical  inch  of  water  weighs  198*3  grains  ; but  '■ 
the  same  measure  of  quicksilver  would  weigh  2601  grains, 
which  affords  a ready  method  for  ascertaining  the  diameters  of 
very  narrow  or  capillary  glass  tubes. 

Since  the  avoirdupois  pound  contains  7001  grains  Troy, 
it  must  be  equal  to  the  weight  of  27,727  cubic  inches  of  water. 
Wherefore,  a cubic  foot  of  water  weighs  62,322  pounds,  or 
almost  exactly  one  thousand  ounce*  avoirdupois.  A cubic  foot 
of  water  seems  to  have  anciently  corresponded  to  the  weight 
of  a bushel  or  firlot  (fourihict)  of  wheat,  four  of  which  make  a 
hull,  eight  times  this  a ton,  and  the  double  of  this  again  u chal- 
dcr.  The  ton  is  therefore  2000  lbs.,  or  more  generally  reckoned 
twenty  hundred  weight,  each  hundred  consisting  of  112  Ih. 

The  weight  of  a cable  of  720  feet,  or  120  fathoms  length, 
worked  up  from  strand*  180  fathom*  long,  is  found,  by  multi- 
plying the  square  of  the  circumference  in  inches  by  19|  lb. 
The  square  of  half  the  diameter  will  hence  nearly  express  in  i 
pounds  the  weight  of  a foot  of  cord.  A chaldron  of  Newcastle  j 
coals  is  reckoned  equal  to  1}  ton  or  3024  lb.  the  bushel  being 
only  the  34th  part,  or  84  pounds  avoirdupois. 

When  the  specific  gravity  of  any  substance  is  known,  it  is 
easy  to  calculate  by  the  foregoing  table  of  specific  gravities,  the  ! 
weight  of  any  given  hulk  of  that  body,  as  the  figure*  which  | 
denote  the  specific  gravity  denote  also  the  number  of  ounces  < 
avoirdupois  in  a solid  foot;  the  figures  are  now  considered  J 
whole  numbers. 

Exam.  I.  Of  Lead.  What  is  the  weight  of  7 solid  fcctoflead? 
Here  the  tabular  number  for  lead  is  11*352.  which  multiplied  i 
by  7 gives  79*404;  and  this  divided  by  16,  by  28,  and  4,  gives 
44cwl.  1 qr.  II  lbs.  12 OS.  for  the  quotient  or  weight  of  7 solid 
feet  of  lead. 

2.  Of  Oats.  What  is  the  weight  of  48  solid  feet  of  oak  ! From 
the  table  oak  is  found  to  contain  925  ounces  in  a solid  foot; 
therefore  925  X 48—16  by  28  and  4 gives  24cwt.  3qrs.  3 lbs. 
for  the  weight  of  48  feet  of  solid  oak. 

3.  Of  Cork . What  is  the  weight  of  50  solid  feet  of  cork  f 
Here  from  the  table  cork  weighs  240 ounces  every  solid  foot; 
therefore  240  x SC  -f- 10,  by  28,  and  4,  gives  7 cwl.  2 qrs.  for  the 


answer. — This  subject  is  treated  hereafter  under  the  word 
Hydrostatics,  and  the  article  Solid  Uodieg  Floating  in  FI  nut. 

GRAVITY,  in  Music.  Is  the  modification  of  any  sound  by 
which  it  becomes  deep  or  low  in  respect  of  some  other  sound. 

GREAT  Circle  Sailing,  the  manner  of  conducting  a ship 
in.  or  rather  pretty  near  the  arch  of  a great  circle,  that  passe* 
through  the  zenith  of  the  two  place*,  ru.  from  whence  she 
came,  and  to  which  she  is  bound. 

GREEK  Flint,  an  invention  of  the  middle  ages,  which  for 
many  years  was  kept  a secret  by  the  court  of  Constantinople, 
and  enabled  the  Greeks  for  n time  to  resist  the  arm*  of  the 
Mahometans.  It  was  employed  in  battles  by  land  and  se*, 
and  on  one  occasion,  was  the  means  of  destroying  n Heel  em- 
ployed in  the  siege  of  Constantinople.  It  continued  to  burn 
under  water.  The  composition  is  now  unknown,  and  has 
censed  to  be  an  object  of  interest,  from  the  invention  of  the 
more  formidable  lire  of  gunpowder.  It  is  thought  that  it  w as 
made  ofasphalgum,  nitre,  and  sulphur. 

Greek  Church.  In  the  eighth  century  thero  arose  a differ- 
ence between  the  eastern  and  western  churches,  which,  in  the 
course  of  about  two  centuries  and  a half,  ended  in  a total 
separation.  The  Greek,  or  Eastern,  or,  a*  it  is  sometimes 
called,  the  Russian  church,  spread  itself  over  the  eastern  parts 
of  Europe.  It  hears  a considerable  resemblance  to  the  church 
of  Rome,  but  denies  the  infallibility  and  supremacy  of  the 
Pope:  it  rejects  also  the  worship  of  images,  and  the  doctrine 
of  consubstanliatton,  or  the  union  of  the  body  of  Christ 
with  the  sacramental  elements.  The  administration  of  bap- 
tism is  performed,  as  in  the  ease  of  Chiist  himself,  St.  Matth. 
iii.,  or  of  Philip  and  the  Eunuch,  Art >,  eh.  viii.,  by  immersing 
the  whole  body.  The  Greek  church  has  the  same  division  of 
clergy,  and  distinction  of  rank*  and  offices,  with  the  church 
of  Rome. 

GREEN,  one  of  the  original  colours  excited  by  the  rays  of 
light,  ami  w hich  colour  depends  on  the  absorption  of  carbonic 
acid. 

Green,  Uruusitick,  is  made  by  saturating  cold  water  with 
mutinied  ammonia,  and  adding  three  times  as  much  copper 
clipping  as  ammonia.  The  moisture  is  to  be  evaporated, 
taking  earn  that  no  dust  he  allowed  to  get  to  it.  The  muriate 
of  ammonia  is  decomposed  by  the  copper,  which  is  itself  cor- 
roded and  converted  into  a green  oxide.  It  is  then  to  he 
digested  in  successive  portions  of  alcohol,  as  lone  ns  any  green 
oxide  is  taken  up;  the  solutions  are  now  to  be  added  together, 
and  the  liquor  to  he  driven  off  by  a muderute  heat;  the  resi- 
due is  the  pigment  required. 

Green  Cloth,  a hoard  or  court  of  justice,  held  in  the  counting 
house  of  the  king*  a household,  composed  of  the  lord  steward 
and  officers  under  him,  who  sit  daily.  To  this  court  is  commit- 
ted the  charge  and  oversight  of  the  king's  household  in  matter* 
of  justice  and  government,  with  n power  to  correct  all  offend- 
ers. and  to  maintain  the  peace  of  the  verge,  or  jurisdiction  of 
the  court  royal ; which  is  every  way  about  two  hundred  yards 
from  the  last  gate  of  the  palace  where  Ins  majesty  reside*. 
Without  a warrant  first  obtained  from  this  court,  none  of  the 
king’s  servant*  can  he  arrested  for  debt. 

GREENHOUSE,  or  conservatory,  a house  in  a garden  con- 
trived for  sheltering  arid  preserving  the  most  tender  and 
curious  exotic  plant*,  which,  in  our  climate,  will  not  hear  to 
he  exposed  to  the  open  air  during  the  winter  season.  These  arc 
generally  large  and  beautiful  structures,  equally  ornamental 
and  useful. 

GREGORIAN  Calendar,  that  which  shews  the  new  and  full 
inoon,  with  the  time  of  Easter,  and  the  moveable  feasts 
depending  thereon,  by  mean*  of  epacts,  disposed  through  the 
several  months  of  the  Gregorian  year. 

Gregorian  Epoch,  the  epoeba  or  time  whence  the  Grego- 
rian calendar  or  computation  took  place.  The  year  1826  is 
the  244th  year  of  that  cpocha. 

Gregorian  Year,  the  Julian  year  corrected  or  modelled  in 
such  a manner  as  that  three  secular  years,  which  in  the  Julian 
account  are  bissextile,  arc  here  common  years,  and  only  every 
fourth  secular  year  is  made  a bissextile  year. 

The  Julian  computation  is  more  than  the  solar  year  hy  eleven 
minutes,  which  in  one  hundred  and  thirty -one  years  amounts 
to  a whole  day.  By  this  calculation  the  vernal  equinox  w ns 
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anticipated  ten  days  from  the  time  of  the  general  council  of 
Nice,  held  in  the  year  325  of  the  Christian  era,  to  the  time  of 
Pop©  Gregory  XI II.,  who  therefore  caused  ten  days  to  be 
taken  out  of  October,  in  1662,  to  make  the  equinox  tall  on  the 
twenty-first  of  March,  as  it  did  at  the  time  of  that  council : and 
to  prevent  the  like  variation  for  the  future,  be  ordered  that 
three  days  should  he  abated  in  every  four  hundred  years,  by 
reducing  the  leap-year  at  the  close  of  each  century  for  three 
successive  centuries  to  common  years,  and  retaining  the  leap- 
year  at  the  close  of  each  fourth  century  only.  This  is  not 
exactly  conformable  to  the  true  solar  year,  because  that  in  four 
hundred  years  it  gets  one  hour  and  twenty  minutes. 

GRENADE,  or  Grenado,  is  a kind  of  small  bomb  or  shell, 
being  furnished  with  a touch-hole  and  fuse,  and  is  thrown  by 
hand  from  the  tops,  &c.  whence  they  arc  most  generally  styled 
hand-grenades.  See  the  article  Engagement.  Thuanus  ob- 
serves,  that  the  first  time  grenadocs  were  used  was  at  the 
*icge  of  Wacklindonck,  a town  near  Gueldrcs  ; and  that  the 
inventor  was  an  inhabitant  of  Venice,  who,  in  making  an 
experiment  of  the  effect  thereof,  occasioned  two-thirds  of  that 
city  to  be  burnt,  tl.e  fire  having  been  kindled  by  the  fall  of  a 
grenade.  The  best  way  to  set ure  a man's  body  from  the  effect 
uf  a grenado  is  to  lie  Hut  down  on  the  ground  previous  to  its 
explosion. 

GRENA1LLE,  a preparation  of  copper,  which  the  Chinese 
use  as  a red  colour  in  sonic  of  their  finest  china.  This  colour 
is  thus  obtained  : when  copper  is  in  fusion,  water  is  sprinkled 
over  it,  and  a nclliclc  or  coat  forms  itself  on  the  surface  of  the 
copper,  which  is  iuken  off  w ith  iron  pincers,  and  immediately 
thrown  into  a vessel  of  cold  water,  w here  it  forms,  by  precipi- 
tation. the  red  colour  named  (IrenaiUe. 

GREY  WAt’KE,  a coarse  kind  of  slate,  which  has  been  so 
named  by  the  Germans.  It  is  thus  described  by  Dr.  Thompson: 
“Grey  wacko  is  composed  of  grains  of  sand,  which  are  of  various 
sizes,  and  sometimes  even  approach  in  magnitude  to  rolled 
masses.  These  are  connected  together  by  a basis  of  clay-slate, 
(common  slate.)  and  hence  this  rock  derives  Its  grey  colour 
and  solidity.  These  fragments  are  sometimes  quarts,  some- 
times a kind  of  indurated  clay-slate,  and  sometimes  Ainty-slite, 
The  texture  of  greywacke  becomes  gradually  finer  and  finer 
grained,  till  at  last  it  can  no  longer  be  perceived,  and  a slaty 
structure  succeeds-  It  then  passes  into  grcywackr  slate- 
Grcywacke  slate  is  nothing  else  than  a variety  of  clay-slate, 

GRIFFON,  in  Heraldry,  an  imaginary  animal  feigned  by  the 
ancients  to  be  half  eagle  and  half  lion  ; by  this  form  they  intend- 
ed to  give  an  idea  of  strength  and  swiftness  joined  together, 
with  an  extraordinary  vigilance  in  guarding  the  things  intrust- 
ed to  its  care- 

GRINDING,  the  reducing  bard  substances  to  fine  powders, 
either  by  the  mortar,  or  by  way  of  levigation  upon  a marble. 

GRIPE,  a piece  of  timber  faced  against  the  lower  piece  of 
the  stem  from  the  foremost  end  of  ihc  keel,  joining  with  the 
knee  of  the  head:  its  use  is  to  defend  the  lower  part  of  the 
stern  from  injury,  but  is  often  made  the  larger,  that  the  ship 
may  keep  a good  wind.  See  the  article  Forefoot. 

Gripe  of  a Ship,  is  the  compass  or  sharpness  of  her  stern 
under  water,  chiefly  towards  the  bottom  of  her  stern.  The 
design  of  shaping  her  so  is  to  make  her  gripe  the  more,  or  keep 
a good  wind,  for  which  purpose,  sometimes  a false  stern  is  put 
upon  the  true  one. 

GRIPES,  a machine  formed  by  an  assemblage  of  ropes, 
hooks,  and  dcad-e>cs,  and  used  to  secure  the  boats  upon  the 
deck  of  a ship  at  sea,  and  prevent  them  from  being  shaken  by 
the  labouring  of  the  vessel.  The  hooks,  w hich  arc  fastened  at 
their  ends,  arc  fixed  in  ring  bolts  in  the  deck  on  each  side  of 
the  boat;  whence,  passing  over  her  middle  and  extremities, 
they  arc  extended  by  means  of  the  dead  eyes,  so  as  to  render 
the  boats  firm  and  secure. 

GRIPING,  the  inclination  of  a ship  to  run  to  windward  of 
her  course,  particularly  when  she  sails  with  the  wind  on  her 
beam  or  quarter : this  effect  is  partly  occasioned  by  the  shock 
of  the  waves  that  strike  the  ship  perpetually  on  the  weather 
quarter,  and  force  the  stern  to  leeward  ; but  principally  bv  the 
arrangement  of  the  sails,  which  disposes  the  ship  continually  to 
edge  to  windward,  while  In  this  situation  of  sailing;  in  such 
caso  they  say,  she  gripes  or  is  griping. 
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GRIT,  a genus  of  argillaceous  earths,  with  a texture  more  or 
less  porous,  equable  and  rough  to  the  touch.  It  neither  gives  fire 
with  steel  nor  effervesces  with  acids.  When  fresh  and  breathed 
on,  it  exhales  an  earthy  smell  Its  specific  gravity  varies  from 
*2-0  to  2,6.  and  is  used  for  mill-stones  and  whet-stones,  and 
sometimes  for  filtering-stones  and  building. 

GROG,  a general  name  for  any  spirituous  lirjuor  and  water 
mixed  together ; but  is  more  particularly  applied  to  rum  and 
water  cold  without  sugar. 

GROIN,  among  Builders,  is  the  angular  curve  made  by  (he 
intersection  of  two  semi-cylinders  or  arches  ; and  is  either 
regular  or  irregular: — regular,  as  when  the  intersecting  arches, 
whether  semicircular  or  semi  elliptical,  are  of  the  same  diame- 
ters and  heights,  — and  irregular , when  one  of  the  arches  is 
semicircular,  and  the  other  semi-elliptical. 

GROMMET,  a sort  of  ring  or  small  wreath  formed  of  a 
strand  of  rope  laid  in  three  limes  round;  used  to  fasten  the 
upper  edge  nf  a sail  to  its  slay  in  different  places,  by  means  of 
which  the  sail  is  accordingly  hoisted  or  lowered.  Instead  of 
grommets,  hanks  have  been  lately  introduced.  See  the  article 
Hanks. 

GROSS,  in  law  bonks,  signiGcs  absolute  or  independent  on 
another:  thus  an  advowson  in  gross  is  one  distinct  and  sepa- 
rate from  the  tnnnor. 

Gross  J Irak,  the  English  name  of  a bird  called  by  authors 
loxia-  See  Loxia. 

Gross  Weight,  the  whole  weight  of  merchandises,  with  their 
dust  and  dross;  as  also  the  bag  or  chest  wherein  they  arc  con- 
tained. An  allowance  is  usually  made  out  of  the  gross  weight 
for  tare  and  tret.  AW  Tare. 

GROTTO,  a large  deep  cavern  or  den  in  a mountain  or  rock. 

Grotto  del  Cane,  is  a little  cavern  near  Pozzuoli,  two  miles 
from  Naples  ; the  air  contained  in  it  is  of  a mephitical  or  nox- 
iont  quality,  it  is  in  truth  carbonic  acid  gas.  The  vapour  rises 
only  to  a certain  height.  When  a dog  or  any  other  creature  is 
forcibly  kept  below  it,  or  cannot  bold  its  head  above  it,  it 
presently  loses  all  motion,  and  falls  down  in  a swoon,  the 
limbs  convulsed  and  trembling,  till  at  Inst  no  more  signs  of  life 
appear  than  a very  weak  and  almost  insensible  beating  of  the 
heart  and  arteries,  which,  if  the  animal  is  left  a little  longer, 
quickly  ceases  too,  and  then  the  case  is  irrevocable;  but  if  it 
is  snatched  out  and  laid  in  the  open  air,  it  soon  conies  to  life 
again,  and  sooner,  if  thrown  into  the  adjacent  lake.  The  effects 
arc  produced  merely  by  carbonic  acid  gas,  which  accumulates 
at  the  bottom  of  the  grotto.  A human  being  is  perfectly  safe, 
because  the  gas  rises  only  a short  way  from  the  bottom  ; hut 
if  a man  wero  to  lie  down,  he  would  suffer  in  the  same  manner 
as  a dog. 

Grotto,  is  also  used  for  a small  artificial  edifice  made  in  a 
garden,  in  imitation  of  a natural  grotto.  The  outsides  of  these 
grottos  are  usually  adorned  with  rustic  architecture,  and  their 
inside  with  shell-work,  coral,  &c.  The  following  is  a good 
cement  for  grotto-w  ork  : Take  two  parts  of  white  resin,  melt  it 
clear,  add  to  it  four  parts  of  becs-wnx;  when  melted  together, 
add  some  flour  of  the  stone  you  design  to  cement,  two  or  threw 
parts,  or  so  much  as  w ill  give  the  cement  the  colour  of  the 
stone ; to  this  add  one  part  of  the  flower  of  sulphur ; first 
incorporate  all  together  over  a gentle  fire,  and  afterward* 
knead  it  with  your  hands  in  warm  water.  With  this 
fasten  ihc  stones,  shells,  &c.  after  they  arc  well  dried,  and 
warmed  before  the  fire. 

GROUND,  in  Painting,  the  surface  upon  which  the  figures 
and  other  object*  ore  represented.  See  Painting. 

GROUNDING,  the  act  of  laying  a ship  on  shote,  in  order  to 
bream  or  repair  her:  it  is  also  applied  to  running  aground 
accidentally  when  under  sail. 

GROUND  Tackle,  a general  name  given  to  all  sort*  of 
ropes  and  furniture  which  belong  to  the  anchors,  or  which  are 
employed  in  securing  a ship  in  a road  or  harbour ; as  cables, 
anchors,  bow-lines.  &c. 

GROUP,  in  Painting  And  Sculpture,  Is  an  assemblage  of 
two  or  more  figures  of  men,  beasts,  fruits,  or  the  like,  which 
have  some  apparent  relation  to  each  other. 

Group,  in  Slusic,  one  of  the  diminutions  of  long  notes,  which 
in  working  form  a sort  of  group,  knot,  or  bush. 

GROUSE,  a species  of  the  Tetrao. 
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GROWING,  implies  the  direction  of  the  cable  from  the  ship 
towards  the  anchors,  as,  the  cable  grows  on  the  starboard-bow, 
« e.  stretches  out  forwards  towards  the  board  or  light  side, 
GRUB,  the  name  of  worms  produced  from  the  eggs  of  bee- 
tles, which  arc  at  length  transformed  into  winged  insects  of 
the  same  species  with  their  parents. 

GRUS,  the  Crank,  contains  thirteen  stars,  sir.  one  of  the  2d 
magnitude,  two  of  the  3d,  and  two  of  the  4th ; ami  the  whole 
constellation  culminates  with  Cygnus  nnd  Aquarius,  but  m* 
part  of  it  is  visible  in  our  latitudes,  fl,  the  brilliant  in  the 
eastern  wing  of  the  Crane,  and  of  the  ‘2d  magnitude,  has 
xxi  ho.  6Gmi.  68  sec.  right  ascension  in  Time;  (/1km.  lor. 
3*  .84,)  and  47s  4^  bo”  declination  south,  (Ann.  Var.  — 17*.  16.) 
This  star  cnlminates  for  the  1st  of  each  month  in  the  year, 
agreeably  to  the  following  table,  rectified  for  18*22  in  astrono- 
mical time. 


Month. 

Culm. 

Month. 

CCLM. 

Month. 

Culm. 

ho. 

mi. 

•VC. 

bo. 

mi. 

ho 

mi. 

acc. 

J»a. 

3 

10 

10 

May 

19 

21 

Stpi. 

It 

14 

0 

Feb. 

0 

48 

20 

Juno 

17 

19 

4 

Oct. 

9 

27 

12 

Mar. 

23 

ti 

44 

July 

14 

14 

9 

Nov. 

7 

31 

1 1 

April 

21 

12 

34  1 

Aug. 

13 

10 

4 1 

1 Dec. 

3 

27 

40 

GRYLLOTalpa,  the  Mote  Cricket,  a speoics  of  gry  Hus  with 
the  anterior  feet  palmatcd. 

GRYLLUS,  in  Natural  History, the  Locust.  Grasshopper,  nnd 
Cricket,  si  genus  of  insects  belonging  to  the  order  hcmipicra.  of 
which  there  are  61  species.  Among  the  most  numerous  species 
is  the  gry  Hus  migratorius  of  Linnaeus,  or  common  migratory 
locust.  Legions  of  these  animats  arc  from  lime  to  time  ob- 
served in  various  parts  of  the  world,  where  the  havock  they 
commit  is  almost  incredible:  whole  provinces  are  in  a manner 
desolated  by  them  in  the  space  of  a few  days,  and  the  air  is 
darkened  by  their  numbers  ; nay.  even  when  dead,  they  are 
still  terrible  ; since  the  putrefaction  arising  from  their  incon- 
ceivable number  is  such  that  it  has  hecn  regarded  as  one  of  the 
probable  causes  of  pestilence  in  the  eastern  regions.  One  of 
the  largest  species  of  locust  yet  known  is  the  gryllus  cristatus 
of  Linnecus,  five  or  six  times  the  size  of  the  gryilus  migrate- 
vius;  and  together  with  some  others  of  the  large  kind,  is  made 
use  of  in  various  parts  of  the  world  as  an  article  of  food.  The 
gru Hus  viridissimus  of  Linnscus,  one  of  the  largest  European 
species,  is  often  seen  during  the  decline  of  summer  in  our 
own  country. 

GUANO,  a substance  found  on  many  of  the  small  islands  in 
the  South  Sea,  which  are  the  resort  of  numerous  flocks  of  birds, 
particularly  of  the  ardoa  and  phaenicontcrus  genus.  It  is  dug 
from  beds  fifty  or  sixty  feet  thick,  and  used  as  a valuable  ma- 
nure in  Peru,  chiefly  for  Indian  corn. 

GUARD,  in  a general  sense,  signifies  the  defeocc  or  preser- 
vation of  any  thing ; the  act  of  observing  wbat  passes,  in  order 
to  prevent  surprise;  or  the  care,  precaution, and  attention,  wc 
make  use  of,  to  prevent  any  thing  happening  contrary  to  our 
intention  or  inclinations. 

Guard,  in  the  Military  art,  is  a duty  performed  by  a body  of 
men.  to  secure  an  army  or  place  from  being  surprised  by  an 
enemy.  In  a garrison  the  guards  are  relieved  every  day,  and 
it  coincs  to  every  soldier's  turn  once  in  three  days. 

Guard,  Advanced,  is  a party  of  cither  horse  or  foot,  that 
marches  before  a more  considerable  body,  to  give  notice  of 
any  approaching  danger. 

Guard,  Artillery,  is  a detachment  from  the  array  to  secure 
the  artillery  . 

Guard,  Main,  that  from  whence  all  the  other  guards  are 
detached. 

Guard,  Piquet,  a good  number  of  horse  and  foot,  always  in 
readiness  in  case  of  an  alarm  ; the  horses  are  all  the  time  sad- 
dled, and  the  riders  booted. 

Guard  float , a boat  appointed  to  row  the  rounds  among  the 
ships  of  war  in  any  hatbour,  to  observe  that  their  olliccrs  keep 
a good  look-out. 

Guard  Ship,  a vessel  to  superintend  the  marine  affairs  in  a 
harbour  or  river,  nnd  to  see  that  the  ships  which  arc  not  com- 
missioned have  their  proper  watch  duly  kept. 

Guard,  in  Fencing,  is  a posture  proper  to  defend  the  body 
from  an  enemy's  sword.  There  are  several  guards  of  the 
sword,  bat  they  may  all  be  reduced  to  four ; to  form  a perfect 


idea  of  which,  we  must  suppose  a circle  draw  n on  a wall,  and 
divided  into  four  caidinul  parts, viz.  top  and  bottom,  right  and 
left.  When  the  point  of  the  sword  is  directed  to  the  bottom 
uf  the  circle,  w ith  the  liilt  opposite  to  its  top,  the  body  inclining 
very  forward,  this  is  railed  the  prime  or  Hrst  guard*  The 
around  guard  is  when  the  point  is  directed  to  the  right  or  se- 
cond point  of  the  same  circle,  with  the  hilt  of  the  sword  turned 
to  the  left,  and  the  body  proportionably  raised.  The  tierce,  or 
third  guard,  is  when  the  point  of  the  nword  is  raised  to  the 
uppermost  part  of  the  same  circle,  in  which  case  the  body,  the 
arm,  and  the  sword  arc  in  their  natural  position,  nnd  in  tbc 
mean  of  the  extremes  of  their  motion.  The  quart,  or  fourth 
guard,  is  when  the  point  of  the  sword  is  diiccted  to  the  fourth 
point  of  the  circle,  descending  to  (he  right  as  far  as  onr-iouith 
of  the  tierce,  with  the  outward  pait  of  the  arm  and  the  Hat  of 
the  sword  turned  towards  the  ground,  and  the  body  out  of  the 
line  to  the  right,  and  the  hilt  of  the  sword  towards  the  line  to 
the  left.  There  is  also  a quint,  or  fifth  guard,  which  is  only  the 
return  of  the  point  of  the  sword  to  the  right,  after  traversing 
the  cilrie  to  the  poiut  of  the  prime,  from  whence  it  had  depart- 
ed. with  a different  disposition  of  the  body,  arm,  and  sword. 
The  corutnun  centre  of  all  these  motions  ought  to  be  in  the 
shoulder. 

GUARD •/nm*,  curved  bars  of  irons  placed  over  the  orna- 
mental figures  of  a ship’s  head  or  quarter,  to  defend  them  from 
injury. 

GUA  RDI  AN.  iu  Law,  is  one  appointed  to  take  care  of  a per- 
son and  his  atfairs,  who  by  legal  imbecility  and  want  of  under- 
standing, is  incapable  of  acting  fur  his  own  interest*  Guardian 
by  nature,  is  the  father  or  mother ; and  by  the  common  law 
every  father  has  a right  of  guardianship  of  the  body  of  his  son 
and  heir  until  he  attains  to  the  age  of  21  years.  This 
guardianship  extends  no  farther  than  the  custody  of  the  infant's 
person.  The  father  may  disappoint  the  mother,  ami  other 
ancestors,  of  the  guardianship  by  nature,  by  appointing  a tes- 
tamentary guardian. 

Guardian,  by  the  Common  Law,  or  Guardian  in  Soccage, 
may  be  thus  explained.  If  a tenant  in  soccage  die.  his  heir 
being  under  14.  the  next  of  blood  to  the  heir,  to  whom  the 
inheritance  cannot  descend,  shall  be  guardian  of  his  body  and 
land  till  14  ; the  heir  after  14  may  choose  his  own  guardian, 
who  shall  continue  till  he  is  21.  The  guardians  in  soccagc 
are  to  transact  alt  aifairs  in  their  own  name,  and  not  in  the 
name  of  the  infant. 

Guakdi  an  by  Statute,  or  Testamentary  Guardian.  By  thcstatule 
12  C*  II.  e.  24.  a father  may,  by  deed  or  will,  attested  by  two  wit- 
nesses. appoint,  dispose  of  tbe  custody  of  bis  child,  born  or  un- 
born, to  any  person  except  a popish  recusant  convict,  either  in 
possession  or  reversion,  till  such  child  attain  21.  This  guardian 
supersedes  the  guardian  in  soccage,  and  has  all  actions  which 
that  guardian  might  have  hail-  Besides  which  lie  has  the  care 
of  the  estate,  real  and  personal.  A father  cannot,  under  this 
statute,  appoint  one  to  his  natural  child.  Tbc  chancellor, 
however,  will  upon  application  appoint  the  tamo  person 
guardian. 

Guardians  by  custom  are  appointed  in  the  city  of  London, 
in  the  county  of  Kent,  and,  with  respect  to  copyhold  lands,  in 
somo  manors- 

Guardian,  in  Chivalry,  is  obsolete,  but  extended  to  twcuty- 
odc  years. 

Guardian,  by  appointment  of  the  lord  chancellor.  The  court 
of  chancery  is  the  only  proper  court  that  has  jurisdiction  in 
appointing  and  removing  guardians,  and  in  preventing  them 
nnd  others  from  abusing  tbe  persons  or  estates.  Tbc  court 
determines,  ns  to  the  right  of  guardianship,  who  is  the  next 
of  kin,  Rild  who  the  most  proper  guardian  ; as  also  orders  are 
made  on  petition  or  motion  for  the  provision  of  infants  during 
any  dispute  therein  ; as  likewise  guardians  removed  or  com- 
pelled to  give  security ; they  and  others  punished  for  abuses 
committed  on  infants,  nnd  effectual  care  taken  to  prevent  any 
abu«cs  intended  them  in  their  persons  or  estates.  All  courts 
of  justice  appoint  guardians  to  infants,  to  see  and  prosecute 
their  rights  in  their  respective  courts  w hen  the  occasion  calls 
for  it.  There  are  also  some  rases  where  an  infant  may  clcet 
a guardian,  and  the  court  of  chancery  allows  him  to  do  so, 
after  14. 
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Gi-aroian  of  the  Spiritualties,  is  he  to  whom  the  spiritual 
jurisdiction  uf  any  diocc.sc  is  committed  during  the  vacancy 
of  the  see. 

GUDGEONS,  in  Machinery,  having  all  the  weight  on  the 
shaft  to  support,  ought  to  be  made  sufficiently  strong  for  that 
purpose;  while,  to  avoid  unnecessary  friction,  they  should  be 
made  as  small  in  diameter  as  possible,  consistently  with  the 
requisite  strength  and  durability.  Wrought  iron  being  stronger 
than  cast  iron  in  about  the  ratio  of  7 to  5,  will  bear  a greater 
weight;  yet,  cast  iron  being  cheaper,  and  more  easily  shaped, 
is  more  frequently  employed  for  gudgeons. 

Rules  for  the  Gudgeons  of  Water-wheels. — 1.  The  cube  root  of 
the  w eight  of  a water-wheel  tn  hundred  weights,  is  ncarlv  equal 
to  the  diameter  in  inches,  of  a cast-iron  gudgeon  suflicii-n  "j 
strong  to  support  such  wheel.  2.  For  wooden  water-wheels, 
multiply  the  diameter  in  feet  by  the  width  also  in  fret,  to  which 
add  the  square  of  half  the  diameter:  the  cube  root  of  the  sum 
will  be  nearly  equal  to  the  diameter  of  the  gudgeon  in  inches 

These,  of  course,  must  be  regarded  as  approximations:  hut 
it  has  been  inferred  from  several  experiments,  that  gudgeons 
of  the  same  size,  of  cast  and  of  w rought  iron,  arc*  capable,  at  a 
medium,  of  sustaining  weights  without  flexure,  in  ihe  propor- 
tion of  9 to  14.  Upon  this  principle  has  been  computed  the 
following  table,  to  shew  the  proportionate  diameters  uf  enst- 
iion  and  wruught-iron  gudgeons. 

Table  of  Cast  and  Wrought  Iron  Gudgeons. 


2 3 4 


DUiaeter 
of  call-iron 
gudgeons 
in  inches. 

Cube  of  ditnulcr  of  cast  • 
iron  gudgeon*,  or  the 
own.  which  the  gudg- 
eons may  sastain. 

Cob*  of  diHRioler 
of  wrought  iron 
gedgeonj. 

Diameter 
of  wrought  iron 
gudgeons  in 
inches  anti  parts. 

1* 

1* 

-6428571 

•863064 

1 25 

1*953125 

1 *2556803 

1*063340 

15 

3.375 

2 1096427 

1 259921 

1 75 

6 359375 

3*4453125 

1 514825 

2- 

8* 

6 1428571 

1 -7014176 

2 26 

11*400626 

7 3289732 

1-912933 

2 5 

16625 

10*0440428 

2 154436 

2-75 

20  796876 

13*3694196 

2-351335 

3* 

27* 

17*3571428 

2 571282 

3 26 

34  328125 

22  0070803 

2*H02U39 

3*5 

42  875 

27*6025 

3*018294 

3 75 

62*734376 

33 -9006606 

3*239612 

4* 

64* 

41*1428571 

3-448217 

4 2 

76  705626 

49*3493303 

3-659306 

4 5 

91  125 

68  6803571 

3-801936 

4 7 

107*171875 

68H06 

4101560 

5* 

125* 

80-357 

4*300870 

525 

144  763125 

93*023 

4-530656 

66 

166*376 

106-956 

4 747459 

6*75 

190  109376 

122*213 

4059675 

O' 

216* 

138-867 

6' 180101 

025 

244*140025 

156048 

6-394690 

6-5 

274*636 

176  545 

5609376 

676 

307*546876 

197  709 

6 828476 

7' 

3 43* 

220*600 

0041377 

7'26 

381078125 

241979 

6-2673*24 

7'5 

421*875 

271  205 

6*471274 

7 75 

466*484376 

290240 

0*000802 

8' 

612* 

320*143 

C 903436 

8 25 

561  515625 

300*975 

7-  i 20367 

85 

614*125 

391  795 

7 33723 1 

8 75 

069  921876 

430*064 

7.663088 

D* 

720 

468-643 

7 769462 

926 

791*453125 

508  791 

7984344 

05 

875-375 

562  741 

0-257*203 

9 75 

926*850375 

595-  837 

8-415541 

10* 

1000* 

042-057 

0*031103 

10’25 

1076' -890626 

09-2' 287 

0*046005 

10-6 

1167*626 

744  187 

9-061309 

1075 

1242*296875 

798  619 

9-279308 

11* 

1331* 

toJ'U] 

0*493609 
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Explanation  of  the  Table  of  Cast-iron  and  Wrought -iron  Gud- 
geons.— Column  I and  2 arc  the  same  as  those  calculated  for 
cast-iron  gudgeons.  Column  3 contains  numbers  in  the  pro- 
portion of  9 to  14  less  Ilian  those  in  column  2.  Column  4 con- 
tains the  eubc  root  of  column  3,  or  the  diameters  of  wiought- 
iron  gudgeons,  having  the  same  strength  as  those  of  cast-iron 
in  column  1. 

Use  of  the  Table. — Example.  To  find  the  diameter  of  a 
wrought- iron  gudgeon  of  the  same  strength  w ith  one  of  cast- 
iron  of  3 inches  diameter.  Look  on  the  1st  column  for  3,  and 
on  the  same  line  in  the  4th  column  will  he  found  2*571282,  that 

is,  a little  more  than  2J  inches,  the  diameter  required  of  the 
wrought-iron  gudgeon.  The  numbers  ip  the  3d  column,  being 
the  cube  of  those  in  the  4th,  another  use  may  be  made  of  this 
part  of  the  tabic.  For,  supposing  the  4th  column  to  represent 
cast-iron  gudgeons,  the  3d  column  will  represent  the  hundred 
weights  which  east  iron  gudgeons  of  those  diameters  should 
sustain. 

GUIACUM,  or  Giunci’M,  is  a gum  resin,  extracted  from  a 
West  Indian  tree  called  the  guaiacum  officinale.  A part  is  solu- 
ble in  water,  the  rest  in  alcohol.  It  is  used  in  syphilis,  and 
other  complaints  ; chiefly  in  rlu  umatism,  dissolved  i:i  ammonia. 

GUILD,  or  Gild,  a fraternity  or  company.  Among  the 
Saxons  the  law  enacted,  tlmtcveiy  freeman  of  14  years  of  age 
should  find  securities  to  keep  the  peace,  or  he  committed  : 
upon  which  the  neighbours  entered  into  an  association,  and 
became  bound  for  each  other,  cither  to  produce  him  who  com- 
mitted any  oflcncc,  or  to  Hike > n t i s fat*  ( i * > n to  the  injured  party, 
in  order  to  which  they  raised  a sum  among  themselves,  which 
they  pul  into  a common  stock.  These  guilds  arc  now  compa- 
nies, with  laws  and  orders  made  by  themselves,  by  the  license 
of  the  prince. 

GUINEA,  a gold  coin  strurk  in  England.  The  pound  w eight 
troy  of  gold  is  cut  into  44  parts  ami  a half,  and  each  part  makes 
a guinea,  which  is  therefore  equal  to  A lb.  or  gjoz.  or  6 dwls. 

GUITAR,  or  Gcitarha,  a musical  instrument  with  five 
double  rows  of  string*,  of  which  those  that  arc  bass  arc  in 
thn  middle. 

GUM, a thick  transparent  tasteless  fluid,  that  exudes  from 
certain  species  of  trees.  It  is  adhesive,  and  gradually  hardens 
without  losing  its  transparency.  Gum  is  chiefly  obtained  from 
different  species  of  the  mimosa,  particularly  M.  Nilotica.  a 
native  of  Egypt  and  Arabia,  which  is  known  by  the  name  of 
gum  arabic.  The  specific  gravity  of  gum  is  about  1.4.  It  is 
not  changed  by  exposure  to  the  air,  but  is  deprived  of  its  colour 
by  the  action  of  the  sun.  By  heat  it  becomes  soft,  and  is  spee- 
dily reduced  to  the  state  of  charcoal,  which  enters  largely  into 
its  composition.  The  constituent  parts  of  gum  are  carbon,  hy- 
drogen, and  oxygen,  with  smaller  proportions  of  nitrogen 
and  lime.  Tho  oxygen  is  much  less  in  quantity  than  the  sac- 
charine matter. 

Gum  readily  dissolves  in  water,  and  the  solution,  which  is 
thick  and  adhesive,  is  known  by  the  name  of  mucilage.  It  is 
soluble  also  in  the  vegetable  acids.  Sulphuric  acid  decomposes 

it,  and  converts  it  into  water,  acelicacid,  and  charcoal.  With 
the  assistance  of  heat,  muriatic  acid  and  nitr  ic  acid  produce  a 
similar  effect.  It  is  insoluble  in  alcohol  and  ether.  Such  arc 
the  chief  properties  of  gum  arabic. — There  are,  besides  this, 
other  gums,  of  which  the  principal  is  denominated  trngacanth, 
from  the  astragalus  tragacanlha,  a native  of  the  island  of  Crete, 
which  is  in  the  form  of  vermicular  masses;  it  is  less  transpa- 
rent and  more  adhesive  than  gum  arabic.  In  our  gardens  and 
orchards,  wc  find  gum  exuding  from  the  cherry  and  plum 
trees,  which  differs  chiefly  from  gum  arabic  in  being  softer  and 
more  soluble.  Gum  in  a state  of  mucilage  exists  in  the  roots 
and  leaves  of  a number  of  plants.  It  is  most  abundant  in  bul- 
bous roots,  and  of  these  the  hyacinth  seems  to  contain  the 
largest  <ymnlity.  A pound  of  the  bulbs  of  this  root,  when 
dried,  yields  four  ounces  of  a powder,  which,  when  macerated 
in  water,  gives  a mucilage  that  acts  well  as  a mordant  for 

| fixing  the  colours  in  calico  printing.  Gum  is  used  in  medicine, 
and  is  considered  ns  n specific  against  the  strangury  occasion- 
ed by  blisters;  it  constitutes,  under  particular  forms,  a nutri- 
tious food,  and  it  is  an  important  article  in  tbe  manufacture 
of  ink. 
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Gt  m Retint,  are  certain  substances  that  hnvc  been  used  in  r 
medicine.  They  are  ail  solid,  generally  brittle  and  opaque, 
have  a strong  smell,  and  a pungent  and  bitter  taste.  They 
consist  chiefly  of  gum  and  rosin,  the  proportions  varying  witii 
the  particular  substance.  They  are  procured  by  wounding  the 
plants  which  contain  them.  The  principal  of  the  gum  resins 
are.  1.  Ammoniac.  2.  Asafrrtidn.  .3.  KupliorLiuiu.  4.  Gal- 
hanum.  5.  Gamboge.  6.  Myrrh.  7-  Oppoponax.  8.  Sapn- 
genum,  supposed  to  be  had  from  the  ferula  persiea.  All 
the  gum  resins  which  have  been  analyzed  have  been  found  to 
contain  ammonia. 

GUN,  called  by  the  gencrnl  name  of  Cannon,  (see  that  arti- 
cle.) and  distinguished  by  the  epithet  ‘ great  gun’  from  the  small 
guns,  firelock*,  muskets,  blunderbusses,  he.  See  the  Plate  of 

Gun*. 

A truly  fortified  great  iron  gun  ought  to  measure  eleven  dia- 
meters of  the  bore  at  the  circumference  of  the  base  ring,  nine 
diameters  at  the  trunnions,  and  seven  at  the  circumference  of 
the  muzzle  ring. 

A truly  fortified  great  brass  gun  should  measure  two  diame- 
ters less  at  ench  place  of  measurement  than  the  iron  gun  ; 
that  is  to  say,  nine  diameters  of  the  bore  at  the  circumference 
of  the  base  ring  ; seven  at  the  truunioris,  and  five  at  the  muzzlo 
ring. 

Irt  order  to  discover  when  n gun  quadrates  or  hangs  well  in 
the  carriage.it  ought  to  measure  in  length  seven  times  her  ow  n 
diameter  nt  the  vent ; the  trunnions  ought  to  be  placed  at  the 
distance  of  three  diameters  from  the  base  ring;  then  there  will 
remain  four  diameters  in  distance  from  the  muzzle. 

Id  order  to  discover  whether  the  carriage  is  proper,  and  of 
due  length  for  the  gun,  it  ought  to  be  five-eighths  the  length  of 
the  gun,  and  then  the  eye  will  easily  discover  if  it  be  wide 
enough,  and  high  enough,  or  too  high. 

To  dispart  a gun.  in  order  to  take  proper  aim  at  the  given 
object,  insert  n priming  wire  into  the  vent,  and  let  it  touch 
the  lower  part  of  the  metal  of  the  bore  ; mark  the  wire  close  to 
the  vent,  take  it  out,  and  rest  it  on  the  lower  metal  of  the  rose 
at  the  muzzle,  and  the  distance  between  the  muzzle-ring  and 
marked  part  of  the  wire  is  the  height  of  the  dispart. 

In  order  to  find  the  thickness  of  the  metal  at  the  vent,  trun- 
nions, and  muzzle,  take  the  diameter  of  the  gun  at  the  vent,  and 

lay  it  down  thus ! , which  will  express  the  diameter; 

then  insert  n priming  wire  into  tho  vent,  and  let  it  rest  on  the 
lower  metal ; maik  it  close  to  the  vent,  and,  taking  it  out,  lay 

the  mark  on  the  line  of  the  diameter,  thus  : | f ■ J . 

Crook  then  the  end  of  the  wire  a little,  that  it  may  enter  the 
vent.  and.  inserting  it  a second  time,  turn  it  round  till  it  catch- 
es the  upper  metal  of  the  bore ; then  mark  it  again  close  to  the 
vent,  set  off  the  dislance  on  the  same  line  of  the  diameter,  and 
mark  how  far  it  reaches  from  the  end  of  the  line,  thus; 

ABA 

I I- I; 1 

Then  will  A and  A represent  the  thickness  of  the  metal,  and 
B the  bore  of  the  gun  ; and  if  the  portions  A.  A of  the  line  are 
equal  to  each  other,  the  thickness  of  the  metal  is  equal,  and,  of 
course,  the  gun  centrally  bored.  Girt  then  the  gun  at  tho  trun- 
nions with  waxed  twine,  and  if  it  measures  nine  diameters  of 
the  bore,  the  gun  is  so  far  truly  fortified.  Observing  the  same 
operation  at  the  muzzle,  where  it  is  to  measure  seven  diame- 
ters, the  process  is  complete. 

In  order  to  discover  whether  a gun  is  truly  bored,  take  a 
spare  sponge-staff,  and  fix  on  it  a rammer-head,  strike  a chalk- 
line  on  it,  from  one  end  to  the  other,  and  put  it  into  the  gun  a? 
far  as  it  will  go,  keeping  the  ebalk  line  uppermost,  and  exactly 
in  the  centre  ; then  prick  down  the  vent  with  a priming  wire, 
and  if  you  find,  on  taking  out  the  rammer,  you  have  pricked 
into  the  chalk-line,  you  may  reasonably  conclude  the  guu 
is  truly  bored ; but  if  you  miss  the  chalk  line,  that  it  is  not. 

In  order  to  discover  when  a gun  is  houey-roinbed,  take  a 
spring  searcher  with  five  prongs  and  a reliever:  muzzle  the 
searcher,  and  ram  it  home  in  the  gun ; take  off  the  reliever,  and 
keep  turning  the  searcher  backwards  and  forwards  ; you  will 
easily  discover  whether  it  catches  ; when  it  docs,  mark  the 
staff  close  to  the  muzzle  ; then  turn  the  searcher  again  as  be- 
fore, and  whenever  it  catches  again,  mark  the  staff  as  in  the 


former  instance  ; so  that  by  lining  the  slaff  when  drawn  out 
on  the  outside  of  the  gun,  you  may  nearly  judge  where  the 
honey -combs  arc. 

In  order  to  discover  the  depth  of  the  honey-conibs,  take  a 
searcher  with  one  prong  nnd  a reliever:  arm  the  end  of  the 
prong  with  wax.  then  tnm  it  home  in  the  gun  : take  off  the  re- 
liever, mid  turn  the  searcher  till  it  catches  ; then  will  the  im- 
pression made  in  the  wax  shew  the  shape  and  depth  of  the 
honey-comb. 

If  the  honey -comb  on  either  side  or  on  the  lower  metal 
between  the  breech  and  the  reinforce  ring  is  three- truths  of  an 
inch  deep,  the  gun  is  to  be  condemned ; if  on  the  upper  metal, 
four-tenths ; if  on  any  part  without  or  beyond  the  reinforce 
ring,  five-tenths  are  sufficient 

N.  B.  A most  ingenious  instrument,  invented  by  the  late 
General  Desaguliers,  and  since  brought  to  the  greatest  perfec- 
tion, has  totally  superseded  the  use  of  this  contrivance.  All 
guns  intended  for  sen  service  arc  now  previously  examined  by 
proper  officers  belonging  to  the  ordunnee  board,  who.  by  means 
of  this  instrument,  being  able  to  ascertain  with  the  greatest 
precision  the  state  and  defects  of  any  pun,  niter  a very  short 
examination,  of  course  reject  all  those  which,  either  from  natu- 
ral defect  or  subsequent  injury,  appear  untit  for  his  majesty's 
service. 

To  discover  whether  a gun  is  sound  or  cracked,  strike  a 
smart  blow  ou  it  with  a hammer : if  it  rings  clear,  it  may  be  eon- 
eluded  the  gun  is  sound  ; if  it  jars,  or  emits  a hoar  * sound,  it 
is  most  probable  the  gun  is  cracked.  Or  the  follow  ing  method 
may  be  taken:  stop  the  vent,  and  take  a piece  of  touchwood; 
put  it  Into  the  gun,  and  stop  the  muzzle  securely  ; let  the 
touchwood  remain  in  the  gun  four  or  five  minutes : if  the  gun 
is  cracked,  the  touchwood  will  burn  out;  if  the  gun  is  sound, 
it  will  be  extinguished. 

In  fitting  a shot  to  a gun,  divide  the  diameter  of  the  bore 
into  twenty  equal  parts,  and  ibo  diameter  of  the  shot  ought  to 
be  nineteen  ot  those  parts. 

With  respect  to  the  proper  proportion  of  powder,  eighteen- 
pounders  and  all  inferior  calibers  require  half  the  weight  of 
the  shot ; for  all  above,  there  are  certain  rules  to  find  the  proper 
proportion  by- 

In  order  m secure  a gun,  if  it  break  loose,  cut  down  the  ham- 
mocks, trip  the  gun,  nnd  lasli  it  to  the  ring-bolts  of  the  side  till 
fine  weather.  To  clear  it  when  a bit  is  broken  in  it,  draw  the 
gun,  and  sprinkle  powder  with  a ladle  from  the  breech  to  the 
muzzle  ; this  done,  drive  in  a tight  lompion  with  a small  score 
in  it,  and  blow  the  gun  off. 

If  a shot  has  fetched  way  in  the  gun,  in  order  to  secure  it, 
damp  the  pow  der  or  split  the  tompion  : then  insert  a rope 
sponge  of  a small  size,  and  drive  the  wad  home. 

If  in  luading  the  gun  the  shot  slicks  by  the  way,  and  if.  in 
firing  it,  il  splits,  and  you  cannot  draw  the  gun;  in  order  to 
free  it,  the  powder  must  he  damped,  and  while  that  is  soaking 
so  iie  powder  must  be  mealed,  and  the  gun  primed,  getting  a» 
much  powder  down  the  touch-hole  as  possible;  then  the  guu 
must  be  fired  of)'. 

When  a ship  is  going  to  sea  immediately,  the  articles  which 
should  lie  ready  for  action  are,  the  powder  filled,  the  pAwder- 
horns  and  partridge  or  grape  shot  between  the  guns,  hmnmered 
shot  in  the  buckets,  crown  and  hand-crows,  levers  at  the  guns  ; 
nets  and  cheeses  of  wads  fore  and  aft ; the  match-tubs  in  iheir 
proper  places,  the  matches  ready,  the  lockers  full  of  shot,  the 
spate  tackles  and  breechings  ready,  wet  swabs  at  the  door  of 
the  magazine  and  heads  of  the  ladders ; the  boxes  of  hand-gre- 
nades ready  for  the  lops. 

The  thickness  of  the  mrtalof  a gun  at  the  vent  should  be  one 
diameter  and  a quarter  of  the  bore  : in  an  engagement,  there 
should  be  one  irnin  to  every  five  hundred  weight  of  metal. 

The  pointing  of  a gun,  so  as  to  strike  distant  objects,  de- 
pends on  two  things,  rrz,  t.  Tracing  on  the  outside  of  the  piece 
a visual  line  parallel  to  the  axis,  which  is  called  disparting, 
and  is  performed  by  takiug  half  the  difference  of  the  diameters 
of  the  muzzle  and  base-ring  and  setting  it  perpendicularly  on 
the  muzzle-ring  directly  over  the  centre:  for  then  a line  which 
passes  from  that  point  in  the  base-ring,  will,  when  the  piece  is 
truly  bored,  be  parallel  to  its  axis-  2.  The  other  operation  it 
the  determining  the  allowance  to  be  made  in  distant  shot  for 
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the  incurvation  of  the  flight  of  llie  bullet ; this  is  greater  or  less 
(catrris  paribus)  according  to  the  different  charges  or  powder 
made  use  of. 

N-  B.  The  foregoing  principles,  remarks.  See.  arc  applicable 
chiefly  to  marine  artillery,  or  sea  batteries;  the  details  to  be 
found  under  the  words  Cannon,  Cannonade,  See.  will  be  read 
to  advantage,  in  conjunction  with  the  foregoing  and  succeed- 
ing articles. 

The  Morning  Gun,  a gun  fired  by  an  admiral  or  commodore 
ut  Hay-break  every  morning. 

The  Evening  Gun,  one  fired  by  the  above  at  nine  o’clock  in 
summer  and  eight  o'clock  in  winter,  every  night. 

Gun  Hont,  a boat  fitted  to  carry  one  or  more  cannon  in  the 
bow,  so  as  to  cannonade  an  enemy  while  she  is  advancing 
towards  him : they  arc  principally  useful  in  fine  weather, 
smooth  water,  and  shallow  ground,  to  cover  the  landing  of 
troops,  or  on  such  occasions. 

GUNNER  of  a Skip  of  an  officer  appointed  to  take  charge 
of  the  ammunition  and  artillery  aboard,  to  keep  the  latter  pro- 
perty fitted  and  in  order,  and  to  teach  the  sailors  the  exercise 
of  the  cannon. 

Gunner's  Matt , a petty  officer  appointed  to  assist  the  gun- 
ner 

Percussion  Gun.  See  Percussion.  It  lias  been  proposed  to 
ignite  great  guns  and  hand-grenades  by  means  of  percussion 
raps,  and  there  can  be  no  doubt  of  the  practicability  of  this 
design  ; but  as  we  have  not  vet  rccrivcd  any  certified  accounts 
of  actual  experiment  on  this  application  of  the  principle  of 
percussion,  we  shall  do  no  more  than  touch  upon  the  subject, 
till  we  come  to  the  word  PF.ncussiox. 

Quarter  GUNNERS,  men  placed  under  the  direction  of  the  gun- 
ner to  perform  any  work  relating  to  the  cannon,  &c.  which  he 
may  command  : their  number  is  always  proportioned  to  the 
number  of  the  ship's  artillery,  one  quarter-gunuer  being  allow- 
ed to  every  four  guns. 

Gt'x  Room,  an  apartment  on  the  after  end  of  the  lower  gun- 
Heck,  of  large  ships  of  war,  partly  occupied  bv  the  gunner,  but 
in  frigates  and  smaller  vessels,  where  it  is  below,  it  is  used  by 
the  lieutenants  as  a mess  room. 

Gun  Shot,  implies  the  distance  of  the  point-blank  range  of  a 
cannon  shot ; a ship  is  therefore  said  to  be  within  gun-shot 
when  she  is  within  that  distance. 

Gun  Tackles,  are  pulleys  affixed  to  each  side  of  the  carriage ; 
their  use  is  to  run  the  gun  out  of  the  port,  or  to  secure  it  when 
at  sea. 

GUNNERY,  the  art  of  charging,  directing,  and  exploding 
all  kind*  of  fire-arms,  though  the  term  is  more  commonly 
restricted  to  the  larger  pieces  of  oidnnncc,  as  cannons,  mor- 
tars, &c. 

To  this  art  belongs  the  know  ledge  of  the  force  and  effect  of 
gunpowder,  the  dimension  of  the  pieces,  and  the  proportions  of 
the  powder  and  ball  they  carry,  with  the  methods  of  adjusting, 
pointing,  spunging,  Ike.  Gunnery  may  be  therefore  divided 
into  theoretical  and  practical,  which  equally  belong  to  a work 
of  this  description.  Theoretical  gunnery  consists  in  com- 
puting the  angles  of  elevation,  the  impetus  of  projection,  the 
range  of  the  ball,  &c.  front  certain  data  previously  established; 
we  may  also  consider  those  experiments  which  have  been 
made  with  a view  to  ascertain  the  velocity  of  projection  with 
given  charges,  the  resistance  of  the  air.  the  deflection  of  lim 
ball  or  of  the  gun.  Ate.  as  forming  a part  of  theoretical  gunnery. 
Hut  the  best  introduction  we  can  offer  to  the  practical  rules  of 
gunnery,  will  be  a general  view  of  the  Parabolic  Theory  of  the 
motion  of  projectiles  in  tamo:  that  is,  of  the  mathematical 
principles  by  which  the  several  circumstances  relative  to  their 
motion  might  be  determined,  if  their  progress  was  not  impeded 
or  disturbed  by  the  air. 

Parabolic  Theory  of  Gunnery. — The  motion  of  a falling  body 
is  uniformly  accelerated,  ana  that  of  a body  thrown  straight 
upward  is  uniformly  retarded.  A falling  body  acquires  an 
increase  of  32|  feet  per  second  in  every  scoond  of  its  fall,  and 
an  ascending  body  has  its  velocity  lessened  as  much  during 
every  second  of  its  rise. 

The  space  described  dnring  any  portion  of  time  by  a motion 
uniformly  accelerated  from  rest,  is  one  half  of  the  space  uni- 
formly described  in  the  same  time  with  the  final  velocity  of  the 


acccle  nted  motion  ; and  the  spaces  described  from  the  begin- 
ning of  the  motion  are  as  the  squares  of  the  times. 

When  a body  is  projected  in  any  direction  not  perpendicular 
to  the  horizon,  it  will  describe  a parabola,  of  which  the  axis  is 
perpendicular  to  the  horizon. 

Let  the  body  be  projected  from  the  point  A (fig.  1,)  in  the 
direction  AL,  with  the  velocity  which  a heavy  body  would 
Fig.  I.  acquire  by  falling  freely  through 

the  space  C A ; the  body,  by  the 
continual  action  of  gravity,  will 
be  continually  deflected  from 
the  line  A L,  and  will  dcsciibe 
the  parabolic  curve  AV  B.  of 
which  the  vertical  line  C A F is 
a diameter,  A the  vertex  of  this 
diameter,  and  A L a tangent  at 
A. 

Through  V,  B.  any  two  points 
of  the  curve,  draw  V K,  B L, 
parallel  to  C A,  meeting  A I.  in 
K and  L;  and  draw  YF,  JIG. 
parallel  to  A L,  meeting  C A 
produced  in  F and  G.  Then 
let  K V,  L B,  he  the  spaces 
through  which  the  body  would 
descend  by  its  gravity  in  the 
same  times  in  which  it  would 
uniformly  pass  over  the  corre- 
sponding .-paces  A K,  A L,  by 
the  projectile  motion;  it  is  plain, 
from  the  composition  of  mo- 
tions, that  the  body  would  nr- 
rivc  at  the  point*  V,  U,  of  th** 
curve  in  the  same  time  that  it 
u mild  have  uniformly  described 
A K,  AL,  with  the  velocity  of 
the  projection,  or  that  it  would  hare  fallen  through  AF,  A G. 
But  because  the  motion  along  A Lis  uniform,  A K is  to  A L, 
as  the  time  of  describing  AK  to  the  time  of  describing 
A L.  And  because  the  motion  throngli  A G is  uniformly 
accelerated,  A F is  to  AG  as  the  square  of  the  time  of  de- 
scribing AF  to  the  square  of  (lie  time  of  describing  AG; 
that  Is.  as  A K’  to  A L*.  or  as  V F»  to  B G*.  Consequently 
the  curve  is  such  that  the  abscisses  A F,  A G,  arc  as  the 
squares  of  the  corresponding  ordinates  Y F,  II  G ; (hat  is.  the 
curve  is  a parabola,  and  A L,  parallel  to  the  ordinates,  is  a tan- 
gent at  the  point  A. 

If  a body  be  projected  from  any  point  A (fig.  I,)  in  any  direc- 
tion A L,  with  the  velocity  acquired  by  falling  from  C;  the 
horizontal  line  C E,  drawn  through  the  point  C,  is  the  directrix 
of  the  parabola  described  by  the  body, 

Take  AF  = CA.  then  the  time  of  falling  through  AF  is 
equal  to  the  time  of  falling  through  C A ; hut  A K is  described 
with  the  velocity  acquired  by  falling  through  C A,  and  there- 
fore AK  = 2CA.  and  VF  = 2AF;  consequently  1*^=: 
4AF*Zt4AFx  A F = 4 C A X AF;  but  in  a parabola,  the 
square  of  any  ordinate,  as  V F,  is  equal  to  the  rectangle  of  the 
coi  responding  absciss  A F,  and  the  parameter  of  that  diameter; 
therefore  4 C A is  the  parameter  of  the  diameter  A G,  and  since 
C A is  J of  the  parameter.  C E is  therefore  the  directrix  of  the 
parabola  described  by  the  body  projected  from  A,  with  the 
velocity  acquired  by  falling  from  C. 

Hence,  since  this  is  true  for  any  other  point  of  the  curve,  the 
velocity  of  the  projeclila  in  any  point  of  its  path  is  the  same 
that  it  would  have  acquired  by  falling  freely  front  the  height  of 
the  directrix  to  that  point. 

The  times  of  describing  the  different  arcs  A V,  A V B,  are 
evidently  as  the  parts  AK,  A L,  of  the  tangent,  or  as  the 
corresponding  parts  C D,  C B,  of  the  directrix  ; therefore  the 
motion  estimated  horizontally  is  uniform. 

We  shall  now  briefly  apply  these  principles  to  the  construc- 
tion and  solution  of  the  leading  problems  in  gunnery. 

The  velocity  produced  bj  the  explosion  of  a quantity  of  gun- 
powder, is,  in  the  preceding  theory,  conceived  to  be  produced 
by  a full  from  a certain  height,  by  the  proportion  of  which  its 
quantity  can  be  accurately  determined. 
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The  height  C A.  (fig.  2.)  for  producing  the  velocity  of  pro- 
jection, is  called  the  Impetus. 

The  distance  A It.  between  the  piece  of  ordnance  and  iho 
object,  it  called  the  Amplitude  or  Mange. 

The  anglo  contained  between  the  direction  of  the  mortar  and 
the  horizontal  plane,  is  called  the  angle  of  Elevation. 

Problem  \.—  k shell  is  proposed  to  be  thrown  from  the  point 
A,  with  the  velocity  acquired  by  falling  through  C A,  in  order 
to  hit  the  object  B;  the  direction  A I)  of  the  projection  is 
required.  (Fig.  2.) 

Take  AZz  4 C A,  and  on  Fig.  2. 

A Z describe  an  arc  of  a circle 
containing  an  angle  equal  to 
DBA  (Euclid,  iii.  33);  draw 
the  vertical  line  B D d,  cutting 
the  circle  in  D and  d.  and  join 
ZD,  Z d,  and  A D,  Ad;  then 
either  A D or  A d is  the  direc- 
tion required.  For,  produce 
C A downward,  and  draw  UP 
parallel  to  A 1),  because  A U 
touches  the  circle  in  A.  and 
A Z cuts  it.  the  angle  A D Z it 
equal  to  the  angle  ZAO  zz 
DBA,  and  the  alternate  angles 
Z A D,  A I)  H arc  equal ; the 
triangles  Z A 1>,  A 1)  B,  arc 
therefore  equal,  whence  B D 
: D A : : DA  : A Z,  conse- 
quently DA’  — UDx  AZor 
U V'j=  AFxAZ=AKx 
4 AC.  Therefore  a parabola, 
of  which  A P is  a diameter, 
and  A Z its  parameter,  will 
pass  through  U,  and  conse- 
quently a shell  projected  from 
A,  in  the  direction  A D,  with 
the  velocity  acquired  l>y  falling 
through  C A,  will  describe  the 
parabola  A v B,  and  hit  thcobjcct  B. 

By  similar  reasoning,  it  may  he  shewn,  that  the  shell,  if  pro- 
jected with  the  same  velocity,  in  the  direction  A d , will  describe 
the  parabola  AVB,  and  therefore  also  hit  the  object  B. 

Cur . 1.  When  the  vertical  line  through  B cult  the  circle,  it 
always  cuts  it  in  two  points  D and  d,  either  of  which  will 
answer  the  conditions  of  the  problem. 

Cor.  2.  When  the  vertical  line  through  b only  touches  the 
circle,  there  is  but  one  dircctiou  Arf,  in  which  the  body  can  ho 
projected  to  hit  the  object  b ; this  direction  evidently  bisects 
the  angle  Z AB,  and  from  it  the  directions  AD,  A d,  arc  equi- 
distant; also  A b is  the  greatest  range. 

Problem  2. — A shell  is  proposed  to  be  projected  from  tbo 
point  A,  in  the  direction  A L>,  with  the  velocity  acquired  by 
falling  through  C A ; the  distance  to  which  it  will  reach  on  the 
line  A 11  is  required.  (Fig.  2.) 

Take  AZr  4CA,  and  describe  the  arc  Z D A cutting  A D 
in  I> ; through  D draw  tbo  line  B I)  parallel  to  A Z,  cutting 
A B in  B.  Then  B is  the  point  to  which  the  shell  will  reach. 
The  proof  is  evident  from  problem  1. 

Problem  3. — A shell  is  proposed  to  be  projected  from  the 
point  A,  in  the  direction  A D,  in  order  to  hit  the  object  B ; the 
velocity  with  which  it  most  he  projected  is  required.  (Fig.  2.) 

Draw  the  vertical  line  B D,  meeting  the  direction  in  D ; draw 
A Z parallel  to  B D,  and  equal  to  A D*  -j-  D 11,  and  take  C A 
— i AZ;  then  C A is  the  fall  which  will  generate  the  velocity 
required.  The  proof  of  this  is  also  evident. 

From  these  constructions,  numerical  solutions  are  easily 
deduced.  Thus, 

Theorem  1.  When  the  line  A B is  horizontal. 

1.  The  arc  Z D A is  a semicircle,  and  the  greatest  horizontal 
range  A b is  — O A,  the  radios  of  the  circle,  -'2CA;  and  the 
direction  Arf*  is  z:  45°. 

2.  The  ranges  with  different  directions  arc  proportional  to 
the  sines  of  twice  the  angles  of  elevation.  For  draw  D C,  O, 
perpendicularly  to  Z A,  and  join  O l>;  then  O rf  — A b,  and 


CD  = A B.  But  <fO  is  tho  sine  of  the  angle  A O #P,  which  is 
— 2 the  £ t?A  B,  and  C D is  the  /_  A O D,  which  is  zz  *2  the 
L A Z D “ 2 the  £_  DAB;  and  this  is  true  of  all  other 
elevations. 

3.  When  the  direction  is  the  same,  the  ranges  with  different 
velocities  arc  proportional  to  the  squares  of  the  vclorilies. 
For  the  figures  being  similar,  the  ranges  are  as  lhcfnll*.  and 
the  falls  as  the  squares  of  the  velocities  acquired  by  falling. 

4 The  height  to  which  the  projectile  riess  above  the  horizon- 
tal plane  is  as  the  square  of  the  sine  of  elevation.  For  v M is 
= and  C A is  = 1 Z \.  and  Z A : DB(=  U A)  : : 

Z A1  ; AD*:;  rad*  : sin*  A i l>  (=  1)  A B) ; therefore  C A : 
e M : : rad*  : sin*  elevation ; and  v M : V M ; ; siu*  DAB: 
sin*  rfAB. 

6.  The  times  of  the  flights  are  as  the  sines  of  the  elevation. 
For  the  velocities  in  the  directions  A D,  A d , being  the  name, 
the  times  of  describing  A I),  Arf.  uniformly,  (which  arc  the 
same  as  the  times  of  describing  the  parabolas  A r 11,  A V II.) 
will  he  as  A D,  Ad,  that  is,  as  the  sines  of  tho  angles  A Z D, 
AZ  «/,  which  are  equal  to  the  angles  D A B,  d A B. 

Again,  the  time  of  the  llight  is  the  same  ns  that  of  falling 
through  DBj  if  then  DB  he  computed  in  feet,  the  time  will 
evidently  he  zz  tf  (D  B -f*  16)  nearly,  1 v/  DU  =r  \ J 
(r  x tan  E);  when  r deuotes  the  range,  and  K the  elevation. 
When  K zz  46°,  then  d b zz  b A zz  r;  whence  the  time  is  zz 
W r. 

Theorem  II.  When  the  line  A B is  not  horizontal. 

Since  the  angles  D B A.  A D Z,  are  equal,  it  is  evident,  that 
when  the  object  B is  on  an  inclined  plane,  the  arc  ZD  A is  less 
or  greater  than  a semicircle,  according  as  the  plane  is  ascend- 
ing or  descending.  It  is  also  plain,  that  A B : BD  ::  S.Z  A D 
(=  ADD):  S.D  A B.  and  B D : DA::  S I)  A 11  : S.A  B D ; 
also.  D A : A Z : : S.A  DZ(=ABD);  therefore  A B : A Z 

: S,Z  A D x S.A  Z D : sin1  A II  D,  whence  A 11  — ( A Z x 
S,Z  A I)  x S.A  Z D)  -r-  sin1  A B I).  Now,  if  we  put  a = the 
inclination  of  the  plane,  d zz  the  elevation  of  the  mortar  above 
the  plane,  r rr  the  elevation  above  the  horizon,  rzz  AB  the 
range,  and  / =r  C A the  impetus,  then,  by  substitution,  the 
above  theorem  will  become  r “ 4/  x rosin  e X liz  d x see9 
a;  whence  f zz  Jr  x sec  e X cosec  d X rosin  *«  ; also,  the 
time  of  the  (light  w ill  be  sec  a,  sinrf.  2 >/  (/  1GJ)  zz.  seen, 
sin.  d.  \ s/  f*  nearly. 

The  reader  will  observe,  that  in  the  preceding  reasonings, 
no  notice  has  been  taken  of  the  effects  of  the  resistance  of  the 
air  on  the  motion  of  projectiles.  Now.  as  this  is  very  consi- 
derable, especially  when  they  arc  discharged  with  great  velo- 
city, the  theory  requires  to  be  modelled  and  corrected  by 
experimental  investigations,  before  it  can  be  applied  in  prac- 
tice. There  ore  indeed  some  cases,  such  as  in  the  throw  ing  of 
shells,  when  the  velocity  does  not  exceed  400  feet  per  second, 
in  which  the  results  by  the  theory  do  not  differ  much  from  the 
truth.  But  when  ihc  velocity  is  great.  Hie  resistance  of  the  air 
occasions  a diminution  of  motion  so  prodigious,  as  to  render 
the  theory,  without  the  aid  of  data  derived  flora  experiment,  of 
very  little  use.  Thus,  a muskct-ball,  discharged  with  the 
ordinary  nllotment  of  powder,  issues  from  the  piece  with  tbc 
velocity  of  1670  feet  per  second.  At  the  elevation  of  43°,  it 
should  therefore  range  16  miles,  whereas  it  does  not  range 
above  half  a mile.  Thus  also,  a 24  lb.  ball,  discharged  with 
16  lbs.  of  powder,  which  should  range  about  1G  miles,  docs  not 
range  3 miles. 

Again,  the  path  of  a projectile,  w hen  the  velocity  is  great,  is 
not  parabolical,  but  is  much  less  incurvated  in  the  ascending 
than  in  Ihc  descending  branch:  the  greatest  range  therefore  is 
not  made  with  an  elevation  of  43°  ns  in  vacuo,  but  with  an  eleva- 
tion lower,  as  tho  first  velocity  is  greater.  Thus  it  is  found, 
that  although  the  larger  shells  with  small  velocities  range 
farthest  when  projected  at  an  elevation  of  about  43°.  yet  tbo 
smaller  shells  with  great  velocities  range  farthest  at  an  eleva- 
tion not  much  above  30°. 

These  instances  sufficiently  shew,  that  snrh  rules  as  arc 
deduced  from  theory  alone,  without  the  atf  of  experiment, 
arc  unfit  for  directing  practice. 

Practical  buNnoy. — Of  Projeetiuns  made  on  the  Horizontal 
Plane.— Prob  1.  To  find  the  velocity  of  any  shot  or  shell. — 
Rule.  Divide  double  of  the  weight  of  the  charge  of  powder  by 
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the  weight  of  the  shot,  both  in  lbs.  Then  if  the  snuarc  root  of 
the  quotient  he  multiplied  by  1600,  the  product  w ill  be  the  velo- 
city, or  the  number  of  feet  llic  shot  passes  over  in  a second. 

Or  say.  As  the  square  root  of  the  weight  of  the  shot  is  to  the 
square  root  of  douldo  the  weight  of  pow  der,  so  is  1G00  feel  to 
the  first  velocity  of  the  shot. 

Ex.  With  what  velocity  will  a 13-inch  shell,  weighing  196  lbs. 
be  discharged  by  D lbs.  of  powder. 

fa  x 1600  = 486  feet  per  second,  nearly.  Ans. 

Or  thus.  */  190  : <*/  Id  : ; 100O : 485  feel,  nearly. 

Prob.  2.  To  find  the  terminal  velocity  of  a ball  or  shell ; that 
is,  the  greatest  velocity  it  can  acquire  by  descending  through 
the  air,  by  its  own  weight. 

Rule.  For  balls,  the  terminal  velocity  is  found  by  multiplying 
the  square  root  of  the  diameter  of  the  hall  in  inches  by  175  5; 
and  for  shells,  by  multiplying  the  square  root  of  the  diameter  of 
the  shell  in  inches  by  147*3. 

Ex,  What  is  the  terminal  velocity  of  a 2 lbs.  iron  ball,  its 
diameter  being  2*45  inches. 

175*6  v/  2 45—  176  5 x 1*50524  = 271,099  feet.  Amt. 

Prob.  3.  To  find  the  height  from  which  a body  must  fall,  in 
vacuo,  in  order  to  acquire  a given  velocity. 

Rule.  Since  the  spaces  descended  by  falling  bodies  are  as 
the  square  of  the  velocities,  and  a fall  of  IGA  feet,  or  193  inches, 
produces  a velocity  of  32)  feet  or  386  inches,  thereJure  386*; 
the  square  of  the  given  velocity  in  inches ::  193 : height  re- 
quired in  inches.  Or.  omitting  the  fractions,  if  the  square  of 
the  given  velocity  in  feet  be  divided  by  64,  Ibe  quotient  will  be 
the  height  required  in  feet  nearly. 

Ex.  From  what  height  must  a body  descend,  in  order  to 
acquire  the  velocity  of  1670  feet  per  second. 

1670*—  64  ”43676  feet.  Ans. 

Prob.  4.  To  find  the  greatest  range  of  a hall  or  shell:  and 
the  elevation  of  the  piece  to  prodnee  that  range. 

Rule.  Divide  the  given  initial  velocity  by  the  terminal  velo- 
city of  the  ball  or  shell,  and  find  the  quotient  in  the  first  column  , 
of  the  following  table;  against  which,  in  the  second  column, 
will  be  found  the  elevation  to  give  the  greatest  ranee  ; and  the 
corresponding  number  in  rhe  third  column,  multiplied  by  the 
height  producing  (he  terminal  velocity,  will  give  the  greatest 
range  nearly. 

Elevations  yinsy  the  Greatest  f?r»ye. 


Iniltal  v.le- 
cuy 

by 

velocity. 

Elevation. 

I!/ 

"i  >>y 
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ritV  ill  nl.  i| 
by  IVTOlIttkl 
trlucitv. 

FIviatioo. 
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div-'i"i  by 
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0*691 

o 

44 

0*3914 

2 9726 

O 

37 

14 

1 2346 

09446 

43 

16 

0*585 

3 ’226 

36 

30 

*2*32*3 

1*198 

42 

30 

0*7787 

3*4795 

35 

45 

2 522 

1*4516 

41 

45 

0 9724 

3-733 

35 

2*7157 

1-705 

41 

11001 

3*0865 

31 

15 

2*9004 

1 *9585 

40 

16 

1*3598 

424 

33 

30 

3 1031 

2 212 

30 

30 

1 6536 

4*4935 

32 

45 

3*2968 

24656 

38 

45 

1*7472 

4747 

32 

:!■  KKiA 

2*719 

38 

1 9109 

6* 

31 

15 

3*6842 

Ex.  What  is  the  greatest  range  of  n 34  lb.  iron  ball,  when 
discharged  with  a velocity  of  1640  feet,  and  the  elevation  to 
produce  that  range,  tbe  diameter  of  the  ball  being  6 6 inches? 

176*5  s/  5*6  = 415=  the  tctminal  velocity. 

416*  t*  64  = 2691  rr  the  height  producing  that  veloc  ity. 

1640  415  = 3 95,  which  nearly  corresponds  to  34°  16' 

r=  the  elevniion  required. 

The  range  in  the  third  column  against  34Q*  16'  is  2 9094,  and 
2 9004  x 2691  = 7829  feet  = the  greatest  range,  nearly. 

Prob.  6.  The  range  of  any  one  elevation  being  given,  to  find 
the  range  of  any  other  elevation,  and  the  converse.  - Rib.  As 
the  sine  of  twice  the  first  elevation  is  to  the  sine  of  tw  ice  the 
second,  so  is  the  range  at  the  former  to  that  at  the  latter,  the 
velocity  being  the  same  in  both  eases. 

Prob.  8.  The  range  of  one  charge  bring  given,  to  find  the 
range  for  another  charge,  or  the  charge  for  another  range. — 
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Rule  The  ranges  at  the  same  elevation  are  nearly  proportional 
to  the  charges. 

Ex.  If,  at  an  elevniion  of  45°,  with  a charge  of  9 lbs.  of  pow- 
der, a shell  range  4000  feet,  wbat  charge,  at  the  same  eleva- 
tion, will  bo  required  to  throw  it  3000  feet  ? 

4000  ; 3000  : : 9 : 6]  lbs.  Ans. 

Prob.  7.  The  range  and  elevation  being  given,  to  find  the 
time  of  the  flight. — Rule.  As  radius  is  to  the  tangent  of  eleva- 
tion, so  is  the  rango  in  feet,  to  tbo  square  of  4 times  the  num- 
ber uf  seconds  taken  up  in  the  flight,  nearly. 

When  the  elevation  is  46°,  then  I of  the  square  root  of  the 
range  in  feet  w ill  he  the  number  of  seconds  required,  nearly  - 

Ex.  In  wbat  time  will  a shell  range  3000  feet  at  an  eleva- 
tion of  35°>  Rad;  Tan  35°  : : 3000  : 2100  6 

i y/  2100*6  = II  45  seconds  nearly.  Ans. 

Prob.  R.  The  range  and  elevation  being  given;  to  find  tbe 
greatest  height  to  which  tho  shell  rises  above  tbe  horizontal 
plane.— Rule.  As  radius  is  to  the  tangent  of  elevation,  so  is  { 
of  the  range  to  the  height  required. 

Ex.  A shell,  when  discharged  at  an  elevation  of  40°,  ranges 
3000  feet ; what  is  its  greatest  height  during  the  flight  ? 

Rad  : Tan  40°  : : 750  : 629  feet.  Ans. 

Prob.  9.  The  range  and  elevation  being  given  ; to  find  the 
impetus.—  Rule.  As  the  sine  of  twice  the  elevation  is  to  the 
radius,  so  is  half  the  range  to  the  impetus. 

£>.  With  what  impetus  must  a shell  be  discharged  at  an 
elevation  of  35°  to  strike  an  object  at  the  distance  of  3180 
feet!  Sin  70°  : Rad  ; ; 1500  : 1629  feel.  Ans. 

Of  Projreli/es  win  tie  on  bn  I nr  It  uni  Plane. — Prob.  10.  The  in- 
clination of  the  plane,  and  the  impetus  and  elevation  of  the 
piece  being  given,  to  find  the  range.—  Rule.  Add  together 
twice  tbe  log.  secant  of  the  plane’s  inclination,  the  log.  sine  of 
the  elevation  above  the  plane,  the  log.  eo-sinc  of  the  elevation 
above  the  horizon,  and  the  log.  of  four  times  the  impetus , 
then  will  the  sum  be  tbe  log.  of  Ibe  range. 

Ex.  How  far  will  a shot  range  on  a plane  which  ascends  10°, 
and  on  auothcr  which  descends  10®,  the  impetus  bciug  2900 
feet,  and  the  elevation  of  the  piece  32°  3<y  ? 

The  elevation  above  the  plane,  in  the  first  case,  is  22°  30', 
and  in  the  second  42°  30'. 


Ilf,  For  the  ascending  plans.  |j  2 dig.  For  the  descending  plane. 


10° 

. . 2 sec 

. . 0*013297 

1 Hi® 

, . . 2 sec 

. . 0 013*297 

2*2°  30'  . . 

. . sin  . . 

. . 9 682840! 

22°  30'  . . 

. . sin  . . 

. . 9 8296*3 

32°  SO*1  . . 

. . cosin 

. . 9*926029 1 

3*2°  30*  . . 

. . cosln 

. . 9 9260*29 

6000  .... 

..  log... 

..  3 903090- 

8000  .... 

..  log... 

..  3 903090 

Range 

2062  feet 

= 3*425256 1 

Range  ~ 

4700  f»i 

= 367*2099 

Prob.  II.  The  inclination  of  the  plane,  the  range  and  eleva- 
tion being  given,  to  find  the  impetus. — Rule.  Add  together 
twice  the  log.  eo-sino  of  the  plane’s  inclination,  the  log.  co- 
secant of  the  elevation  above  the  plane,  tho  log.  secant  of  the 
elevation  above  the  horizon,  and  the  log.  of  I of  the  range; 
then  w ill  the  sum  be  the  log.  of  the  impetus. 

With  what  impetus  must  a shell  be  discharged  to  strike  au 
object  at  the  distance  of  2662  feet  on  an  incliucd  plane  which 
ascends  10*.  the  elevation  of  the  mortar  being  32°  36' ? 

Plane’s  inclination 10° 2 cos  . . 10*980703 

Elevation  above  the  plane  . . 22°  30*. . cosec  . . 0-4171G0 

Elevation  above  the  horizon. . 32°  301. . sec 0*073971 

\ of  the  range 665*5. . . . log.  .. . 2*8231 18 


Impetus  ~ 2000  feet,  nearly  ~ 3*300982 
GUNPOWDER,  a chemical  mixture  of  nitre,  charcoal,  and 
sulphur,  for  the  purpose  of  producing  an  explosive  force  by 
combustion,  and  thus  communicating  to  guns  of  every  caliber 
a prodigious  power  of  projection.  The  first  person  who  is 
said  to  have  been  acquainted  with  the  nature  and  effects  of  a 
combination  of  these  three  materials  in  a certain  proportion  to 
each  other  was  Roger  Bacon.  In  his  treatise  “ De  Sccretis 
Opcribus  Artis  ct  Naturae  el  do  Nullitate  Magise,”  cap.  vi. 
published  at  Oxford  about  l‘2IG,  he  informs  us.  that  from  salt- 
petre and  other  ingredients,  we  arc  able  to  muke  a fire  that 
shall  burn  at  any  distance  we  please,  which  “ other  ingre- 
dients,” it  appears  from  some  of  bis  other  manuscripts,  were 
sulphur  and  charcoal.  It  was  not.  however,  for  a considerable 
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time  after  this  date  that  gunpowder  became  generally  known  ; 
indeed  it  is  very  difficult,  amongst  the  various  contradictory 
accounts,  to  aflix  any  precise  date  to  this  invention.  Robins, 
in  his  “ Gunnery,"  considers  it  as  known  before  the  time  of 
Bacon,  and  that  this  philosopher  mentions  it  not  as  a new  dis- 
covery, but  as  the  application  of  an  old  principle  to  military 
purposes,  in  which  it  had  not  been  before  employed.  The  pro- 
portions of  the  above  ingredients,  according  to  the  best  modern 
practice,  is  as  follows ; viz.  76  parts  of  nitre  or  saltpetre,  16  of 
charcoal,  and  10  of  sulphur.  The  specific  gravity  of  which 
composition,  at  a mean,  ns  slated  by  Count  Kumford,  is  about 
0*868,  that  of  water  being  1. 

The  method  of  ascertaining  the  strength  of  gunpowder  is  by 
a machine  called  an  eprouvette,  of  which  there  arc  various 
constructions  ; hut  it  commonly  consists  of  a small  strung 
barrel,  in  which  a determinate  quantity  of  the  powder  is  fired, 
and  the  force  of  expansion  is  measured  by  the  action  excited 
on  a strong  spring  or  a great  weight.  Another  method  often 
adopted,  is  to  tire  a very  heavy  hall  from  a short  mortar  with  a 
given  weight  of  the  powder,  and  to  find  the  range  of  projection. 
The  French  eprouvette  for  government  powder  is  a mortar  of 
seven  inches  (French)  in  caiiher,  which  with  three  ounces  of 
powder  should  throw  a cupper  globe  of  sixty  pounds  weight  to 
lire  distance  of  300  feet.  No  powder  is  admitted  which  does 
not  answer  this  trial.  Both  these  methods  have  been  objected 
to : the  former  because  the  spring  is  moved  by  the  instantane- 
ous stroke  of  the  flame,  and  not  by  its  continued  pressure, 
which  is  somewhat  different;  and  the  other  on  account  of  the 
tediousness  attending  its  use,  when  a large  number  of  barrels 
of  powder  arc  to  he  tried.  Another  method,  which  unites 
accuracy  with  despatch,  is  to  suspend  a small  cannon  as  a 
pendulum,  to  fire  with  powder  only,  and  to  judge  of  the  force  of 
explosion  by  that  of  the  recoil,  which  in  this  circumstance  is  a 
greater  or  less  arc  of  a circle.  That  which  Dr.  Hutton  em- 
ployed on  this  principle,  was  a small  cannon  about  one  inch  in 
the  bore,  the  charge  of  which  is  two  ounces  of  powder. 

The  cause  of  the  explosive  force  of  fired  gunpowder  has 
been  much  investigated ; hut  it  is  now  generally  allowed  to  be 
chiefly  owing  to  the  sudden  generation  of  a quantity  of  gas  or 
elastic  vapour.  To  determine  the  elasticity  and  quantity  ol 
this  clastic  vapour,  produced  from  a given  quantity  of  powder, 
Mr.  Robins  premises,  that  its  elasticity  is  equally  increased  by 
heat  and  diminished  by  cold,  as  that  of  common  air,  (which  is 
confirmed  by  Dr.  Hutton's  late  experiments:)  and  conse- 
quently its  weight  is  the  same  w ith  the  weight  of  an  equal  bulk 
of  air  at  the  same  elasticity  and  temperature.  Hence,  and 
front  direct  experiments,  he  concludes,  that  the  clastic  fluid 
produced  by  the  firing  of  gunpowder  is  nearly  three-tenths  of 
the  weight  of  the  powder  itself,  which,  expanded  to  the  rarity 
of  common  uir,  is  about  244  times  the  bulk  of  the  powder. 
Hence  it  would  follow,  that  the  mere  conversion  of  confined 
powder  into  elastic  vapour,  would  exert  ngainst  the  sides  of 
the  containing  vessel  an  expansive  force  214  times  greater 
than  tho  elasticity  of  common  air,  or,  in  other  words,  than  the 
pressure  of  the  atmosphere.  But  to  this  is  to  be  superadded 
all  the  increase  of  expansive  power  produced  by  the  heat 
generated,  which  is  certainly  very  intense,  though  its  exact 
degree  cannot  be  ascertained.  Supposing  it  to  he  equal  to  the 
full  heat  of  red-hot  iron.  Ibis  would  increase  the  expansion  of 
common  air  (and  also  of  all  gases)  about  four  times,  which  in 
the  present  instance  would  increase  the  244  to  nearly  1000;  so 
that  in  a general  way  it  may  ho  assumed,  that  the  expansive 
force  of  closely  confined  powder  at  the  instant  of  firing  is  1000 
times  greater  than  the  pressure  of  common  air:  and  this  latter 
is  known  to  press  with  the  weight  of  fourteen  pounds  and  a 
quarter  on  every  inch  ; the  force  of  explosion  of  gunpowder  is 
1000  times  this,  or  14760  pounds,  or  about  six  tons  and  a half 
on  every  sauare  inch.  This  enormous  force,  however,  is 
diminished  in  proportion  as  the  clastic  fluid  dilates,  being 
only  half  the  strength  when  it  occupies  a double  space,  one- 
third  of  the  strength  when  in  a triple  space,  and  so  on. 

Mr.  Robins  found  that  the  strength  of  powder  is  the  same 
in  all  variations  of  the  density  of  the  atmosphere,  but  not  so 
in  every  state  of  moisture,  being  much  impaired  by  a damp 
air,  or  with  powder,  which  is  become  damp  with  careless  keep- 
ing, or  any  other  cause  ; so  that  the  same  powder  which  will 


discharge  a bullet  at  the  rate  of  1700  feet  in  a second  in  dry 
air,  will  only  propel  it  at  the  rate  of  1 *200  feet  when  the  air  is 
fully  moist;  and  a similar  difference  holds  between  dr}  and 
moist  powder.  Gunpowder  is  reckoned  to  explode  at  about 
6000  of  Fahrenheit's  thermometer,  but  if  heated  to  a degree 
just  below  that  of  faint  redness,  the  sulphur  will  mostly  burn 
olf,  leaving  the  charcoal  unaltered. 

Wsghlman,  u gun-nmker  at  Malton,  in  Yorkshire,  says, 
the  only  certain  way  of  computing  the  charge  of  powder  for  a 
fowling-piece  is  by  weight,  aud  not  by  the  space  it  occupies  in 
the  barrel ; and  also  the  quality  of  the  barrel  should  he  ex- 
pressed. for  a dilTerence  in  expansion  makes  adifferrncc  in  the 
quantity  required  for  a charge : for  instance,  the  Damascus 
and  common  barrels,  on  account  of  their  less  expansibility 
than  the  twisted  barrels,  shoot  equally  strong  with  the  latter 
when  the  charge  of  powder  is  reduced  four  grains  ; for  it  must 
be  obvious  to  every  one.  that  the  shot  could  not  he  dislodged 
with  equal  force  when  the  sides  of  the  barrel  yield  to  the  sud- 
den expansion  of  the  exploded  powder ; and  here  1 may  add. 
that  the  shot  travels  with  a much  greater  velocity  than  the 
rarefaction  that  moved  it,  which  shews  tlmt  the  shot  receives 
no  accumulation  of  force  bv  the  quantity  of  powder  which  is 
put  into  the  barrel,  more  than  what  is  lited  in  the  first  instant, 
as  the  shot  is  propelled  by  the  first  rush  of  the  air  on  the  com- 
bustion of  the  powder. 

The  accompanying  scale,  he  adds,  is  the  result  of  trials  made 
on  several  hundred  guns 

Barrels  are  not  so  much  distressed  by  firing  halls,  if  the 
bore  is  cylindrical:  the  shot  having  » tendency  to  occupy  a 
greater  space,  and  therefore  pressing  hard  against  the  sides  of 
the  barrel.  In  proof  of  this,  the  barrels  of  the  guns  used  with 
shot  are  soon  ttarieH,  ow  ing  to  the  friction  of  the  shot ; hut  this 
is  not  the  case  when  halls  are  used.  The  greatest  objection, 
however,  to  the  use  of  barrels  of  fowling-pieces  for  hall  shoot- 
ing  is,  that  they  arc  seldom  sufficiently  strong  in  the  fore-end 
to  prevent  a vibratory  motion,  in  which  case  the  ball  is  thrown 
without  any  degree  of  precision.  A ball  of  19  to  the  pound 
exactly  lit*  n 6 Hths  bore,  but  a hall  of  20  (o  the  lb.  encircled  in 
a thin  piece  of  leather,  is  preferable. 

The  Damascus  barrels  are  decidedly  superior  to  the  stubs 
twisted,  or  any  other ; the  metal  being  stronger  in  texture, 
uniting  better  in  welding,  having  little  or  no  recoil,  requiring  a 
less  charge  of  powder,  and  being  more  beautiful  to  the  view. 

The  percussion- lock  lias  every  advantage  over  the  flint-lock, 
namely,  there  is  a less  liability  of  accident  by  it,  not  being 
necessary  to  prime  before  loading,  and  the  cock  may  be  always 
kept  on  the  cap  except  at  the  moment  offiring,  which  prevents 
the  gun  going  otf  nt  half  cock ; and  if  the  gun  is  brought 
home  loaded,  by  taking  olf  the  nap  (which  is  the  priming)  there 
is  no  danger  of  its  being  fired  by  the  foolishness  of  servants  or 
others  ; and  it  is  a fact,  known  to  every  observer  of  the  per- 
cussion-gun, that  they  kill  at  ten  yards  farther  than  a flint-gun, 
and  that  about  one-quarter  less  powder  is  used  fur  a charge, 
owing  to  the  complete  and  instantaneous  combustion  of  the 
whole  charge  of  powder;  and  that  there  is  no  loss  of  force 
through  the  tonch-hole,  as  in  the  llint-gnns  ; and  also,  that  they 
receive  the  additional  strength  of  the  priming. 
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To  Prove  Ganpoio.'er. — There  arc  scve:nl  ways  of  doing  Ibis. 
1.  By  sight ; thus  if  tube  loo  black,  il  is  a sigu  that  it  is  moist, 
or  else  that  it  has  too  much  charcoal  in  it;  so  also  if  rubbed 
upon  white  paper  it  blackeu*  it  inoie  than  good  powder  does  ; 
but  if  it  be  of  a kind  of  azure  colour,  .lomeu  hat  inclining  to  ' 
red.  it  is  a sign  of  good  powder.  2.  By  touching ; for  if  in 
crushing  it  with  the  lingers’  ends,  the  grains  break  easily  and 
turn  into  dust,  without  feeling  hard,  it  has  notion  much  coal 
in  it:  or  if.  iu  pressing  it  under  the  fingers  upon  a smooth  hard 
board,  some  grains  feel  harder  than  the  rest,  it  is  a sign  the 
sulphur  is  not  well  mixed  with  the  nitre.  By  firing  a small 
heap  of  it  on  a clean  board,  and  attending  nicely  to  the  (lame 
and  smoke  it  produces,  and  to  the  mark  it  leaves  behind  on 
the  board. —There  arc  other  contrivances  made  use  of,  such  as 
powder  triers,  acting  by  a spring,  commonly  sold  at  the  shops, 
as  the  epmuvetic. 

To  Jleeorer  datuai/td  Powder.—  Put  pari  of  the  powder  on  a 
sail-cloth,  to  which  add  an  equal  weight  of  what  is  good: 
then  mingle  it  well  together,  dry  it  in  the  sun,  and  barrel  it  up, 
keeping  it  in  a dry  and  proper  place.  If  it  be  very  bad,  re- 
store il  by  moistening  it  with  vinegar,  water,  urine,  or  brandy, 
then  beat  it  tine,  sift  it,  and  to  every  pound  add  an  ounce, 
or  an  oanre  and  a half,  or  two  ounces  ( according  as  it  is  de- 
cayed ) oT  mcltod  nitre,  and  afterwards  these  iugredient*  are 
to  be  moistened  and  well  mixed.  But  the  operation  of  beat- 
ing, or  any  species  of  friction,  is  extremely  hazardous,  and 
though  we  relate  the  method,  we  do  not  recommend  the  prac- 
tice of  ibis  experiment. 

Gispowulr  and  Combustibles.  The  laws  respecting  the 
manufacture  and  sale  of  these  may  be  briefly  expressed-  No 
person  shall  make  gunpowder  but  in  the  regular  manufacto- 
ries established  at  the  time  of  making  the  statute  12  George 
III.  c.  01,  or  licensed  by  the  sessions.  Only  forty  pounds  of 
powder  is  to  be  made  at  one  time  under  one  pair  of  stones.  Not 
it. ore  th  in  forty  hundred  weight  to  be  dried  at  one  time  in  one 
stove.  Not  more  than  twenty-five  barrels  to  be  carried  in  any 
land  carriage,  not  more  than  two  hundred  barrels  by  water, 
unless  by  sea  or  coastwise,  each  barrel  not  to  contain  more 
than  one  hundred  pounds.  No  dealer  to  keep  more  than  two 
huudred  pounds  of  powder,  nor  any  person,  not  a dealer,  more 
than  fifty  pounds  in  the  cities  of  London  and  Westminster,  or 
within  tone  miles  thereof,  or  within  any  other  city,  borough, 
or  market-town,  or  one  mile  thereof,  or  wiildn  two  miles  of  the 
king’s  palaces  or  magazines,  or  half  a mile  of  any  parish 
church,  on  pain  of  forfeiture,  and  two  shillings  per  pound,  ex- 
cept in  licensed  mills,  or  to  the  amount  of  three  hundred 
pounds  for  the  use  of  collieries,  within  two  hundred  yards  of 
them. 

GUNTER,  Edmund.  an  excellent  English  mathematician, 
who  Itouri.dird  in  the  reign  of  James  I.  and  distinguished  him- 
self by  his  inventions,  which  have  never  yet  been  superseded, 
though  some  of  them  have  been  subsequently  much  improved. 

Gunter’*  Chain,  the  chain  in  common  use  for  measuring  land 
according  to  the  true  or  statute  measure;  so  called  from  the 
name  of  iu  inventor,  The  length  of  the  chaiu  is  fifl  feet,  or 
22  yards,  or  four  poles  of  five  yards  and  a half  etch  ; and  it  is 
divided  into  IU4)  links  of  7 92  inches  each  ; 100,000  square  links 
make  one  acre. 

Gunter's  Line,  a logarithmic  line  usually  graduated  upon 
scales,  sectors,  Ike. 

It  is  also  called  the  Line  of  Lines  and  Line  of  Susnbers, 
being  only  the  logarithms  graduated  upon  a ruler,  which 
therefore  serves  to  solve  problem*  instrumcutally,  in  the  same 
manner  as  logarithms  do  it  arithmetic  dly  . It  is  usually  divi- 
ded into  a hundred  parts,  every  tenth  of  which  is  numbered, 
beginning  with  1,  and  endiug  with  IU;  so  that  if  the  first  great 
division,  marked  1.  stand  for  one-tenth  of  any  integer,  the 
next  division,  marked  2,  will  stand  for  two  tenths  ; 3,  three- 
tetulis,  and  so  on  ; and  the  intermediate  division  will  in  like 
manner  represent  onc-hundrcth  parts  of  tin  integer.  If  each  of 
the  great  divisions  represent  10  integers,  then  will  the  lesser 
divisions  stand  far  integers ; and  if  the  great  divisions  be  spii- 
posed  each  100,  the  subdivisions  will  be  each  10. 

Ute  of  Gunter' 9 Line . — 1.  To  find  the  product  of  two  numbers. 
From  I extend  the  compass  to  the  multiplier;  and  the  same 
extent,  applied  the  same  way  from  the  multiplicand,  will  reach 


to  the  product.— 'Thus  if  the  product  of  4 and  8 be  required, 
extend  the  compasses  from  I to  4 ; and  that  extent  laid  from  8 
the  same  way,  will  reach  to  32,  their  product, 

2-  To  divide  one  number  by  another-— The  extent  from  the  di- 
visor to  unity  will  reach  Irons  the  dividend  to  the  quotient ; 
thus,  to  divide  36  by  4,  extend  tbo  compasses  from  4 to  1, 
and  the  same  extent  will  reach  from  36  to  0,  the  quotient 
sought. 

3.  To  find  a fourth  proportional  to  three  ffiren  numbers. — Sup- 
pose the  numbers  0,8,11:  extend  the  compasses  from  0 to  8;  ami 
this  extent,  laid  from  0 the  same  way,  will  reach  to  12,  the 
fourth  proportional  required. 

4.  To  find  a mean  proportional  between  any  two  ffiren  number,, 
—Suppose  8 and  32:  extend  the  compasses  from  h,  in  the  left- 
hand  part  of  the  line,  to  32  in  the  right;  then  bisecting  this 
distance,  its  half  will  reach  from  8 forw  nrd,  or  from  32  back- 
ward, to  16.  the  mean  proportional  sought. 

5.  To  extract  the  square  root  of  n number. — Suppose  26 : 
bisect  the  distance  between  I on  ihc  scale  and  the  point 
representing  26;  then  half  of  this  distance,  set  off  from  1,  will 
give  the  point  representing  the  root  5.  Iu  the  same  manner, 
the  cube  root,  or  that  of  any  higher  power,  may  be  found  by 
dividing  the  distance  on  the  line,  between  I and  the  givcu 
number,  iuto  as  many  equal  parts  as  the  index  of  the  power 
expresses;  then  one  of  those  parts  set  from  I,  will  find  the 
point  representing  the  root  required. 

Gunter’s  Quadrant,  is  a quadrant  made  of  wood,  brass,  or 
some  other  substance  ; being  a kind  of  slercographio  projec- 
tion on  the  plane  of  the  equinoctial,  the  eye  bring  supposed  in 
one  of  the  poles  ; so  that  the  tropir,  ecliptic,  and  horizon 
form  the  arches  of  circles,  hot  the  hour  circles  ore  other  curves 
drawn  by  means  of  several  altitudes  of  the  sun  for  some  par  ti- 
tular latitude  every  year. 

This  instrument  is  used  to  find  the  hour  of  the  day,  the  sun's 
azimuth,  &c.  and  other  common  problems  of  (he  sphere  or 
globe ; a*  also  to  take  the  altitude  of  an  object  in  degrees. 

Ouster's  Seale,  usually  called  by  seamen,  the  Gunter,  is  a 
large  plain  scale,  having  various  lines  upon  it,  of  great  use  in 
woiking  the  eases  or  questions  in  navigation.  This  scale  is 
usually  two  feet  long,  and  about  an  inch  ami  a half  broad, 
w ith  various  lines  upon  it  both  natural  and  logarithmic,  relat- 
ing to  trigonometry,  navigation,  &c.  On  the  one  side  are  the 
natural  lines,  and  on  the  other  the  artificial  or  logarithm" 
ones.  The  former  side  is  first  divided  Into  inches  and  tenths, 
and  numbered  from  one  to  twenty-four  inches,  running  the 
whole  length  near  one  edge.  One  half  of  the  length  of  this 
side  consists  of  two  plane  diagonal  scales,  for  taking  off  dimen- 
sions for  three  places  of  figures.  On  the  other  hall  of  thiv  side- 
are  contained  various  lines  relating  to  trigonometry,  as  per- 
formed by  natural  numbers,  and  marked  thus  ; viz. 

Rhumb,  the  rhumbs,  or  points  of  the  compass ; 

Chord,  the  line  of  chords  ; 

Sine,  the  line  of  sines  ; 

Tang.,  the  tangents ; 

S.  T.,  the  semi-tangents  ; and  at  the  other  end  of  thin 
half  are, 

Leag.,  leagues,  or  equal  parts  ; 

Rhumb,  another  line  of  rhumbs. 

M.  L-,  miles  of  longitude. 

Char.,  auolher  line  of  chords. 

Also  in  the  middle  of  this  foot  are  L and  P,  two  other  lines 
of  equal  parts : aud  all  these  lines  on  this  side  of  the  scale 
serve  for  drawing  or  laying  down  the  figures  to  the  rases  in 
trigonometry  and  navigation.  On  the  other  side  of  (he  scale 
arc  the  following  artificial  or  logarithmic  lines,  which  serve 
for  working  or  resolving  those  cases  ; vis. 

8.  R„  the  sine  rhumbs ; I V,  S.,  the  versed  sines  ; 

T.  R„  (he  tangeut  rhumbs  ; > Tang.,  (be  tangents ; 

Numb.,  lino  of  numbers  ; MerL,  meridional  parts  ; 

Sine,  sines  ; 1 E.  P.,  equal  parts. 

GUNWALE,  or  Gunnel  op  a Ship,  is  that  piece  of  timber 
which  reaches  on  either  side  of  the  ship,  from  the  half  deck  to 
the  fore-castle,  being  the  uppermost  bend,  which  finishes  the 
upper  works  of  the  bull  in  that  part,  and  wherein  they  put  lilt- 
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stanchions  which  support  the  waist-trees.  This  is  called  the 
gunwale,  whether  there  he  guns  in  the  ship  or  not  The  lower 
part  of  any  port,  where  any  ordnance  arc,  is  also  termed  the 
gunwale. 

GUST,  a sudden  and  violent  squall  of  wind,  bursting  from 
the  hills  upon  the  sea,  so  as  to  endanger  the  shipping  near  the 
shore.  These  are  peculiar  to  some  coasts,  as  those  of  South 
Barbary  and  Guinea. 

GUT,  in  the  West  India  islands,  particularly  in  the  island  of 
Christopher's,  or  St.  Kitt's,  is  a terra  for  the  opening  of  a river 
or  brook,  such  river  or  brook  also  being  often  so  called. 

Gl'TTA  Serena,  a disease  in  which  the  patient,  without 
any  apparent  fault  in  the  eye,  is  entirely  deprived  of  sight. 

(Jl  TTER-Lldge,  a cross  bar  laid  along  the  middle  of  a 
large  hatchway  in  some  vessels,  to  support  the  covers,  and 
enable  them  the  better  to  sustain  any  weighty  body  which  may 
be  laid  on  them. 

Gutters,  in  Architecture,  a kind  of  canals  in  the  roofs  of 
houses,  serving  to  receive  and  carry  off  the  rain. 

GUTTURAL,  a term  applied  to  letters  or  sounds  pronounced 
or  formed  as  it  were  in  the  throat. 

GUY,  a rope  used  to  keep  steady  any  weighty  body  from 
bearing  or  falling  against  the  ship's  side  while  it  is  hoisting  or 
lowering,  particularly  when  the  ship  is  shaken  by  a tempes- 
tuous sea. 

Guy,  is  also  the  name  of  a tackle,  used  to  confine  a boom 
forward  when  a vessel  is  going  large,  and  to  prevent  the  sail 
from  gybing  by  any  accidental  change  of  the  wind  or  course, 
which  would  endanger  the  springing  of  the  boom,  or  perhaps 
the  upsetting  of  the  vessel. 

Guy,  is  likewise  a large  slack  rope,  extending  fioni  the 
.read  of  tins  main-mast  to  the  head  of  the  fore-mast,  ami  having 
two  or  three  large  blocks  fastened  to  it;  it  is  used  to  sustain 
a tackle  to  load  or  unload  a ship  with,  ami  is  accordingly 
removed  as  soon  as  that  operation  is  finished. 

GYBING,  the  art  of  shifting  any  boom-sail  from  one  side  of 
the  vessel  to  the  other.  In  order  to  understand  tins  operation 
more  clearly,  it  is  necessary  to  remark,  that  by  a boom-sail  is 
meant  any  sail  whose  bottom  is  extended  by  a boom,  the  fore- 
end  of  which  is  hooked  to  its  respective  mast,  so  as  to  swing 
occasionally  on  either  side  of  the  vessel,  describing  an  arch,  of 
w hich  the  mast  will  be  the  centre.  As  the  wind  or  the  course 
changes,  it  also  becomes  frequently  necessary  to  change  the 
position  of  the  boom,  together  with  its  sail,  which  is  accord* 
ingly  shifted  to  the  other  side  of  the  vessel,  as  a door  turns 
upon  its  binges.  The  boom  is  pushed  out  by  the  effort  of  the 
wind  upon  the  sail,  and  is  kept  in  a proper  situation  by  a 
strong  tackle  communicating  with  the  vessel's  stem,  and  called 
tho  sheet.  It  is  also  confined  on  the  forepart  by  another  tackle 
called  the  guy. 

GYMNASIA,  in  ancient  Greece,  were  edifices  consisting  of 
n great  many  separate  parts  or  buildings  for  the  accommoda- 
tion of  professors  of  the  sciences  or  arts,  and  their  hearers  or 
pupils.  Vitruvius,  the  Roman  architect,  gives  the  plan  of  the 
area  of  a Grecian  Gymnasia,  which  the  reader  will  find  in  bis 
Architecture,  nr  in  Potter’s  Grecian  Antiquities,  vol.  i.  p.  45. 
Dunbar’s  edition.  The  parts  of  the  Gymnasia  were,  1st.  The 
porticos  or  side  buildings,  furnished  with  scats,  and  fit  for 
study  or  discourse,  where  the  scholars  probably  met.  2d. 
Thu  Ephcbcam,  where  the  youths  exercised,  or  in  which  they 
assembled  to  fix  on  their  sports  and  rewards.  3d.  The 
undressing  room.  4tb.  The  place  in  which  those  who  were  to 
wrestle,  or  who  had  bathed,  wero  anointed,  5th.  The  place 
where  the  dust  was  kept  for  besprinkling  those  who  had  been 
anointed.  6th.  The  Gymnasium,  or  place  of  wrestling.  7th. 
The  tennis  court,  or  ball  ground.  6th.  The  discus  and  leaping 
ground.  9th.  The  Xysta,  designed  for  the  exercises  of  the 
wrestlers  when  the  inclemency  of  the  weather  did  not  allow  of 
practice  in  the  open  air.  19th.  The  baths,  either  hot  or  cold, 
for  the  refreshment  of  the  combatants  after  their  labour  and 
toil.  At  Sparta,  where  nature  was  every  thing,  tho  sexes  had 
one  common  hath  ; hut  in  all  other  cities  of  Greece  Jherc  were 
distinct  baths  for  females.  1 1th.  Tho  stadium  was  the  place 
of  general  exercise  for  performers  and  audience;  and  being 
built  with  benches  rising  one  above  another,  allowed  vast 
multitudes  to  assemble  and  witness  the  national  pastimes. 


GYMNASTICS.  This  word,  derived  from  the  Greek,  com- 
prehends all  those  athletic  exercises  by  which  the  ancients 
rendered  the  body  pliant  and  healthy,  and  enabled  the  muscles 
to  do  their  offices  with  treble  effect. 

The  principal  exercises  we  here  notice,  as  belonging  to  the 
ancient  games,  were  leaping,  running,  throwing,  darting,  wrest- 
ling. boxing,  and  perhaps  su  imming. 

Sw  iftness  in  running  w as  one  of  the  most  excellent  endow- 
mniis  a man  could  hr  blessed  with,  as  is  plain  from  Homer's 
constant  character  of  the  swift-footed  Achilles.  Saul  and 
Jonathan  were 

" Swifter  than  raglra,  anil  stronger  Ilian  liona.'* 

The  ancient*  practised  leaping  with  oval  weights  placed 
upon  their  shoulder*,  or  carried  in  their  hands. 

The  rest  us  used  on  the  hands  in  boxing,  was  the  invention  of 
Amycus,  king  of  the  Behrycinns,  who  was  contemporary  with 
the  Argonauts,  according  to  Clemens  of  Alexandria. 

TIichiis  invented  the  art  of  wrestling,  in  which  the  antagonists 
had  their  bodies  anointed  with  oil.  In  addition  to  these,  ihe 
ancients  bad  horse,  chnriot,  and  navnl  races,  with  swimming 
and  diving,  upon  which  we  forbear  to  offrr  any  description, 
hut  proceed  nt  once  to  the  modern  Gymnastics,  framed  towards 
the  close  of  the  Inst  century  at  Sehnepfeuthal,  a small  town 
near  Gotha,  under  the  direction  of  Salzmnn,  and  subsequently 
improved,  augmented,  and  systematically  arranged  by  Gutz- 
ninth,  w ho  published  the  first  modern  treatise  on  the  subject  in 
1793.  Gutzmulh  not  only  attracted  attention  towards  the  im- 
portance of  a systematic  physical  education  ; but  in  Denmark, 
in  1603,  those  exercises  became  national,  inasmuch  as  3000 
young  men  were  then  practising  there.  Since  that  period,  the 
Danish  government  issued  an  order,  allotting  200  square  yards 
of  ground  to  every  public  school,  as  a Gymnasium.  In  1810 
Gutzmulh  established  his  Gymnastics  in  Prussia,  by  authority 
of  and  under  the  protection  of  the  government.  .M.  Jnhn,  who 
undertook  the  management  of  this  business  in  Berlin,  soon 
promulgated  Gymnastics  in  various  parts  of  Germany.  Gutz- 
muth  published,  in  1817,  a complete  system  of  Gymnastics,  and 
the  drawings,  figs  5,  6.  7,  and  H,  of  the  plate  on  Gy  mnastic, 
Exercises,  are  taken  from  **  A Military  Officer's"  abridgment 
of  Gutzmiith's  work. 

In  this  country  we  have  several  professors  of  Gymnastics  — of 
whom  it  will  only  be  necessary  to  quote  Capt.  Clias,  whose 
“ Elementary  Course  of  Gymnastic  Exercises,"  illustrated  by 
seventy  engravings,  is  nt  once  the  most  complete  and  sy  stema- 
tic display  of  the  physical  powers  of  man  that  we  have  ever 
seen.  In  the  sequel  of  this  article  we  shall  not  attempt  to  draw 
a parallel  between  the  abridgment  of  Gutzuiutli's  work  and 
that  of  Captain  Clias;  hut  from  both  publications  we  will  point 
out  the  exercises,  and  abstract  such  parts  of  their  instructions 
as  mny  serve  the  illustration  of  this  subject  in  our  own  work. 

In  the  division  of  Capl.  Clias’s  work,  the  whole  system  of 
Gymnastics  is  reduced  to  four  grand  divisions,- first,  us  appli- 
cable to  the  lower  extremities  of  the  body ; secondly,  as  belong- 
ing to  the  superior  extremities ; thirdly,  complicated  exercises, 
which  require  the  united  assistance  of  the  muscles  of  the  trunk 
and  limbs  ; and  fourthly,  swimming. 

Swimming  wc  reserve  till  wc  come  to  letter  S — at  tide 
Swimming. 

The  " Instructions"  by  the  " Military  Officer."  ns  reduced 
from  Gutzmulh**  hook,  and  taught  and  practised  in  Germany, 
are  the  following. 

Note. — The  plan  of  the  ground  for  exercise,  which  should 
always  be  designed  by  the  master. 

I.  Walking : Position  of  the  Body  lit  Walking.— Directions. 
The  position  of  the  body  must  he  upright  and  unconstrained  ; 
the  breast  thrown  well  forward,  and  square  to  the  front ; and  the 
stomach  drawn  in  a little,  but  not  so  much  ns  to  prevent  a free 
breathing.  The  shoulders  must  be  drawn  bark,  and  kept  at 
an  equal  height.  The  arms  must  have  a gentle,  but  perfectly 
free  and  natural  motion  by  the  side  of  the  body.  The  head 
should  he  very  upright,  but  without  any  stiffness  ; and  ought 
to  have  a free  motion  from  right  to  left,  or  upwards  and  down- 
wards, as  occasion  may  requite,  without  causing  any  material 
alteration  in  the  position  of  the  body.  The  knees  must  neither 
bend  too  much,  nor  appear  stiff.  The  4oes  must  be  turned  out 
so  as  to  form  about  half  a right  angle  with  the  direction-line  in 
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which  the  person  is  walking;  and  great  care  should  he  taken 
not  to  throw  them  upwards,  but  to  keep  the  sole  of  the  foot  at 
the  concluding  part  of  the  step,  nearly  parallel  with  the  ground. 
The  weight  of  the  body  should  rest  more  upon  the  halls  of  the 
Iocs  than  upon  the  heels;  by  which  means  the  whole  position 
is  rendered  lirm. 

II.  Running,  in  which  the  breast  must  be  thrown  well  for- 
ward,  and  kept  perfectly  free.  The  upper  parts  of  the  arms 
nrc  kept  almost  close  to  the  sides  of  the  body  ; the  clhows 
bent,  so  that  both  parts  of  the  arm  may  form,  at  this  place,  an 
acute  angle  ; for  the  arms  ought  only  to  move  to  and  fro  in  a 
very  trilling  degree,  in  order  Uiat  the  muscles  connected  with 
the  breast  may  remain,  as  much  as  possible,  at  rest.  At  every 
step  the  knees  arc  stretched  out,  and  the  tread  must  neither  he 
entirely  with  the  balls  of  the  tors,  since  this  would  affect  the 
calves  too  powerfully,  nor  yet  w ith  the  whole  sole  of  the  foot. 

Precautions. — Proceed  gradually,  as  in  all  exercise.  Choose 
a time  when  the  air  is  cool.  Take  oiT  your  coat  at  the  com- 
mencement of  the  exercise,  and  resume  it  the  iustanl  it  is  com- 
pleted. Let  the  breast  he  cither  quite  exposed,  or  very  thinly 
covered.  Wear  a very  light  covering  upon  the  head;  a straw 
hat  is  best.  The  teacher  should  observe  the  runners,  and  let 
each  re  a so  as  soon  as  a strong  perspiration  appears,  and  the 
breath  becomes  very  short. — With  these  precautions,  no  fear 
need  be  entertained  of  the  longest  run. 

Preparatory  Exercises.— \.  The  teacher  moves  forward  with 
his  young  pupils,  at  a moderate  running  pace,  for  five  minutes. 
AHer  they  have  frequently  run  over  the  ground,  in  this  stated 
time,  it  must  be  gradually  reduced  ; for  instance,  first  to  four, 
and  then  to  three  minutes. 

2.  Another  piece  of  ground  should  be  run  over,  at  a mode- 
rate pace,  during  ten  minutes,  which  time  must  also  be  gra- 
dually reduced  as  before. 

In  these  exercises,  the  teacher  must  not  reduce  the  stated 
times,  so  as  to  render  the  exercise  too  violent  for  the  weakest 
of  his  pupils.  He  should  also  pay  particular  attention  to  their 
relative  strength,  in  order  to  judge  w hich  of  them  arc  capable 
of  completing  the  more  diflieult  exercises. 

3.  In  order  to  practise  the  pupils 

in  turning,  the  teacher  should  form  j. 
a figure  upon  the  exercisr-gtound,  - 
similar  ' 

Ihrou; 
tatrd 
different 

to  be  taken  by  the  runners,  must  be 
frequently  changed  by  the  teacher. 

They  may  also  run  in  pairs,  thus:— Two,  of  nearly  equal 
strength,  start  together  at  a.  the  one  taking  the  direction  of 
a.  c,f,  to  d,  the  other,  that  of  a.  c,h:  lie  that  reaches  H first  is 
the  winner.  The  distance  from  f to  A.  should  be  about  fifty  feel, 
and  that  of«.  d,  about  twenty  five  feet. 

Running  is  divided  into  the  quick  run,  and  the  long  run, 
which  need  no  explanation:  the  only  faults  to  he  avoided  are, 
that  the  steps  be  neither  too  lung  nor  too  slow,  too  short  nor  too 
quick. 

III.  Leaping,  an  excellent  exercise  for  giving  strength  and 
agility  to  the  lower  members,  has,  as  its  preparatory  exercises, 
the  hop  walk,  the  hop  run.  hopping,  striking  of  the  lower  parts 
of  the  back  with  the  feet,  singly  or  doubly ; and  raising  the 
knees. 

Leaping  is  then  divided  into  the  high  leap  without  n run, 
the  high  leap  with  n run. — the  long  leap,  the  jump  with  the 
run,  spring,  and  descent, — the  deep  leap,  performed  cither  with 
or  without  the  ossistancr  of  the  bauds. 

IV.  Those  exercises  for  augmenting  the  muscular  powers  of 
the  body  and  limbs,  ns  performed  on  stands  by  Gulzinuth.  arc 
represented  in  figs.  0 and  7 of  the  plate  Gymnastics,  and  if 
possible,  they  should  he  under  cover,  that  the  learners  may  he 
sheltered  from  either  the  rain  or  sun. 

That  shewn  in  fig.  0,  is  about  five  feet  high,  two  feet  in  width, 
and  of  any  convenient  length;  the  upper  surface  of  the  bars 
a,  fc.r,  and  d.  is  rounded  off  so  as  to  be  more  easily  grasped  by  j 
the  hand.  The  other,  in  fig.  7.  consists  of  four  posts,  a.  A,  c,  d,  I 
of  which  b and  r are  about  fifteen  feet  distant  from  eacli  oihcr,  ; 
the  one  six,  and  the  other  seven  feet  high.  The  latter  support  i 
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a figure  upon  the  excrcisr-gtound,  a 

similar  to  theannexed  : — In  i uniting  //'  SV  /f  ^ 
through  this,  they  would  he  ncccssi-','/  j , Y J, 

tated  to  turn  the  body  suddenly  in  J ; / yV  JF 

different  directions.  The  direction 


a cross-piece,  e,/,  which  Is  six  inches  deep,  its  lower  side  three 
inches  wide,  and  it-s  upper  one  about  two;  altogether  it  is 
shaped  like  the  upper  part  of  the  rail  of  an  ordinary  staircase  ; 
7,  A,  and  i,  k,  arc  two  poles  made  of  fir.  eight  feet  long,  ami 
from  two  to  two  inches  and  a half  thick:  made  round  and 
smooth,  and  of  different  heights,  for  the  convenience  of  the. 
learners. 

Exercise  1.  The  learner  raises  himself  into  (he  position  shewn 
at  No.  I,  upon  the  stand  a,  b,  c,  d,  and  swings  his  legs  back- 
ward and  forward,  the  higher  the  better,  as  long  as  he  possibly 
can;  during  which  motion  his  feet  will  nearly  describo  tho 
semicircle  e,f,  q. 

2.  When  in  the  Inst  position,  the  learner  makes  a jump,  ns  it 
were,  w ith  his  hands  forward,  and  repeats  it  until  he  arrives  at 
the  end  of  the  stand  ; whence  he  commences  jumping  back- 
ward as  far  as  tho  other  extremity.  This,  and  the  preceding, 
are  two  excellent  exercises  for  strengthening  the  wrists. 

3.  The  learner,  after  bating  raised  himself  into  the  position 
required  in  Ex.  I , low  ers  his  body  so  as  to  bring  bis  head  nearly 
on  a level  with  Ids  clhows,  which  must  he  kept  exactly  over 
the  bars.  Sc c No.  2.  The  most  difficult  part  of  the  exercise 
follows  ; which  consists  in  raising  himself  again  into  his  former 
position.  This  exercise,  which  he  should  repeat  as  often  as 
possible,  is  perhaps  the  best  of  any  for  strengthening  the 
muscles  of  the  chest,  and  particularly  those  which  arc  con- 
nected with  the  shoulders. 

4.  As  many  of  the  learners  place  themselves  in  a row  under 
the  bar  e,f.  fig.  7,  as  can  find  convenient  room ; the  tallest  are 
nearest  to  the  end /.  The  others  who  are  not  ahh*  to  share  ill 
this  exercise,  help  their  companions  up.  so  that  they  may  seise 
the  bar  with  both  hands,  and  then  leave  them  in  that  position. 
Each  now  supports  his  own  weight  with  arms  at  full  length,  as 
long  a*  he  possibly  ran ; which  forms  the  first  part  of  this 
exercise.  The  second  is  more  diflieult : it  consists  in  keeping 
the  elbows  so  much  brut,  that  one  shoulder  remains  close 
under  the  bar.  Since  it  is  not  in  tho  power  of  every  beginner 
to  raise  himself  to  this  position,  the  teacher  must  assist  him 
until  the  required  height  is  attained  ; it  is  sufficient  for  him  to 
remain  there  hut  a short  time  at  first.  The  exercise  is  render- 
ed more  lively  by  letting  the  learners  try  who  can  hang  in  this 
manner  longest ; but  the  teacher  must  prevent  any  one  from 
overdoing  it. 

6.  The  hands  arc  placed  upon  the  bar,  over  opposite  sides, 
as  seen  in  No.  1.  At  another  time  they  may  he  placid  both  on 
the  same  side.  The  learner  now  draws  himself  so  much  up- 
ward. as  to  be  able  to  see  over  the  bar,  keeping  the  legs  and 
feet  closed  and  stretched  out.  He  then  lowers  himself  to  the 
full  length  of  his  arms,  and  again  raises  his  body.  This  exer- 
cise is  very  trying  if  often  repeated.  Most  persons  will  go 
through  it  three,  six,  or  perhaps  nine  times,  hut  few  reach  tho 
eighteenth  or  twenty-fourth  time.  It  must  not  be  carried  too 
far.  for  the  muscles  are  to  be  strengthened,  not  relaxed. 

These  two  exercises  should  he  frequently  repeated,  since 
they  wonderfully  increase  the  muscular  powers,  and  greatly 
facilitate  the  succeeding  exercises. 

G-  The  learner  hangs  w ith  his  hands  upon  the  bar,  as  before, 
and  then  raises  and  lowers  the  legs  alternately.  See  No.  2. 
The  hands  arc  fixrd  on  both  sides,  and  at  a little  distance  from 
each  other;  the  elbows  arc  very  much  bent;  one  shoulder  is 
immediately  under  the  bar,  and  the  upper  parts  of  the  arms  lie 
close  to  the  Irody.  The  head  now  sinks  backward,  and  at  the 
same  time  the  feet  are  raised  so  as  to  touch  each  other  gently 
over  the  bar.  From  this  they  again  sink  into  the  hanging  posi- 
tion. Beginners  who  have  not  thoroughly  practised  the  two 
preceding  exercises,  find  this  one  very  difficult:  some  make  a 
preparatory  swing  with  the  feet  to  assist  them;  hut  this  is  not 
correct,  since  the  exercise  ought  to  be  performed  entirely 
through  the  muscular  force  of  the  arms,  back,  &c.  It  can  be 
repeated  six,  nine,  twelve,  eighteen,  twenty-four,  and  even 
thirty  times.  The  teacher  is  again  recommended  to  prevent 
nny  one  front  overdoing  the  exeieise:  the  pupils  should  not  he 
Impatient,  but  overcome  every  difficulty  by  practice  alone. 

7.  Let  tlie  feet,  when  in  the  position  of  No.  2,  as  required  in 
the  prereding  exercise,  cling  close  to  each  other  over  the  bar, 
and  remain  as  long  as  possible  in  this  position.  The  learners 
try  to  excel  one  another  in  this  exercise. 
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8.  Suppose  the  body  to  be  in  the  last-mcntianed  position, 
tii.  No.  2.  Throw  the  right  arm  and  right  leg  quickly  over 
the  bar,  so  as  to  hang  to  it  by  the  elbow  and  knee  joints,  as 
seen  iu  No.  3.  Change  the  position  with  the  same  quickness 
by  throwing  the  left  leg  and  arm  over  the  bar,  in  order  to  rest 
the  other  side.  Finatly,  the  body  may  be  made  to  hang  by  the 
right  leg  and  left  arm,  and  rice  terra.  This  exercise,  which  is 
performed  upon  the  round  bars  g,  A,  ami  i,  A,  is  rendered  very 
pretty*  by  the  position  of  the  body  and  limbs  being  continually 
varied,  and  is  very  useful  as  a preparatory  one  to  climbing. 

H.  Suppose  the  body  to  be  again  in  the  position  of  No.  2. 
Commence  moving  the  hands  one  before  the  other,  either 
towards  t or and  let  the  feel  follow,  either  sliding  along  the 
bar.  or  what  is  much  better,  alternately  changing  like  the 
hands,  and  retaining,  in  some  measure,  a similar  hold.  Con- 
tinue moving  along  the  bar  iu  this  manner,  as  long  as  your 
strrngili  will  permit. 

lib  The  body  hangs  to  the  bar  by  the  hands,  placed  as 
shewn  at  No.  4;  the^e  are  then  moved  either  forward  or  back- 
ward alternate' v as  long  ns  possible.  This  exercise  is  faulty 
when  the  arms  hang  straight  and  slack;  or  when  the  feet, 
instead  of  being  quiet  and  close  together,  are  violently  drawn 
up  and  down.  It  may  be  varied  by  the  learner's  placing  him- 
self in  front  of  the  bar,  hanging  by  both  band.*,  and  moving  the 
latter  alternately  sideways. 

1 1.  When  a person  is  in  the  position  of  No.  3,  it  is  very  easy 
for  him  V#  throw  the  left  leg  over  the  bar  and  across  the  right 
one  ; then  lei  logo  the  arms  entirely,  and  bang  by  the  knee  joints 
only.  This  exercise  is  perfectly  safe,  strengthens  the  knee 
joints,  and  is  often  useful  in  climbing. 

12.  The  body  being  in  the  position  of  No.  2,  the  learner 
endeavours  to  sit  upon  the  bar.  The  lirst  attempts  frequently 
fail,  since  some  strength  and  agility  are  required.  The  easiest 
way  of  doing  it  is  thus:  suppose  you  wish,  when  in  the  posi- 
tion of  No. 2,  to  get  up  on  your  right  side  of  the  bar;  take  a 
fust  hold  by  the  right  knee  joint,  grasp  firmly  with  the  right 
hand,  and  bring  the  left  arm  over  the  bur  so  that  the  latter  may 
be  exactly  under  the  armpit.  From  this  position,  the  required 
or  riding  one  is  obtained  with  very  little  trouble. 

13.  When  a person  is  in  the  riding  position  upon  the  bar,  it 
is  very  easy  for  him  to  turn  towards  the  front  of  the  bar  e.f ; 
nr.  by  supporting  himself  upon  one  thigh,  while  the  other  leg 
hangs  down.  He  then  moves  along  the  bar  sideways,  by  rais- 
ing bis  body  with  his  hands,  which  arc  placid  on  the  bar  on 
each  side  of  him.  This  exercise  is  very  useful  in  practising  a 
person  to  proceed  a great  way  along  a high  beam. 

14.  The  learner  is  in  front  of  the  bar,  with  his  hands  resting 
upon  it,  as  in  No.  5;  he  then  removes  his  hands  either  to 
the  right  or  left,  nnd  supports  himself,  in  this  mauner,  ns  fur  as 
be  can  along  the  bar. 


14.  Suppose  a person  to  be  supporting  himself  by  the  band* 
upon  the  bar,  as  before.  No.  5;  he  then  throws  bis  bead  down 
forward,  and  dives,  as  it  were;  the  middle  of  the  body  rests 
momentarily  upon  the  bar,  the  feet  swing  upward,  the  whole 
person  turns  completely  round,  and  the  feet  come  to  the  ground. 
This  is  swinging  round  the  bar  forward  ; it  is  more  difficult, 
but  prettier,  backward.  Supported  by  the  hands  as  before,  the 
learner  swings  his  feel  once  or  twice  backward  and  forward  ; 
when  in  the  last  swing  lie  throws  them  quickly  forward  under- 
neath the  bar.  forcing  them  upward  on  the  opposite  side,  and 
then  passe*  them  over.  See  No.  6.  In  thi*  lie  also  rests 
momentarily  with  the  middle  of  the  body  upon  the  bar.  and 
then  returns  to  his  first  position.  This  swing  rouno  the  bar 
backward  is  not  easy  at  first ; it  requires  a good  deal  of  agility 
and  exertion  of  the  elastic  force.  The  exercise  should  always 
be  performed  upon  a smooth  round  bar,  as  g,  A,  or  i,  A,  Exer- 
cises of  this  kind  admit  of  numerous  variations,  and  boy*  soon 
find  them  out;  but  the  teacher  should  always  stand  by  to 
observe  them,  and  to  give  his  assistance  to  any  one  who  may 
require  it. 

V.  Vaulting,  or  raising  the  body  from  the  ground  quickly  by 
a spring,  and  giving  it  at  the  same  time  such  a swing  by  lean- 
ing the  hauds  upon  a fixed  object,  nnd  poising  the  body  if 
necessary,  that  the  leap  may  be  completed  with  facility.  This 
exercise  augment*  the  flexibility  of  the  arms  and  legs  ; it  aug- 
ments also  the  muscular  powers  of  the  body,  and  is  serviceable 
in  horsemanship,  coursing,  and  numerous  pastimes  of  youth. 

VI.  Leaping  with  a Pole , as  the  high  leap,  the  long  leap,  the 
deep  leap — all  of  w hich  are  a species  of  vaulting,  in  which  the 
leaper  carries  a pole  with  him.  which  he  place*  exactly  upon 
any  spot  that  offers  itself,  and  upon  which  he  support*  himself 
during  the  leap. 

VII.  Balancing,  the  art  of  preserving  a just  equilibrium  of 
the  body  in  whatever  position  it  may  be  placed,  i*  a pleasing 
exercise  confined  to  the  lower  extremities,  or  legs,  and  may  be 
performed  on  the  ground  or  on  a bar. 

The  balancing  bar  consists  of  the  stem  of  a tall  and  straight- 
grown  fir,  pkined  oil' quite  round,  about  (It)  feet  in  length,  and 
placed  iu  a level  direction  ; see  a,  b,  in  the  following  figure.  Its 
thickest  end  a,  is  suppoited  by  a post  e,  and  may  be  raised  or 
lowered  at  pleasure,  by  means  of  an  iron  peg,  made  to  pass 
through  the  holes  bored  in  the  sides  of  the  post.  The  stand  d 
supports  the  bar  somewhere  about  its  centre,  which  can  also 
be  raised  or  lowered  in  this  place.  That  part  of  the  bar  f.om 
d to  b,  remains  without  support,  and  consequently  waver* 
when  any  weight  is  placed  upon  it.  The  upper  surface  of  the 
bar  is  usually  about  3 feet  above  the  ground  : it  may  be  flat- 
tened a little  about  a foot  from  the  extremity  A. 

The  teacher  conducts  the  pupil,  by  the  hand,  along  the  tar, 
a few  limes.  Tile  latter  must  keep  his  feet  turned  outuard. 


and  his  body  in  an  upright  position.  Little  boys  soon  accns-  first,  in  order  to  observe  the  position  of  his  body,  and  the 
tom  themselves  to  walk  upon  the  wavering  end  of  the  bar;  planing  of  his  feet,  and  also  to  assist  him  if  absolutely 
tbey  gradually  lake  more  courage,  and  learn  to  preserve  their  required. 

balance.  After  a short  time,  the  teacher  begins  to  give  the  3.  As  soon  as  the  learner  is  able  to  walk  courageously  along 
pupil  less  assistance ; instead  of  holding  him  fast  by  the  arm,  the  bar,  preserving  a good  position  of  the  body,  and  also  t«* 
he  now  only  allows  him  to  touch  the  point  of  his  finger,  and  at  spring  oil  without  falling,  whenever  ho  may  nave  lo«t  his 
last  only  places  bis  hand  before  him.  balance,  the  teacher  must  render  his  walk  more  difficult,  by 

2.  The  learner  walks  along  the  bar,  uitbout  the  assistance  of  placing  obstacles,  such  as  large  stones,  upon  the  bar,  which  he 
th:  teacher,  (see  No.  1,)  who,  however,  remains  by  his  side,  at  is  either  to  step  over,  or  to  lift  up;  or  be  may  hold  a small 
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slirk  before  him.  about  the  heiirlit  of  his  knee,  and  make  him  radc  and  his  enemy,  in  vase  of  an  attack  upon  a place  difficult 
step  over  it.  See  No.  *2.  The  exercise  is  made  more  difficult  of  access,  such  as  the  storming  of  a town,  or  the  carrying  of  a 
by  obliging  the  learner  to  hold  his  hands  across  his  breast,  commanding  height.  The  sailor  s life  is  spent  in  climbing, 
instead  of  nsing  them  to  assist  in  keeping  bis  balance.  and  be  would  always  feel  the  benefit  of  early  instruction  in 

4.  Hitherto  the  learner  has  been  accustomed  to  walk  from  these  practices.  The  traveller,  afraid  of  danger  or  fntigur, 
a to  b,  and  to  jump  off  from  the  latter  extremity  ; but  the  passes  rocks  or  mountaius  commanding  the  most  beautiful 
teacher  now  makes  him  turn  round  at  b,  and  return  to  a.  He  prospects,  which,  if  well  instructed,  he  might  ascend  with  ease 
ought,  however,  to  have  previously  learned  to  turn  himself  well  and  pleasure,  and  the  inhabitant  of  the  city  would  sleep  more 
upon  the  thick  end  of  tlic  bar.  secure  from  the  apprehension  of  fire,  it  he  felt  confident  in 

.V  The  pupil  walks  backward  upon  the  bar;  an  exercise  being  able  at  the  shortest  notice  to  descend  the  loftiest  ami 
which  is  not  at  all  so  difficult  ns  itappcars.il  he  have  acquired  most  awkward  elevations.  Such  security  may  be  promised  to 
sufficient  cxpcrtr>r-ss  in  the  preceding  ones.  him  who  hus  mastered  the  gymnastic  art,  as  practised  in  v a ri- 

ft. Two  learners  meet  upon  the  bar,  and  wish  to  pass  each  ous  part*  of  Germany,  and  as  now  taught  in  England, 
other.  They  bold  one  another  fast  by  the  arms,  and  advance  7 he  Climbing  stand.  This,  with  all  its  appurtenances,  is 
hi  east  to  breast.  Each  places  bis  light  foot  forward,  close  to  represented  in  the  Plate,  tig.  5.  It  consists  of  two  stiong 
that  of  bis  comrade,  across  the  bar.  Sec  No.  3.  They  count  posts  a and  b (irmly  fixed  in  the  ground  : 20  feet  high,  and 
I.  2,  3.  and  turn  completely  round  one  another  at  the  word  about  30  feet  distant  from  each  other.  They  support  the  beam 
ikrtr.  each  making  a step  with  his  left  foot  round  the  right  one  erf,  which  is  strongly  fastened  to  them.  The  mast  r,  is  fixed 
of  his  comrade,  as  the  two  learner*  have  already  done  at  No.  4.  uptight  and  very  firmly  in  the  ground,  and  in  such  n manner 
The  two  learners  represented  at  No.  5,  are  turning  themselves  a*  to  pass  close  by  the  beam  erf.  to  which  it  may  be  attached 
round  after  having  placed  the  left  foot  in  front ; and  have  by  mean*  of  an  iron  band  ; though  this  is  not  necessary  if  it  be 
completed  the  turn,  except  the  withdrawing  of  this  foot.  supported  by  the  slant  post  tf  on  the  other  side  of  the  stand. 

7.  This  is  a repetition  of  a preparatory  exercise  to  vaulting.  To  the  beam  erf,  arc  attached  the  implements  for  climbing;  rtz. 

applied  to  the  balancing  bar.  When  performed  upon  the  two  poles J and  g,  three  ropes  /,  m.  and  a,  a rope  ladder  »,  nmi 
wavering  part  of  the  bar,  it  is  an  excellent  exercise  in  balanc-  a mast  A.  The  two  slaudiug-plnres  o and  p are  intended  for 
ing.  The  learner  should,  in  repeating  it.  advuuce  neater  to  the  exercises  in  mounting.  A ladder  leads  to  the  lower  one, 
the  end  b of  the  bar.  and  is  made  fast  to  the  mast  e ; another  leads  from  the  lower 

8.  This  is  a repetition  of  some  preparatory  exercises,  rir.  to  the  upper  one.  The  firm  construction  of  these  standing* 

the  titling  down  and  standing  op  on  one  leg,  applied  to  the  places  must  he  executed  under  the  eye  of  the  teacher:  the 
balam  ing  bar.  See  No,  0.  At  one  time,  the  right,  at  another,  upper  one*  p may  be  dispensed  with  if  the  latter  thinks  proper: 
the  left  leg  is  lowered.  When  this  exercise  is  performed  at  it  is  merely  intended  fur  ibe  purpose  of  strengthening  the 
'ho  extremity  of  the  bar.  as  in  No.  0,  a great  deal  depends  nerves  of  the  learners  by  accustoming  them  to  look  down  from 
upon  the  steady  position  of  the  body  . It  is  necessary  that  the  a great  height. 

teacher  should  stand  close  by  the  learner,  in  order  to  assist  Climbing  by  means  vf  both  Arms  and  Leg*.  The  teacher  mu  it 

him  in  case  of  his  falling.  require  the  learners  to  bo  expert  in  the  exercises  given  in 

tt.  It  is  not  difficult,  when  standingupon  that  part  of  the  bar  Section  IV.  pages  425  and  426.  before  they  commence  the 
wher©  the  wavering  is  slight,  to  raise,  by  aid  of  the  hands,  one  following  ones,  to  which  they  may  be  considered  as  preparatory, 
foot  so  high,  (lowering  the  head  at  the  same  time,)  as  to  be  I.  Beginner*  ascend  and  descend  the  ladder  which  is  fixed 
enabled  to  kiss  the  loo.  as  shewn  in  No.  7.  When  the  learner  to  the  climbing-stand,  in  the  customary  way,  until  they  acquire 
it  expert  in  this,  let  him  attempt  it  on  the  wavering  end  of  the  expertness  and  courage. 

bar,  where  it  is  much  more  difficult.  The  foot  is  placed  upon  2.  They  descend  with  the  back  turned  towards  the  ladder, 

the  bar,  in  the  direction  of  the  latter.  The  learner  waits  until  3.  They  mount  and  descend  in  the  usual  wav,  but  only  with 

all  wavering  ha*  ceased:  lie  then  raises  the  foot  slowly  and  one  hand;  and,  after  a little  practice,  carry  something  in  the 
steadily,  and  bends  forward,  taking  great  care  all  the  while  to  other.  See  No.  1. 

preserve  his  balance.  He  seizes  the  foot  quickly,  but  without  4.  The  learner  goes  up  and  down  without  using  his  hand*, 

making  much  motion,  and  conducts  it  to  the  mouth.  Upon  See  No.  2.  The  ascent  is  extremely  easy:  after  which  he 

returning  his  foot  to  the  bar,  lie  should  stand  very  steadily  uses  his  hands  in  turning  round  so  as  to  have  his  back  towards 
upon  it.  the  ladder  when  descending.  In  this  part  of  the  exercise,  the 

10.  Two  learners  meet  upon  the  bar,  and  each  endeavours  teacher  must  always  be  ready  to  assist  him. 

to  push  the  other  off.  by  using  one  hand.  See  No.  ft  The  5.  Two  learners  meet  upon  the  ladder,  and  wish  to  pass  each 

learners  must  recollect  they  are  not  to  give  a hard  blow,  hut  other.  They  either  both  remain  on  the  front  part  of  the  Iwd- 

lathcr  a push,  keeping  the  arm  stiff.  This  exercise  teaches  dcr,  and  give  way  to  each  other  as  much  as  possible,  or,  if  one 
them  to  maintain  their  position  upon  a narrow  round  surface.  of  them  is  sufficiently  expert  in  the  two  following  exercises,  he 

1 1.  A support  is  placed  nndcr  the  end  A.  of  the  bar,  and  the  swings  himself  round  to  the  back  part,  in  order  to  let  his  corn- 
iron  peg  which  snpports  the  latter  in  the  stand  rf.  is  removed,  panion  pass. 

All  the  learner*  then  w'hlk  along  the  bar,  at  the  distance  of  two  6.  The  exercises  now  commence  on  the  back  part  of  the 
paces  behind  each  other.  This  exercise  instructs  the  learners  ladder.  The  learner  easily  ascends  from  step  to  step  by 
in  crossing  a river  or  ditch  by  means  of  a long  pole.  advancing  his  hands  and  feet,  at  the  same  time,  higher  and 

In  walking  along  the  bar,  it  is  necessary  to  turn  the  feet  higher, 

outward,  so  a*  to  keep  them  more  across  it  than  in  its  own  7.  The  learner  mounts  along  the  front  part  of  the  ladder 

direction.  Ii>  observing  this,  the  pupil  is  much  less  liable  to  a*  usual;  then  swings  himself  round  to  the  back  part,  along 
slip.  2.  As  the  upper  surface  of  the  bar  is  generally  too  which  he  descends. 

smooth  in  very  dry  weather,  the  sole.*  of  the  shoe*  should,  in  ft  The  learner  mounts  and  descends  the  ladder  upon  it* 

th  it  case,  be  damped  by  rubbing  thrm  upon  a wet  spot  of  back  part,  without  making  use  of  bis  feet.  See  No.  3-  .V- 
irround.  3.  Fiom  the  nalme  uf  these  exercises,  it  is  evident  though  this  exercise  ought  not.  strictly  speaking,  to  he  in- 
itial they  should  never  be  performed  with  violence  or  rashucss.  troduccd  here,  yet  as  we  are  busy  w.th  the  ladder,  there 
but  rather  with  patience  nod  caution.  If  the  bar  swing*  too  will  be  no  harm  in  mentioning  it  now.  It  may  be  divided  into 
u-uch,  you  should  wail  until  it  is  steady,  before  you  continue  two  parts.  The  first  consists  in  taking  fast  hold  of  the  most 
what .you  have  begun.  4.  The  ground  about  the  bar  should  convenient  rundle  with  both  bands,  and  raising  the  body 
consist  of  sand.  5.  The  teacher  should  alwrays  stand  near  the  forcibly  upward.  At  this  moment,  one  hand  seizes  the  next 
I eginner  to  give  him  assistance.  0.  No  voluntary  swinging  of  highest  rundle.  and  immediately  afterwards,  the  other  hand 
tl«e  bar,  on  the  part  of  the  learners,  must  be  allowed.  does  the  same.  Both  bands  again  raise  the  body  as  before,  kc. 

VIII.  Climbing  and  Mounting.  These  arts  arc  of  the  utmost  In  the  second  part  of  this  exercise,  the  bands  seize  the  rundle* 
importance  to  the  military,  maritime,  and  civil  inhabitants  of  singly  and  alternately;  which  is  much  more  difficult,  and  only 
Britain.  The  soldier  who  has  been  well  taught  in  the  gym-  accomplished  by  practised  lenrneis 

nastic  school,  has  an  immense  advantage  over  both  his  com-  1).  CHmbing  either  the  (■  plight  or  Slant  Pole.  The  thickness 
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of  the  uptight  pole /,  is  from  two  to  two  inches  and  a half,  or 
more,  according  to  the  size  of  the  learners.  It  must  be  per. 
fcctly  smooth,  and  void  of  splinters.  Its  upper  end  is  fastened 
by  an  iron  ring  to  the  beam  erf.  The  slant  pole  g must  be  at 
least  three  inches  thick.  Neither  of  them  is  made  very  fast  in 
the  ground,  but  only  sunk  a little  into  it,  in  order  that  they 
may  be  easily  replaced  by  poles  of  different  sizes.  The  posi- 
lino  of  the  climber  is  the  same  in  both  the  upright  and  oblique 
pole,  and  is  shewn  upon  the  latter,  in  No.  4.  Nothing  must 
touch  the  pole  besides  the  feet,  legs,  knees,  and  hands.  The 
climber,  while  lie  raises  himself  with  both  hands,  draws  his 
legs  up  the  pole,  as  in  fig.  4,  then  bolds  fast  by  them,  and 
again  places  his  hand*  higher  up.  He  continues  this  alternate 
use  of  the  legs  and  arms  until  he  has  reached  the  top.  The 
descent  is  not  at  all  difficult ; it  is  not  performed  similar  to 
the  ascent,  but  merely  by  sliding  ouickly  down  with  the  legs, 
without  scarcely  ever  touching  the  pole  with  the  hands,  as 
shewn  in  No.  5.  This  exercise  is  more  difficult  upon  the 
oblique  pole,  since  the  hands  are  more  affected  by  the  weight 
of  the  body.  The  learners  should  be  made  very  perfect  in  this 
exercise,  for  every  one  ought  at  least  to  be  sufficiently  expert 
In  case  of  fire  to  slide  himself  down  Along  a smooth  pole  placed 
against  the  window  of  a second  or  third  story  of  a house. 

10.  (’limbing  the  Mast  is  more  difficult  than  the  last  exorcise, 
for  even  when  made  of  a moderate  size,  it  ennnot  be  spanned 
round  by  the  hands.  It  is  fixed  quite  firm  in  the  ground;  is 
from  six  to  eight  inches  thick  at  the  bottom,  and  thirty  feet 
high.  The  learners  mutt  not  he  allowed  to  climb  the  mast 
until  they  arc  very  expert  at  climbing  the  poles  mentioned  in 
the  last  exercise,  and  arc  able  to  get  from  that,  upon  the  beam 
erf.  All  climbing  succeeds  best  in  Lot  weather,  but  more  par- 
ticularly  that  of  the  mast.  The  position  of  the  legs  is  the  same 
hv  with  the  pole:  boots  arc  the  best  coveting  for  the  feet. 
•Since  the  mast  is  too  thick  to  be  grasped  by  the  hands,  the 
climber  must  lay  fast  hold  of  his  left  arm  with  his  right  hand, 
and  vice  vertA.  Learners  climb  with  much  more  ease  and 
security,  with  naked  arms,  for  the  skin  does  not  slip  near  so 
easily  as  the  clothes.  A elimber  up  the  mast  adheres  to  it 
with  Ids  whole  body,  as  in  flg.  0,  until  he  reaches  the  thinner 
part  of  it,  as  appears  from  No.  7. 

11.  Climbing  the  Rope-lorUer.  (Sec  i,  in  the  Plate.)  The 
rope-ladder  should  have  three  or  four  wooden  rundlcs  to  spiead 
it  out,  and  ought  to  be  made  so  ns  not  to  twist  round  and  en- 
tangle when  used  ; if  it  has  this  fault,  it  is  unserviceable. 

It  is  much  more  difficult  to  mount  the  rope-ladder  than  the 
pole,  the  former  hanging  quite  loose,  and  not  at  all  fastened  at 
ihc  bottom.  The  muscles  of  the  arms  and  hands  are  very 
much  affected;  for  the  latter  must,  when  the  learner  is  not 
sufficiently  acquainted  with  this  exercise,  almost  entirely  sup- 
port the  body,  which  continually  inclines  backward.  The 
manner  of  proceeding  in  this  exercise  is  easy,  for  it  is  similar 
to  ascending  n wooden  ladder;  but  as  the  rope-ladder  hangs 
perpendicularly,  and  is  very  flexible,  the  steps  upon  which  the 
lect  rest,  arc  generally  pushed  foiward  by  the  unpractised, 
and  the  upper  part  of  the  body  sinks  out  of  the  perpmdicular 
position  into  a very  oblique  one  ; whereby  the  whole  weight  of 
the  body  becomes  supported  by  the  hands,  and  the  exercise  is 
rendered  so  difficult  that  the  learner  cannot  ascend  very  hi}li. 
To  obviate  this,  he  must  always  have  a fast  hold  of  the  two 
main  ropes,  ns  shewn  in  lig.  8.  and  keep  the  body,  ns  iun>h  as 
possible,  stretched  out  upon  the  ladder  and  upright.  If  the 
ladder  is  sufficiently  strong,  the  teacher  allows  two  or  three  of 
his  pupils  to  get  up  and  down  at  the  same  time;  hy  uhirb 
means  they  learn  to  pass  each  other.  One  hangs  by  a main 
rope  until  the  other  has  passed  him. 

12.  Climbing  either  the  Oblique  or  Level  Rope.  Let  a rope  he 
fastened  from  one  post  to  another,  or  from  the  beam  erf,  to  an 
adjoining  post  k,  and  in  an  oblique  direction.  Another  might 
also  be  placed  in  a level  direction,  having  one  end  fastened  at 
k.  and  the  other  to  the  post  h.  In  cither  case  the  learner  fixes 
himself  to  the  rope  as  in  No.  0.  in  the  position  required  in 
Exercise  7,  Section  IV.;  and  advances  along  the  rope  in  the 
way  required  in  Exercise  9,  Section  IV.  In  this  manner,  a 
number  of  soldiers  might  cross  a small  river,  with  (heir  arms 
and  knapsacks,  when  other  means  failed. 

There  are  two  ways  of  using  the  legs  in  this  exrrcise  ; 1st,  I 


exactly  as  in  Exercise  9,  Section  IV.,  so  that  the  feet,  either  in 
ascending  or  descending,  move  forward  along  the  rope  alter- 
nately ; or  one  leg  only  may  hang  over  the  rope,  and  be  made 
to  slide  along  it;  but  in  both  cases  the  pressure  is  painful, 
particularly  it  the  climber  does  not  wear  boots.  The  2d,  which 
is  the  best  method,  is  to  place  the  sole  of  one  foot,  for  instance, 
the  right,  flat  upon  the  rope,  and  to  lay  the  left  leg  across  the 
instep  of  that  fool ; whereby  the  friction  of  the  rope  is  re- 
moved. 

13.  Climbing  ike  T prig  hi  Rope.  This  exercise  is  shewn  in 
the  figure,  upon  two  ropes  / and  m.  because  the  securing  of  the 
rope  hy  the  feel  may  be  done  in  two  different  ways.  It  is  very 
easy  to  those  who  arc  already  expert  at  climbing  the  upright 
pole.  The  only  difficulty  lies  iu  seizing  the  rope  with  the  feet 
so  as  to  obtain  a firm  support. 

The  first  method  is  shewn  in  No.  10.  upon  the  ropof.  Knees 
and  thighs  have  nothing  to  do  here ; only  the  feet  are  em- 
ployed. If  the  learner  sit  upon  a chair,  and  cross  his  feet  in 
the  usual  way,  bo  will  immediately  perceive  their  proper  posi- 
tion. The  rope  passes  between  them,  and  is  held  fast  by  press- 
ing  them  moderately  together,  while  the  hands  alternately 
grasp  higher  up  the  rope.  Hereupon  the  climber,  haDging  by 
his  hands,  also  draws  his  feet  higher  up,  fixes  them  again  to 
the  rope,  and  proceeds  as  before. 

The  second  method,  peculiar  to  sailors,  is  shewn  at  No.  II, 
on  the  rope  m.  The  rope  passes  down  from  the  hands  of  the 
climber,  along  one,  generally  the  right,  thigh,  not  far  above  the 
knee  ; winds  round  the  inner  side  of  this  thigh,  along  the  knee- 
hollow  and  the  calf,  and  then  across  the  instepof  the  right  foot, 
whence  it  hangs  loose.  If  the  climber  only  treads  moderatcJy 
o pon  that  part  of  the  rope  where  it  crosses  the  other  foot,  he 
will,  by  menns  of  the  varied  pressure,  obtain  a firm  support. 
The  exercise  depends  almost  entirely  upon  holding  the  right 
leg  and  foot  *n  that  the  rope  may  retain  it*  proper  winding, 
after  being  quitted  hy  Ihc  left  foot,  when  the  hands  have  been 
raised  for  the  purpose  of  drawing  the  body  higher.  This  is 
easily  acquired  after  a few  trials.  In  descending,  the  hands 
must  he  lowered  alternately,  as  they  are  raised  in  ascending, 
for  if  the  hand*  slide  down  quickly,  they  will  be  injured. 

14.  Resting  upon  ike  (’plight  Rope.  This  exercise  not  only 
excites  a lengthened  power  of  the  muscles,  but  also  lends  to 
promote  expcrtncs.s  in  dangerous  situations.  It  is  represented 
in  the  figure,  at  No.  12,  upon  the  rope  n ; which  must  be  much 
longer  than  what  the  height  requires.  The  climber  mounts  to 
a moderate  height,  anil  then  haults;  swings  the  right  foot 
three  or  four  times  round  the  mpe,  so  that  this  winds  round 
the  leg;  he  thru  entwines  it,  by  means  of  the  left  foot,  once  or 
twice  round  the  right  one.  which  he  bends  so  as  to  point  the 
tors  upwards,  and  now  treads  the  left  foot  firmly  upon  this  last 
winding.  The  pressure  which  thus  arises  between  the  rope 
and  the  feet,  opposes  the  whole  weight  of  the  body.  In  this 
position,  he  can  rest  a long  time*,  hut  suppose  he  wishes  to  be 
still  more  at  his  ease;  with  this  intention,  he  lowers  his  hands 
a little  along  the  rope,  as  shewn  in  fig.  12,  then  holds  fast  with 
the  right  hand,  stoop*.  and  grasps  with  the  left,  that  part  of 
the  rope  which  hangs  below  the  feet.  He  raises  himself  again, 
and  entwines  this  part  a few  time*  round  his  shoulders,  hip*, 
and  the  mpe  itself,  until  he  is  firmly  entangled. 

Id.  Climbing  Trees.  The  preceding  exercises  have  been 
applied  to  objects  made  very  firm  and  secure  by  art,  and  were 
therefore,  after  good  preparatory  ones,  attended  without  dan- 
ger. It  is  otherwise  with  trees:  their  branches  frequently 
give  a very  insecure  support;  the  nntnrc  of  the  wood  must  be 
considered  ; consequently,  this  kind  of  climbing  requires,  with 
beginners,  ihc  rarcful  attention  of  the  teacher.  The  danger 
docs  not  consist  in  clambering  up  the  stem  of  the  tree,  but  in 
climbing  from  one  branch  to  another. 

Precaution*.  The  teacher  must  only  allow  the  learner  to 
climb  up  lnw  branches  at  first,  so  that  he  may  narrowly 
observe  his  movements.  He  must  stand  by.  and  warn  hiui 
from  the  branches  which  appear  insecure,  and  make  him 
acquainted  with  the  important  rule,  lo  support  himself  almost 
entirely  by  the  kauri*,  and  not  to  confide  too  much  to  the  feet, 
since  they  easily  slip  from  off  the  branches.  Beginners  must 
r i.ot  he  allowed  to  perform  this  exercise  in  winter,  for  then  the 
I withe,  cd  branches  arc  not  so  easily  distinguished. 
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The  different  advantages  which  most  occur  to  the  learner  in 
this  exercise,  increase  with  his  agility  and  courage.  He  is 
toon  enabled  to  pass  from  the  branches  of  a tree  to  those  of 
an  adjoining  one,  and  so  on  along  a whole  row.  If  he  have 
had  sufficient  practice  with  the  rope,  be  will  not  always  clam- 
ber up  aud  down  the  stem  of  the  tree,  but  seize  a sufficiently 
strong  branch,  which  hangs  low  enough  to  be  reached  from  the 
ground  with  his  hands,  and  swing  himself  either  up  to,  or 
down  from  it.  Should  this  branch  he  somewhat  higher,  he  can 
make  a preparatory  run,  and  catch  it  immediately  after  having 
made  a spring. 

To  render  this  exercise  more  agreeab.e,  and  to  try,  at  the 
same  time,  the  expertness  of  the  learners,  the  teacher  may 
sometimes  take  them  to  a group  of  trees ; he  then  counts  15, 
and  daring  his  counting,  each  exerts  himself  to  climb  so  high 
up  a tree  as  to  be  without  the  reach  of  the  teacher's  slick ; the 
endeavouring  to  escape  which  excites  great  laughter. 

Climbing  by  meant  of  the  Arm/  only.  This  is  one  of  the  best 
exercises  for  strengthening  all  the  muscles  of  the  chest,  the 
arms,  and  hands ; it  is  a truo  criterion  by  which  to  judge  the 
powers  of  these  members,  and  it  also  augments  them  most 
effectually.  We  seldom  find  a boy  who  is  able,  in  his  eighth  or 
ninth  year,  to  raise  himself  a little  way  either  up  the  rope  or 
pole  by  his  bands  only.  The  age  of  fourteen  is  generally  the 
time  when  the  arms  become  sufficiently  strong  ; therefore  some 
attention  must  he  paid  to  this  point,  with  respect  to  the 
learners.  The  best  preparatory  exercises  are  the  5th  nnd  10th 
in  Section  IV.  The  exercise  itself  may  be  applied  to  the  j 
ladder , (as  already  jfiven  *n  Exercise  VIII.)  to  the  pole,  and 
the  rope,  either  slanting  or  upright. 

Ex.  1.  Climbing  up  the  Pole  by  the  Handt  only,  is  perhaps 
easier  than  up  the  ladder,  for  with  this  the  body  hangs  quite 
free,  but  with  the  former  one  side  of  the  body  is  close  to  ihc 
pole,  which  facilitates  the  learner  a little.  Sec  No.  13.  When 
this  exercise  is  applied  to  the  upright  pole,  the  position  of  the 
body  will  be  good,  if  similar  to  that  represented  at  fig.  13.  The 
feet  hang  loosely,  and  remain  perfectly  steady.  The  climber 
must  not  be  allowed  to  bend  bis  knees,  nor  to  stamp,  as  it 
were,  in  the  air,  nor  to  let  the  pole  come  between  his  thighs. 
There  are  two  methods  of  employing  the  bands  in  this  exer- 
cise. According  to  the  first,  which  is  the  usual  mode,  both 
hands  raise  the  body  simultaneously ; immediately  after  which, 
one  quickly  grasps  the  pole  higher  up,  while  the  other  supports 
the  weight  alone  for  a moment.  The  second,  in  which  each 
band  alternately  supports  the  body  alone,  and  the  other,  quite 
free,  seizes  the  polo  higher  up,  in  order  to  raise  the  body 
again,  requires  great  practice  and  considerable  strength  in  the 
arms.  In  climbing  the  slant  pole,  the  position  is  similar  to 
that  in  the  10th  Exercise,  in  Section  IV, 

2.  Climbing  the  Nope  by  the  Hands  only,  should  be  first  prac- 
tised upon  ihc  slant  rope,  as  with  it,  the  continual  grasping 
higher  up  is  much  easier.  The  position  of  the  hands  and  of 
the  body  similar  to  that  required  in  climbing  the  pole. 

It  should  be  observed,  that  of  the  preceding  exercises,  all 
Ihose  which  require  more  strength  and  agility  must  not  be 
kept  up  too  long.  Strength  increases  gradually,  its  growth  is 
not  only  combined  with  exercise,  but  also  with  the  develop, 
merit  of  the  corporeal  system.  For  this  reason,  such  exercises  i 
should  be  frequent  but  not  long. 

Exercises  in  Mourning.  These  exercises  require  neither 
particular  strength  nor  agility  ; they  are  intended  to  produce 
fearlessness,  and  the  power  of  looking  down  from  high  stations, 
and  consequently  to  prevent  weakness  of  nerves  and  giddiness. 
The  teacher  will  have  little  difficulty  with  boys  accustomed  to 
the  country,  but  lie  must  pay  great  attention  to  those  who 
come  from  large  cities,  as  they  are  frequently  weak,  nervous, 
and  timid.  If  any  one  of  them  is  sufficiently  strengthened  by 
the  preceding  climbing  exercises,  and  becomes  bolder  in  climb, 
ing  the  pole  and  the  ladder,  he  may  mount  the  first  standing- 
place  o.  If  he  be  very  thuid,  then  even  his  climbing  to  the  top 
of  the  pole  will  be  no  certaio  proof  of  his  having  lost  his  timi- 
dity, for  the  firmness  with  which  the  climber  clings  to  the  pole, 
gives  him  a security  which  renders  him  fearless ; he  may  still 
be  afraid  of  standing  quite  freely  upon  the  ladder  or  the 
standing-place.  Such  a one  must  only  ascend  higher  up  the 
ladder  gradually,  turn  round,  and  sit  down  upon  a rundle,  in 
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order  to  accustom  himself  to  look  down  for  a long  time  upon 
the  ground.  If  he  finally  climbs  the  pole  f.  so  as  to  place  him- 
self in  the  riding  position  upon  the  beam  c d,  aud  can  look 
down  with  indifference,  he  tnay  then  fearlessly  get  upon  the 
lower  standing-place.  But  whoever  can  ascend  the  beam  from 
the  pole,  the  rope,  and  the.  rope-ladder,  and  can  shake  the  fane 
of  the  mast,  (see  No.  7,)  may  mount  with  confidence  the  upper 
standing-place  p. 

IX.  Wrestling  exercises  both  legs  and  arms,  excites  every 
muscle,  strengthens  the  chest,  circulates  the  blood,  and  gives 
youth  courage,  patience,  and  perseverance.  It  may  be  said 
to  consist  of  heaving,  fig.  4,  pulling,  fig.  8.  and  fighting  upon  the 
ground,  on  which  the  combatants  used  voluntarily  to  throw 
themselves  down,  as  shewn  in  figures  2 and  3.  This  was  the 
ancient  mode,  in  which  pinching,  biting,  scratching,  and 
luxation,  formed  legitimate  means  of  vanquishing  an  adver- 
sary. We  have  In  modern  wrestling  altered  these  Grecian 
customs,  where  the  virgins  were  taught  to  dance  in  publio  at 
certain  festivals,  to  wrestle  with  each  other,  as  in  either  or  all 
the  three  groupes  of  wrestlers  on  the  Plate,  to  run  with  the 
almost  speed  over  the  adjoining  country,  to  shoot  with  the 
bow,  and  to  launch  the  javelin;  and  all  these  exercises  they 
petformed  with  scarcely  any  clothing  to  encumber  them,  and 
without  any  feeling  of  shame,  for  Lycurgus  thought  that  where 
there  was  no  concealment,  there  was  no  temptation.  See 
Tuscul.  Quasi.  lib.  3.  for  Cicero's  description  of  the  pursuits 
of  these  daughters  of  liberty. 

We  proceed  now  to  consider  Gymnastics  as  tending  to  pre- 
serve or  to  re-establish  health,  by  a development  of  the  moral 
faculties  and  physical  powers  of  man.  This  is  the  view  which 
the  politician  and  schoolmaster  should  take  of  this  art,  for  the 
posture  master  can  regulate  the  movements  of  the  human 
body,  and  the  Ourang-Uutang  has  far  more  agility  aud  pliancy 
of  muscular  power  than  man.  But  the  study  of  gymnastics  is 
inseparable  also  from  that  of  medicine  ; at  any  rate,  the  art  of 
healing  abandoned  the  temples,  and  took  refuge  in  the  aca- 
demics or  schools  ; and  although  Captain  Clias  be  not  a phy- 
sician, he  has  given  his  work  quite  a medical  turn,  interesting, 
above  all  praise,  from  the  edifice  he  rears,  appropriating  its 
parts  to  the  wants  of  life,  and  to  the  laws  of  living  economy 
I speak  from  actual  observation  of  this  gentleman's  instructions 
to  the  young  men  at  my  own  school.  His  constant  study 
seems  to  be,  to  determine  the  most  convenient  methods  for 
strengthening  the  powers  of  each  organ,  and  to  increase  the 
energies  of  the  vital  properties.  With  this  view,  he  has  con- 
trived exercises  peculiar  to  the  action  of  each  part  of  the  body ; 
and  he  begins  at  first  by  the  most  simple  motions,  to  arrive 
progressively  at  the  most  complicated. 

In  speaking  of  gymnastics,  we  are  not  here  contending  for 
these  exercises  as  preservatives  of  health,  but  what  is  most 
important,  as  applicable  in  all  the  different  kinds  of  dangerous 
and  morbid  disorders.  And  the  injuries  that  appear  capable 
of  yielding  to  a well-combined  and  methodical  movement  ot 
the  lower  extremities,  arc  lumbago,  sciatica,  the  imperfect 
anchiloses,  sprains,  a bad  construction  of  the  legs  and  thighs, 
palsies,  stiffness,  rheumatisms,  gout.  See.  These  and  other 
morbid  affections  ought  wholly  or  in  part  to  give  way  to  a 
frequent  exercise  of  the  arms,  when  they  have  taken  their 
direction  towards  the  upper  regions  ; but  ns  the  action  of  the 
muscles  of  the  arms  is  almost  always  simultaneous  with  those 
of  the  thorax,  the  same  exercises  will  naturally  correct  a num- 
ber of  disorders  and  deformities  with  which  the  chest  is  threat 
ened.  Thus,  obstinate  coughs,  recent  asthma,  tendency  to  a 
curved  spine,  and  the  vitious  formation  of  tho  thorax,  Ate. 
would  find,  in  a great  variety  of  these  movements  for  the  arms, 
an  advantage  that  would  be  vainly  sought  for  in  the  usual 
mode  of  treatment.  So  w e are  confident  of  the  salutary  effects 
resulting  from  the  same  practice  on  the  visccras  of  the  abdomen, 

1 have  seen  about  200  different  exercises  performed  agree- 
ably to  Captain  Clias’s  directions,  of  which  not  one  could  be 
classed  among  the  games  and  pastimes  of  Scotland  and  Eng- 
land. And  the  great  merit  of  these  exercises  appears  to  me 
to  be,  that,  while  the  end  of  each  is  to  increase  the  elasticity 
of  the  articulation,  (i.«.  the  joints,)  to  favour  the  development 
of  the  muscular  powers,  to  strengthen  the  body,  and  facilitate 
standing  and  moving  in  any  attitude,  without  losing  the  eqoili- 
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brium, — they  tench  youth  also  to  brave  and  avoid  danger*, 
and  to  overcome  obstacles,  which,  to  other*,  would  be  iuaur* 
mountable. 

I.  The  following  is  a sketch  of  the  exercises  applicable  by 
Captain  Cllas  to  the  lower  extremities. 

1.  Walking,  running,  jumping,  which  he  divide*  Into  walk* 
Ing  in  general,  preparatory  movements,  and  the  following 
exercise* : 

1.  The  ordinary  step.  G.  The  French  step. 

2.  Changes  in  place.  7.  Walking  on  the  heels. 

3.  The  double  step.  8.  Kicking. 

4.  The  triple  step.  0.  The  broken  step. 

6.  Oblique  and  cross  step.  | 10.  The  ticktack. 

It  is  easy  to  perceive  how  much  these  exercises  contribute 
to  developc  the  force,  the  suppleness,  and  the  agility  of  the 
lower  extremities ; as  the  hip,  the  knee,  the  muscles  of  the 
thigh,  which  make  the  movement,  arc  tho  parts  most  fatigued. 

2.  Balancing  on  the  feet  may  be  considered  introductory  to 
dancing,  and  its  exercises  are  ten  : 

1.  Balancing  on  one  leg.  0.  The  cross  touch. 

2.  The  school  step.  7.  The  touch  of  the  toe. 

3.  The  pace  of  three  times.  8.  The  touch  of  the  brel. 

4.  First  balance.  9.  Changing  the  guaid- 

6.  To  touch  the  ground.  10.  Walk  near  the  ground. 

3.  Running,  which,  from  preparatory  movcmculs,  carries 
the  pupil  through  ten  exercises  : 

1.  Running  in  place.  6.  Doubling  the  line. 

2.  Rising  and  crouching.  7.  Running  with  a stirk. 

3.  Running  in  a square.  8.  Running  moderately. 

4.  Spiral  running.  9.  Prompt  running. 

6.  Sinuous  running.  | 10.  Precipitate  running. 

Captain  Barclay's  walking  180  miles  without  resting,  and 
still  more,  his  doing  1000  miles  in  1000  successive  hours,  allord 
strong  proofs  of  what  may  he  effected  by  persevering  exercise ; 
end  arc  unparalleled  to  any  exercise  of  the  kind  of  which 
foreigners  can  boast. 

4.  Jumping  in  general,  embraces 

1.  Preparatory  movement*.  I C.  Galloping  pare  in  place. 

2.  Rising  fic  touching  behind.  | 7.  Simple  jumping  in  place. 

3.  Trampling  on  the  ground.  ’ 8.  Redoubled  jumping. 

4.  Walking  pace  in  place.  1 9.  Continued  jump. 

5.  Trotting  pace  in  place.  r 10.  The  spectre's  march. 

If  the  volume,  strength,  and  suppleness  of  the  members  arc 
increased,  by  means  of  exercises,  there  are  none  more  proper 
for  developing  the  lower  extremities  than  these  four  sections. 
The  details  of  these  exercises  occupy  GO  pages  of  the  original 
work  before  me ; and  a judicious  gymnasian  would,  without 
doubt,  vary  and  modify  them  in  a thousand  circumstances,  of 
w hich  he  only  can  be  the  judge. 

II.  The  exercises  of  the  superior  extremities  upon  the  plan 
of  Captain  ('lias,  embrace 

1.  The  Movement  of  the  Arms,  consisting  of  these  exercises  : 
1-  Raising  them  straight  in  front,  parallel  to  the  ears. 

2.  The  oscillatory,  or  pendulum  movement. 

3.  The  circular,  vertical,  and  superior  movement. 

4.  Developing  before,  striking  behind,  and  detaching  sideways. 

6.  Swimming  motion*— the  thrust— circling— hoveriug—  point* 

ing  to  the  ground. 

2.  Complicated  Movements  of  the  Arms  and  Feet  together,  in 
place  or  moving  forwards  and  backwards,  may  be  executed  by 
persons  of  oil  ages,  and  in  every  station  of  life ; for  by  their 
quick  and  rapid  action,  of  short  duration,  but  frequently  re- 
peated, they  are  calculated  to  give  strength  alike  to  the  youth 
and  the  adult,  by  making  them  active  and  pliant  in  their  limbs, 
enabling  the  grown  man  to  maintain  on  equilibrium  between 
the  body  and  mind,  and  the  old  man  to  warm  his  vital  powers, 
which  are  perhaps  nearly  extinguished, 

Tho  third  chapter  of  the  work  of  Captain  Clias,  treats  of 
complicated  exercises  in  a series  of  twelve  different  ways  of 
climbing,  wrestling,  swimming,  and  vaulting.  We  arrive  at 
wrestling,  according  to  this  system,  by  a course  of  preparatory 
exercises  that  serve  as  its  iutiodurtion  : as, 

1.  Kissing  the  ground  in  equilibrium,  on  the  arms  and  the 
points  of  the  feet. 


2.  To  the  ground  backwards,  by  supporting  the  body  on  the 

hands  and  heels. 

3.  The  sevea  or  square. 

4.  The  goat's  jump. 

6.  Squaring  with  the  hands,  or  wrestling  with  the  fists. 

G.  Head  to  head. 

7.  Binding. 

8.  Bending  upwards. 

9.  Wrestling  with  sticks. 

10.  Forming  the  lever. 

It.  The  snares,  or  the  trip. 

12.  Taking  the  advantage. 

13.  The  first  full. 

14.  Wrestling  on  the  ground. 

We  forbear  the  description  of  each  of  these  exercises,  and 
observe  that  they  arc  all  the  natural  pastimes  of  youth,  which 
only  require  to  be  directed  by  a man  capable  of  appreciating 
the  different  dispositions  of  his  pupils,  in  order  to  match  them 
conformably  to  their  strength,  agility,  and  courage. 

Jumping , rNnifirn;.  ami  skipping  in  a hoop,  dcvclopes  itself  by 
passing  the  hoop  forward,  in  place;  passing  it  behind  ; run- 
ning through  the  hoop;  making  the  half-passage  sideways,  in 
place;  the  entire  passage,  and  the  return  or  passing  above, 
which  are  all  simple,  amusing,  and  healthful  exercises  for 
boys  at  school. 

Jumping,  running,  and  skipping  with  a chord , is  a well-known 
exercise,  which  might  he  regulated  to  passing  before  or  behind, 
in  place;  parsing  before  in  running;  skipping  in  place;  sim- 
ple passing  and  crossing,  in  place  ; three  alternate  jumps, 
simple,  double,  and  crossing  ; doubling  right  and  crossed,  and 
doubling  the  cross.  But,  in  short,  elementary  exercises  of  the 
lower  extremities  may  be  varied  every  hour  during  the  years 
of  pupilage. 

Among  the  complicated  exercises  belonging  to  the  lower 
extremities  is  shatiug,  for  which  see  Skatixu. 

Flementary  vaulting  and  the  parallel  bars,  are  also  reserved 

to  Vaulting. 

The  combination  of  all  these  exercises  forms  one  of  the  most 
complete  systems  for  developing  the  muscular  and  physical 
powers  of  man,  that  can  be  devised  in  a medical  and  political 
point  of  view.  Tbc  articles  skating,  swimming,  and  vaulting, 
which  we  have  reserved  for  their  proper  places,  will  disclose 
the  w hole  of  the  Gymnastics  of  Captain  Clias,  and  they  will  be 
accompanied  with  engravings  illustrative  of  tho  exercises. 

We  do  not  know  that  wc  can  add  any  thing  more  pertinent 
on  this  subject,  than  the  following  remarks,  which  ocenrrcd  in 
a periodical  publication,  which,  though  it  considered  the  book 
of  Captain  Clias  more  circumstantial,  perhaps,  than  was  abso- 
lutely necessary,  yet  admitted  that  tho  subject  was  deserving 
of  attention,  in  as  much  as  the  close  confinement  incidental  to 
the  pursuits  (as  well  as  dwellings)  of  men  who  live  in  populous 
cities,  joined  to  the  difiiculty  of  finding  convenient  fields  for  air 
and  exercise,  soon  tends  to  produce  an  indisposition  to  active 
amusements.  The  inhabitants  of  London  took  great  pains 
'to  correct  this  mischief,  two  centuries  ago,  by  especially  pro- 
moting all  such  games,  and  festivals,  and  diversions,  as  were 
calculated  to  carry  their  youth  into  tho  open  air,  and  to  induce 
habits  of  activity  and  bodily  vigour.  In  fact,  king  James  the 
First  was  himself  a great  promoter  of  Gymnastics,  as  may  be 
amply  seen  in  Strutt's  Sports  and  Pastimes  of  (he  People  of 
Ragland;  but  then  came  Oliver  Cromwell  and  his  sour-faced 
ranting  Puritans,  who  put  an  end  to  these  rational  amuse- 
ments. Let  that  pass,  and  turn  wc  to  the  advantage  of  tho 
course  which  Captain  Clias  has  established,  and  which,  too,  has 
been  fully  admitted  of  late  years  in  most  considerable  schools ; 
where  lads  are  stimulated,  and  even  compelled,  to  run,  leap, 
swim,  and  join  in  other  vigorous  and  manly  diversions ; and 
although  it  may  appear  nt  first  that  these  are  matters  to  require 
merely  encouragement  rather  than  instruction,  still  any  tiling 
like  a system  not  only  always  forms  tho  best  kind  of  encou- 
ragement, but  produces  results  far  more  rapid  and  decisive 
than  any  desultory  attention  can  do-  Therefore,  though  we 
do  not  go  the  full  length  of  Mr.  Clias’s  scheme  such  as  to  per- 
ceive the  convenience  of  teaching  “young  ladies"  to  swim,  or 
quit©  understand  what  persons  he  proposes  should  become 
their  instructors— it  is  worth  considering  whether  the  employ- 
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fng  of  their  leisure  hours  in  the  practice  of  vaulting,  run- 
ning, jumping,  and  such  vigorous  and  healthful  movements,  is 
not  likely  to  do  lads  from  fifteen  to  twenty  years  old  more  good 
than  breaking  lamps  in  the  street— (the  only  “gymnastlo’' 
exercise  at  present  in  repute)— or  making  nuisances  of  them- 
selves (more  than  need  roust  be)  in  the  passages  of  minor  thea- 
tres. The  evolutions  suggested  seem,  without  exception,  to  be 
very  simple,  safe,  and  extremely  well  calculated  to  improve 
the  various  muscular  actions  of  the  body,  particulaily  as  regards 
lads  who  are  intended  for  the  army  or  navy.  The  habit  of 
steady  firm  walking  is  of  itself  alone  an  important  acquirement ; 
running,  jumping,  and  wrestling,  are  also  taught,  and  the 
climbing  of  ropes  and  poles.  Swimming,  as  regards  London, 
could  only  be  taught  in  particular  places;  but  one  of  Mr.  Clias'g 
hints  on  the  subject— the  advantage  of  practising  constantly  in 
a light  jacket  and  trowsors — seems  not  only  to  be  very  just  as 
regards  the  circumstance  under  which  men  arc  generally  most 
peremptorily  called  upon  to  swim,  but  would  go  to  facilitate 
bathing  in  many  situations  where  it  is  now  impossible.  On  the 
general  question,  there  can  be  hut  one  opinion  as  to  the  ad- 
vantage of  using  all  exercise  which  tends  to  increase  or  develop 
the  powers  of  the  human  frame,  lu  fact,  that  which  we  call 
courage,  nineteen  times  in  twenty,  lies  merely  in  a man’s 
knowledge  of,  or  confidence  in,  his  own  faculties,  as  tho  con- 
trary feeling  as  generally  arises  from  a distrust  or  conscious- 
ness of  the  want  of  them.  There  can  be  no  reason  but  this, 
why  one  man  should  feel  quite  at  home  with  a sword  in  his 
hand,  who  finds  great  discomfort  in  boxing;  or  another  fight  a 
bull  with  all  the  pleasure  in  the  world,  who  would  not  at  all 
like  to  meet  a Thames-strect  carman.  In  tho  same  way,  it  is 
matter  of  common  observation,  the  readiness  with  which  those 
classes  accustomed  to  violent  labour  always  enter  into  per- 
sonal conflict,  because,  in  point  of  fact,  their  daily  occupation 
is  a description  of  conflict ; and  so  again  we  have  cases  every 
day  of  prise-fighters  by  profession,  whose  whole  “ fight"  lies  in 
a confidence  in  their  own  strength  and  skill;  and  who— fancy- 
ing themselves  over-matched  in  the  least  point — arc  notoriously 
not  men  of  resolution.  The  terms  of  these  teachers  of  " gym- 
nastics” ought  to  bo  very  reasonable,  both  to  bring  their  in- 
struction within  the  reach  of  the  middle  orders,  and  because  — 
boys  being  taught  in  large  classes,  which  will  bo  the  best  mode 
of  teaching  them— lessons  may  be  given  at  a low  rate,  and  the 
master  still  well  remunerated.  For  the  practice  in  itself,  wo 
are  decidedly  inclined  to  think  it  beneficial ; and  we  are  glad 
to  see  the  Government  institutions  setting  the  example  of 
giving  it  their  support. 

GYMNETRUS,  a genus  of  fishes,  of  the  order  of  thoracici, 
of  which  the  most  remarkable  species  is,  I.  Gymnctrus  ascanii, 
a native  of  the  northern  seas,  which  precedes  or  accompanies 
the  sboaLs  of  herrings,  and  is  known  by  the  title  of  king  of  the 
herrings. 

GYMNOPjfiDIA,  a kind  of  dance  established  by  Lycnr- 
gus,  and  in  use  among  the  Lacedemonians.  It  was  performed 
during  their  sacrifices,  by  young  persons,  who  appeared  in  a 
state  of  nudity,  aud,  while  dancing,  sung  a hymn  in  honour  of 
Apollo. 

GYMNOPODIA.  Among  the  ancients  this  was  a species 
of  shoe,  which  discovered  the  naked  feet  They  were  much 
worn  by  the  Grecian  women,  who  were  tcry  fond  of  them. 

GYMNOSOPH1STS,  a class  of  Indian  philosophers,  of 
great  fame  in  periods  of  remote  antiquity.  They  were  so 
denominated  from  tbeir  going  barefoot.  The  name  is  a Greek 
compound,  signifying  a sophist  who  goes  naked.  Among  their 
peculiarities,  it  is  said,  that,  on  becoming  old  and  infirm,  they 
threw  themselves  on  a pile  of  burning  wood,  to  prevent  the 
miseries  of  an  advanced  age.  Of  this  sect  was  Calamus,  who 
burned  himself  in  the  presence  of  Alexander  the  Great. 

GYMNOTUS,  or  Electrical  Eel,  is  the  name  of  a fish 
which  possesses  in  itself  the  power  of  electricity,  communicat- 
ing it  with  great  effect  to  all  conducting  bodies  that  come 
within  its  influence.  The  length  of  this  fish  is  from  three  to 
four  or  five  feet ; the  head  is  short,  and  sprinkled  with  perfo- 
rated dots;  the  body  blackish,  with  a number  of  small  annu- 
lar bends  or  wrinkle* ; nostrils  two  on  each  side,  the  first 
targe,  tubular,  and  elevated;  the  other  small,  and  not  raised 
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above  the  skin ; the  teeth  small ; tongue  broad  ; and  with  the 
palate  watery. 

GYN.ECEUM.  Among  the  ancients,  this  was  the  apart- 
ment of  the  women,  in  the  interior  of  (he  house,  where  they 
kept  themselves  retired  out  of  the  sight  of  the  men,  and  were 
employed  in  spinning.  Under  the  Roman  emperors  there  was 
a particular  establishment  of  Gynrecea,  being  a kind  of  manu- 
factories chiefly  under  the  management  of  women,  for  tho 
making  of  clothes  and  furniture  for  the  emperor's  household. 
In  imitation  of  these,  many  modern  manufactories,  particularly 
those  of  silk,  where  a number  of  females  are  associated,  are 
called  Gynaecca. 

GYN.'ECOCOSMI,  Athenian  magistrates,  in  ancient  times, 
whose  business  it  was  to  regulate  the  apparel  ol  women, 
according  to  tho  rules  of  modesty  and  decency. 

GY'N.ECOCRACY,  a form  of  government,  in  which  females 
are  eligible  to  the  supreme  command.  This  mode  of  govern- 
ment is  applicable  to  England  and  Spain,  hut  the  French  exult 
that  their  monarchy  is  not  gynnrcocratic. 

GYPSIES,  a wandering  race  of  people,  against  whom  there 
are  several  statutes,  by  which  they  arc  treated  as  rogues  and 
vagabonds. 

GYP8INB  Stone,  a name  given  by  some  writers  tn  the 
gypsum  or  fossil  substance,  of  which  the  powder  called  platter 
of  Paris , is  made  by  calcination.  In  many  parts  of  Arabia 
there  are  vast  rocks  of  this  stone.  It  resembles  alabaster,  but 
is  softer,  and  more  lax  in  texture. 

GYPSINUM  Mf.talllm.  In  the  natural  history  of  tho 
ancients,  this  w as  a name  used  for  the  common  lapis  specvlaris, 
of  which  they  frequently  made  windows,  as  wc  do  of  glass. 
By  some  it  was  called  Cyprinum  mctallum,  because  often  found 
in  the  island  of  Cyprus. 

GYPSOCHI,  a name  given  (o  artists  who  work  in  plaster. 

GYPSUM,  Sulphate  of  Lints.  Gypsum  has  probably  been 
formed  by  the  decomposition  of  iron  pyrites,  which  supplied 
the  sulphuric  acid  that  afterwards  united  with  the  subjacent 
lime.  As  a confirmation  of  this,  it  may  be  observed,  that  the 
marl  and  sand  overgspsiim,  in  many  parts  of  England,  con- 
tain a large  quantity  of  red  oxide  of  iron.  Gypsum  is  distin- 
guished from  lime  hy  its  softness  ; it  docs  not  effervesce  with 
any  acid,  being  already  saturated  with  the  sulphuric.  In  some 
instances  nativo  sulphur  is  found  intermixed  with  gypsum  ; in 
these  cases,  probably  the  sulphuric  acid  has  been  decomposed 
hy  the  presence  of  animal  or  vegetable  matter  during  the 
decomposition  of  pyrites.  Grpsum  has  been  occasionally  dis- 
covered in  primary  and  transition  mountains;  it  belongs  more 
peculiarly  to  secondary  stratified  rocks,  but  may  be  formed  in 
all  siluaiious  where  lime  and  sulphuric  acid  exist  near  to  each 
other.  Though  gypsum  rarely  contains  shells,  bones  arc  some- 
times found  in  it;  heneo  it  has  been  supposed,  that  sulphuric 
acid  destroyed  tho  traces  of  organization  in  the  former,  which 
consist  of  lime  and  carbonic  acid,  but  acted  with  less  force  on 
bones,  which  contain  phosphoric  acid. 

GYRATION,  Centre  of,  in  Mechanics.  When  any  system 
of  bodies  is  caused  to  revolve  round  a centre,  by  the  action  of 
a force  applied  at  a given  distanco,  which  remains  unchanged, 
there  will  exist  some  point,  in  which,  if  all  the  matter  be  col- 
lected, the  same  force  applied  at  the  same  distance  will  gene- 
rate the  same  angular  velocity  in  the  same  time,  as  if  the 
bodies  were  disposed  at  their  respective  distances  : this  point 
18  called  the  centre  of  Gyration. 

GYRFALCON,  in  Ornithology,  is  the  name  of  a large  and 
fierce  species  of  falcon,  called  in  English  jcrfulcoii. 

GYRINUS,  Water  Flea,  a genus  of  insects  of  the  order 
coleoptera.  Tho  insects  of  this  genus  are  found  on  the  surface 
of  waters,  on  which  they  run,  and  describe  circles  with  a great 
degree  of  swiftness;  when  attempted  to  be  taken,  they  plunge 
to  the  bottom,  drawing  after  them  a bubble  very  similar  to  a 
globule  of  quicksilver.  Eleven  species  have  been  described,  of 
which  G.  natator  only  is  found  in  Europe. 

GYROVAGI,  a name  given  to  a tribe  of  vagabond  monks, 
who  leaving  their  monasteries,  under  pretence  of  piety,  wnn- 
dered  about  from  one  religious  bouse  to  another.  Tho 
same  appellation  was  also  given  to  prints  who  left  their 
parishes. 
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II  A B 


DICTIONARY  OF  MECHANICAL  8CIBNCB. 


II  A i 


H. 


} J or  A,  the  eighth  letter  anil  sixth  consonant  in  oar  alphabet ; 
though  some  grammarians  wilt  have  it  to  he  only  an  aspiration 
or  breathing,  prouounced  by  a strong  expiration  of  the  breath 
between  the  lips,  closing,  as  it  were,  by  a gentle  motion  of  the 
lower  jaw  to  the  upper,  and  the  tongue  nearly  approaching  the 
palate.  

H,  used  as  a numeral,  denotes  2U0 ; and  with  a dash  over  it,  H, 

200,000. 

HABEAS  Corpus,  in  Law,  a writ  of  various  uses,  and  of 
different  importance.  The  most  efficacious  kind  in  all  manner 
of  illegal  confinement,  is  that  of  habeas  corpus  ad  subjiciendum. 
which  is  the  subject’s  writ  of  right,  in  ease*  where  he  is 
aggrieved  by  illegal  imprisonment,  or  any  unwanantable  exer- 
cise of  power.  By  the  statute  of  31  Charles  II.  c. 2. emphatically 
termed  the  habeas  act,  it  is  enacted,  That  on  complaint,  in 
writing,  by  or  on  behalf  of  any  person  committed  and  charged 
with  any  crime,  (unless  committed  for  felony  or  treason  ex- 
pressed in  the  warrant,  or  as  accessary,  or  on  suspicion  of 
being  accessary  before  the  fact  to  any  petit  treason  or  felony 
plainly  expressed  in  the  warrant,  or  unless  lie  he  convicted  or 
charged  in  execution  by  legal  process.)  the  lord  chancellor,  or 
any  other  of  the  twelve  judges  in  vacation,  upon  viewing  a 
copy  of  the  warrant,  or  affidavit  that  tho  copy  is  denied,  shall 
(unless  the  party  have  neglected  for  two  terms  to  apply  to  any 
court  for  his  enlargement)  award  an  habeas  corpus  for  such 
prisoner,  returnable  immediately  before  himself  or  any  other 
of  tbc  judges,  and  upon  return  made,  shall  discharge  the  party, 
if  bailable,  upon  giving  security  to  appear,  and  answer  to  the 
accusation  prefetred  against  him,  in  the  proper  court  of  judica- 
ture. That  such  writs  shall  be  indorsed,  as  granted  in  pursuance 
to  the  act,  and  signed  by  the  person  awarding  them.  That  the 
writ  shall  bo  returned,  and  the  prisoner  brought  up  within  a 
limited  time,  according  to  the  distance,  not  exceeding  in  any 
case  20  days.  That  the  officers  and  keepers  neglecting  to 
make  due  returns,  or  not  delivering  to  the  prisoner  or  bis 
agent,  within  six  hours  after  demand,  a copy  of  the  warrant  of 
commitment,  or  shifting  the  custody  of  a prisoner  from  one  to 
another,  without  sufficient  reason  or  authority,  (specified  in  the 
act,)  shall,  for  the  first  offence,  forfeit  £100,  and  for  the  second 
offence  £200,  to  tho  party  aggrieved,  and  he  disabled  to  hold  his 
office.  That  no  person,  once  delivered  by  habeas  corpus,  shall 
be  recommitted  for  the  same  offence,  on  penalty  of  £600. 
That  every  person  committing  treason  or  felony,  shall,  if  he 
require  it,  the  first  week  of  the  next  term,  or  the  first  day  of  the 
sessions  of  oyer  and  terminer,  bo  indicted  in  that  term  or 
session,  or  else  he  admitted  to  bail,  unless  the  king's  witnesses 
cannot  be  produced  at  that  time;  and  if  acquitted,  or  if  not 
indicted  and  tried  in  the  second  term  or  session,  he  shall  be 
discharged  from  his  imprisonment  for  such  inipnted  offence  ; 
bat  no  person,  after  tbc  assize  shall  open  for  tho  county  in 
which  he  is  detained,  shall  be  removed  by  habeas  corpus  till 
after  the  assizes  are  ended,  but  shall  be  left  to  tho  justice  of 
the  judges  of  assize.  That  any  soch  prisoner  may  move  for 
and  obtain  his  habeas  corpus,  as  well  out  of  the  Chancery  or 
Exchequer,  as  out  of  the  King’s  Bench  or  Common  Pleas  ; 
and  the  lord  chancellor,  or  judges,  denying  the  same  on 
sight  of  the  warrant,  on  oath  that  the  same  is  refused,  shall 
forfeit  severally  to  the  party  aggrieved  the  sum  of  £600-  That 
this  writ  of  habeas  corpus  shall  run  into  the  counties  palatine, 
cinque  ports,  and  other  privileged  places,  and  the  islands  of 
Jersey,  Guernsey,  &c.  That  no  inhabitants  of  England  (ex- 
cept persons  contracting,  or  convicts  praying  to  be  transported, 
or  having  committed  some  capital  offence  in  the  place  to  which 
they  are  sent)  shall  be  sent  prisoners  to  Scotland,  Ireland, 
Jersey,  Guernsey,  or  any  place  beyond  the  seas. 

The  writ  of  habeas  corpus  issues  out  of  the  King’s  Bench  or 
Common  Pleas,  not  only  in  term,  but  in  vacation,  by  a fiat 
from  the  chief  justice,  or  any  other  judge;  and  runs  into  all 
parts  of  the  king's  dominions.  If  it  issues  in  vacation,  it  is 
usually  returnable  before  the  judge  himself  who  awarded  it, 


and  he  proceeds  by  himself  thereon,  unless  the  term  should 
intervene,  when  it  may  be  returned  iu  court. 

To  obtain  this  writ,  application  must  be  mnde  to  the  court 
by  motion.  This  writ  may  also  be  obtained  to  remove  every 
unjust  restraint  on  personal  frerdom  iu  private  life,  though 
imposed  by  a husband  or  a father;  for  when  women  or 
infants  are  brought  up  by  habeas  corpus,  the  court  will  set 
them  free  from  an  unmerited  or  unreasonable  confinement,  and 
will  leave  them  at  liberty  to  choose  where  they  will  go. 

The  habeas  corpus  ad  faciendum  et  recipiendum  issues  only  in 
civil  cases,  and  lies  where  a person  is  sued,  and  in  gaol,  in 
some  inferior  jurisdiction,  and  is  willing  to  have  the  cause 
determined  in  some  superior  court ; in  this  rase  the  body  is  to 
he  removed  by  habeas  corpus,  but  the  proceedings  mast  bo 
removed  by  certiorari. 

Habeas  corpus  ad  respondendum,  is  where  a man  hath  a 
cause  of  action  against  one  who  is  confined  by  the  process  of 
some  inferior  court:  in  which  case,  that  writ  is  granted  to 
remove  tho  prisoner  to  answer  this  new  action  in  the  court 
above. 

Habeas  corpus  ad  deliberandum  et  recipiendum,  is  a writ 
which  lies  to  remove  a person  to  the  proper  piaco  or  county 
where  he  committed  some  criminal  offence. 

Habeas  corpus  ad  satisfaciendum  lies  after  a judgment,  when 
the  party  wishes  to  bring  up  a prisoner  to  charge  bim  in  ©xe- 
cution  in  tbe  inferior  court. 

Habeas  corpus  upon  a crpi  lies  where  (he  parly  is  taken  in 
execution  in  the  court  below. 

Habeas  corpus  ad  testificandum  lies  to  remove  a person  fo 
confinement,  in  order  to  give  his  testimony  in  a cause  de- 
pending. 

HABIT,  in  Philosophy,  an  aptitude  or  disposition  either  of 
mind  or  body,  acquired  by  a frequent  repetition  of  the  same  act. 

HACKLE,  an  implement  used  in  dressing  flax. 

H .EM  A NTH  US,  in  Botany,  blood  flower. 

HaEMATOPUS,  the  Oyster  Catcher , a genus  of  birds  of  the 
order  ^ralle,  sixteen  incites  in  length,  and  about  the  size  of  a 
crow,  is  to  be  met  with  on  almost  every  sea-shorc.  The  gene- 
ral food  of  these  birds  consists  of  sbcll-fish ; they  force  the 
limpet  from  the  rock,  and  on  perceiving  the  slightest  aperture 
of  its  shells  by  an  oyster,  they  Insert  their  bills  In  it  with 
admirable  dexterity,  and  tear  the  tenant  from  his  mansion. 

HiEMATOXYLUM.  logwood. 

HAEMATITES,  hlood-stone. 

HAEMORRHAGE,  a flux  of  blood  from  any  part  of  the  body. 

HaEMORRHAGY,  in  Medicine,  a flux  of  blood. 

HAGIOG KAPHA,  (Amos.  Holy.)  The  Jews  divide  the  Old 
Testament  into  three  parts.  1.  The  Law,  which  comprehends! 
the  five  books  of  Moses;  2.  The  Prophets;  and.  3.  The  Writ- 
ings, termed  by  them  Cetubim,  and  by  the  Greeks  Hagiographa, 
whence  the  word  has  been  introduced  into  the  English  language. 
The  Cetubim  comprehended  the  books  of  Psalms,  Proverbs, 
Job,  Daniel,  Ezra.  Nchemiah,  Chronicles,  Ruth,  Lamentations, 
Ecclesiastes,  and  Esther.  The  Hagiographa  were  distinguished 
from  the  prophecies  because  the  matter  contained  in  them  was 
not  received  by  the  way  of  prophecy,  but  simply  by  direction 
of  the  Spirit. 

HAIL,  or  Hailstones,  in  Meteorology,  an  aqueous  concre- 
tion of  irregular  form,  descending  from  the  atmosphere  like 
frozen  rain,  a scourge  that  devastates  and  even  annihilates  in 
an  hoar  tho  richest  crops.  Hailstones  are  seldom  spherical,  as 
their  size  adds  to  thoir  irregularity,  and  their  cavities  and 
angles  indicate  successive  amalgamations.  As  hail  falls  mostly 
in  summer,  this  would  be  a matter  of  surprise,  did  we  not 
know  the  cause.  Tbe  first  drops,  formed  in  the  high  regions, 
by  the  influence  of  greater  cold,  are  almost  immediately  frozen. 
In  falling,  they  traverse  humid  layers,  whose  vapours,  suddenly 
condensed  by  the  contact  of  a frozen  body,  duster  round  it  in 
concentric  coats,  and  form  a mass,  increasing  with  the  interval 
passed. 
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HAILING,  the  salutation  or  accosting  of  a ship  at  a dis- 
tance, which  is  usually  performed  with  a speaking  trumpet ; 
the  first  expression  is  ‘ hoa,  the  ship  ahoay,’  to  which  she 
answers  * holloa then  follow  the  requisite  questions  and 
replies,  &c. 

HAIR,  slender  filaments  issuing  out  of  the  pores  of  the  skins 
of  animals,  and  serving  most  of  them  as  a cohering,  but  some 
animals  in  lieu  of  hair  arc  covered  with  feathers,  wool,  and 
scales.  All  hair  appears  round,  yet  the  microscope  discovers 
square,  triangular,  and  hexagonal  hairs.  And  though  hair 
usually  appears  oo  the  external  surface  of  the  bodies  of  ani- 
mals, there  nrc  many  testimonies  corroborating  the  fact,  that, 
the  tongue,  the  heart,  the  kidneys,  8cc.  have  in  different  indi- 
viduals been  covered  with  hair. 

Human  hair  makes  a very  considerable  article  in  commerce, 
especially  since  perukes  have  been  so  generally  used.  The 
hair  of  the  growth  of  the  northern  countries  is  valued  much 
beyond  that  of  the  moie  southern  ones.  The  merit  of  good 
hair  consists  in  its  being  well  fed,  and  neither  too  coarse  nor 
too  slender.  Its  length  should  be  about  twenty-live  inches. 
Hair  is  bleached  on  the  grass  like  linen,  after  first  washing  it 
out  in  a bleaching  water,  and  may  be  dyed  of  aoy  colour. 
When  it  does  not  curl  or  buckle  naturally,  it  is  brought  to  it 
by  art,  first  boiling,  and  then  baking  it 

Hair  is  also  used  in  various  other  arts  and  manufactures  ; 
and  when  spread  aod  left  to  putrifyon  corn  lands,  proves  good 
manure.  By  an  experiment  of  Uerthollet’*,  1152  parts  of  hair 
yielded  carbonate  of  ammonia,  00  ; water,  179 ; oil,  288  ; gases, 
271  ; coal,  324  parts. 

From  numerous  experiments,  M.  Vauqoelin  infers,  that 
black  hair  is  formed  of  nine  different  substances,  namely, 
1.  An  animal  matter,  which  constitutes  the  greater  part.  2.  A 
white  concrete  oil  in  small  quantity.  3.  Another  oil  of  a gray- 
ish green  colour,  more  abundant  than  the  former.  4.  Iron,  the 
state  of  which  in  the  hair  is  uncertain.  5.  A few  particles  of 
oxide  of  manganese.  6.  Phosphate  of  lime.  7.  Carbonate  of 
lime  in  very  small  quantity.  8.  Silex,  in  a conspicuous  quan- 
tity. 9.  Lastly,  a considerable  quantity  of  sulphur.  The  same 
experiments  shew,  that  red  hair  differs  from  black  only  in  con- 
taining a red  oil  instead  of  a blackish  green  oil ; and  that 
white  hair  differs  from  both  these  only  in  tho  oil  being  nearly 
colourless,  and  in  containing  phosphate  of  magnesia,  which  is 
not  found  in  them. 

Hair  is  usually  distinguished  into  various  kinds:  the  stiffest 
and  strongest  is  called  bristles,  such  as  that  on  the  hacks  of 
swine.  When  remarkably  soft  and  pliable,  it  is  denominated 
wool,  as  that  on  sheep,  and  the  finest  of  all  is  called  down. 

Hair,  or  Doun  of  Plants , a general  terir,  expressive  of  all 
the  hairy  aud  glandular  appearances  on  the  surface  of  plants, 
10  which  they  are  supposed  by  naturalists  to  serve  the  double 
purpose  of  defensive  weapons  and  vessels  of  secretion. 

Hair's  Breadth,  a measure  of  length,  being  the  48th  part  of 
an  inch. 

HAKE,  in  Ichthyology,  the  English  name  of  the  Gadus,  with 
two  lius  on  tho  back,  and  the  under  iaw  longest.  It  grows 
above  two  feet  in  length,  but  is  the  slenderest  of  all  the  gadi. 
See  GaDUS.  the  Cod,  |>.  346. . 

HALBARD,  or  Halbert,  in  the  art  of  war,  a well  known 
weapon  carried  by  the  sergeants  of  foot,  is  a sort  of  spear,  the 
shall  of  w hich  is  about  six  feel  long.  Its  head  is  armed  with 
a steel  poiut,  edged  on  both  sides,  but  besides  this  sharp  point, 
which  is  in  a line  with  the  shaft,  there  is  a cross  piece  of  steel, 
flat  and  pointed  at  both  ends,  but  generally  with  a cutting-edge 
at  oue  extremity,  and  a bent  sharp  point  at  the  other,  so  that 
It  serves  equally  to  cut  down  or  push  withal. 

H ALE,  in  the  sea  language,  signifies  pull. 

HALF  Mark,  a noble,  or  six  shillings  and  eightpence. 

Half  Mom,  in  Fortification,  an  outwork  composed  of  two 
faces,  forming  a salient  angle,  whose  gorge  is  in  form  of  a half- 
moon. 

HALF- Pike,  a defensive  weapon,  composed  of  an  iron 
spike,  fixed  on  an  ashen  staff ; its  use  is  to  repel  the  assault 
of  boarders  in  a manner  similar  to  the  defence  of  the  charged 
bayonet  among  infantry ; heoce,  it  is  frequently  termed  a 
Bearding -Pike  i it  takes  the  epithet  of  half,  from  its  having  a 
much  shorter  staff  than  the  whole  pike. 


HALIOTIS.  in  Natural  History,  the  ear-shell.  Animal  a 
limax;  shell  univalve,  dilated,  ear-shaped,  with  a longitudinal 
row  of  orifices  along  the  surface;  spire  lateral,  anu  almost 
concealed.  There  are  nineteen  species. 

HALLEY,  Edmond,  an  eminent  English  mathematician  and 
astronomer,  was  born  in  London,  October  29,  1666 ; to  whom 
the  sciences  arc  much  indebted  for  many  important  improve- 
ments  and  discoveries. 

HALL,  in  Architecture,  a large  room  at  the  entrance  of  a 
fine  house  or  palace.  The  hall  is  properly  the  finest  as  well  as 
the  first  of  a suite  of  apartments.  In  halls,  or  saloons, 
ministers  of  state  despatch  business,  give  audience,  &e.  The 
length  of  a bail  should  be  at  least  twice  and  one-fourth  its 
breadth,  and  in  height  two-thirds  the  breadth. 

HALLIARDS,  the  ropes  or  tackles  usually  employed  to 
hoist  or  lower  any  sail  upon  its  respective  masts  or  stay,  except 
the  cross-jack  and  sprii-sail-jard,  which  are  always  fiung;  hat 
ill  small  craft  the  sprit-sail-yard  has  halliards. 

HALO,  is  an  extensive  luminous  ring,  including  a circular 
area,  in  the  centre  of  which  the  sun  or  moon  appears  ; whose 
light,  passing  through  an  intervening  cloud,  gives  rise  to  tho 
phenomenon.  Those  about  the  moon  are  most  common.  The 
following  enumeration  will  perhaps  he  more  acceptable  to  our 
readers  than  if  wc  treated  of  lunar  haloes  only. 

Corona.  When  the  sun  or  moon  is  seen  through  a thin 
cloud,  a portion  of  the  cloud,  round  the  sun  or  moon,  appears 
lighter  than  the  rest;  and  this  luminous  disc  is  called  a corona. 
They  are  of  various  sizes,  but  they  seldom  exceed  10*  in 
diameter : they  are  generally  faintly  coloured  at  their  edges. 
Frequently  when  a halo  encircles  the  moon,  a corona  sur- 
rounds it. 

Parhelia,  or  mock  suns,  vary  considerably  in  general  appear, 
ance:  sometimes  the  sun  is  encircled  by  a large  halo,  in  the 
circumference  of  which  the  mock  suns  usually  appear,  which 
have  often  small  haloes  round  them. 

The  paraselene,  the  parhelion,  and  the  several  kinds  of  hale 
and  corona,  have  all  been  considered  as  resulting  from  the 
intervention  of  clouds  between  the  spectator  aud  the  sun  or 
moon,  through  which  the  light  passes.  But  wc  must  he  moru 
philosophical.  It  is  well  known  that  the  immediate  effect  of 
the  different  refrangibility  of  light,  in  producing  colours,  is 
sometimes  spontaneously  exhibited  in  the  atmospherical  phe- 
nomena of  haloes,  parhelia,  and  paraselene  ; the  edge  nearest 
the  luminary  being  generally  reddish,  and  the  remoter  parts 
green  and  blue,  without  any  well  marked  limitation  of  the 
different  tints.  These  appearances  must  therefore  be  referred 
to  the  refraction  of  the  prismatic  crystals  of  snow,  floating  in, 
and  descending  through  the  atmosphere,  in  all  possible,  but 
especially  vertical  or  horizontal  positions,  and  sometimes, 
perhaps,  from  their  connexion  with  other  crystals,  making 
angles  of  60*  with  these  positions. 

At  Dantzic,  in  1060,  Hevclius  saw  two  fioe  paraselena : tho 
first,  March  30.  At  about  one  o’clock  in  the  morning,  the  moon 

A was  surrounded 
by  an  entire  whitish 
circle,  B C D E,  46* 
in  diameter,  in  which 
were  two  mock- 
moons  at  B D.  one 
at  each  side  of  the 
moon,  of  various 
colours,  and  emit- 
ting long  whitish 
beams.  The  tail  of 
that  on  the  left,  ex- 
tended towards  the 
thigh  of  Serpen- 
tarius ; of  that  on 
the  right,  towards 
Jupiter^  lj.  After- 
wards, at  two  o'clock,  a larger  circle,  of  90*  diameter,  sur- 
rounded the  less  one,  and  reached  to  the  horizon.  The  tops 
of  both  these  circles  were  touched  by  coloured  arches,  resem- 
bling inverted  rainbows.  The  interior  arch  at  C was  a por- 
tion of  a larger  circle  of  90*;  and  the  superior  F a portion  of  a 
lesser,  of  45*.  This  extraordinary  appearance  continued  threu 
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Lours  ; the  outwArrl  great  circle  vanished  first ; then  the  larger 
inverted  arch  at  C,  soon  afterwards  the  leaser , aod,  last  of 
all.  the  inner  circle  li  C D E. 

The  second  was  seen  on  December  17.  and  on  the  first  day 
after  the  full  moon,  at  3tX  past  sis  in  the  morning,  the  moon 
being  12*  high,  she  appeared  with  three  mock- moons  about 
her.  The  air  being  very  clear,  the  moon  lirst  appeared,  sur- 
rounded with  a double  corona,  near  her  body,  tinged  with 
very  bright  and  beautiful  colours.  On  each  side  were  two 
arches,  of  a circle 
about  tV  diameter, 
extending  down  to 
the  horizon,  and 
coloured  like  the 
rainbow ; in  which 
were  two  tuock- 
ruoons,  with  long 
white  tails ; that  on 
the  left  was  near 
Procyon,  with  a 
^shorter  tail ; the 
other  was  longer.  In 
the  upper  part,  where  these  collateral  arrhes  concurred,  was 
another  arch,  inverted,  and  various!)  coloured;  in  the  middle 
of  which  was  a third  muck-moon.  duller  than  the  others.  A 
very  extraordinary  part  of  this  appearance  was  a large,  white, 
rectangular  cross,  through  the  moon's  disk,  whose  lower  part 
reached  down  to  the  horizon,  but  on  each  side  did  not  quite 
touch  the  corona.  It  was  so  very  bright  and  stronr.  that  it 
shone  distinctly  and  clearly  till  sun-rise;  but  the  mock-moons 
disappeared  a little  before. 

During  the  time  that  the  Heel  a and  Griper  were  frozen  up 
in  the  North  Polar  ocean,  several  interesting  meteorological 
benomcna  were  witnessed.  ‘At  ten  a.  m.  Jan.  1st,  ItWO,  a 
alo,  whose  radius  was  2?  30\  with  three  parasrleme,  which 
were  very  luminous,  but  not  tinged  with  the  prismatic  colours, 
was  seen  about  the  moon  ; and  on  the  following  day  the  same 
phenomenon  occurred,  with 
the  addition  of  a vertical 
stripe  of  white  light  proceed- 
ing from  the  upper  and  lower 
limbs  of  the  moon,  and  form- 
ing, with  a part  of  the  hori- 
zontal circle  seen  before,  the 
appearance  of  a cross,  as 
shewn  in  the  accompanying  diagram. 

There  was  also  at  times  an  arc  of  another  circle  touching 
the  halo,  which  sometimes  reached  almost  to  tho  zenith,  and 
changed  the  intensity  of  its  light  very  frequently,  not  unlike 
the  aurora  borealis. 

On  the  4th  of  March  also,  at  half-past  eleven  a.  m.  a halo 
appeared  round  the  sun,  at  the  distance  of  22*  17'  from  it,  con- 
sisting of  a circle  nearly  complete,  and  strongly  prismatic. 
Three  parhelia  or  mock- 
suns  were  distinctly  seen 
upon  this  circle ; the  first 
being  directly  over  the 
sun,  and  one  on  each  side 
of  it,  and  its  own  altitude, 
as  in  the  preceding  dia- 
gram. The  prismatic  tints 
were  much  more  brilliant 
in  the  parhelia  than  in  any 
other  part  of  the  circle ; 
but  red,  yellow,  and  blue, 
were  the  colours  which 
could  be  traced,  the  first 
of  these  being  invariably 
next  the  sun.  in  all  the  phenomena  of  this  kind  that  came 
under  observation.  From  the  sun  itself  several  pencils  of 
rays  of  white  light,  continuous  hut  not  very  brilliant,  extended 
in.  various  directions  beyond  the  halo,  and  these  rays  were 
brighter  after  they  had  passed  through  the  circle,  than  they 
were  in  the  part  within  it.  This  phenomenon  continued  nearly 
two  hours.  The  aurora  borealis  was  seen  faintly  near  the 
SSW  horizon,  for  three  or  four  hours  before  midnight 


On  the  0th  of  the  same  month,  from  ten  to  eleven  a.  it.,  a 
halo  and  three  parhelia  appeared  about  the  sun.  in  every 
respect  similar  to  those  seen  and  described  on  the  4th.  About 
one  o’clock  r.  M.,  there  being  a fresh  hieecc  from  the  north- 
ward, with  some  snow-drift,  the  parhelia  le-appearcd,  being 
much  more  bright  and  prismatic  than  in  the  forenoon,  and 
accompanied  by  the  usual  halo,  which  was  nearly  complete, 
and  whose  radius  was  measured  22*  a/.  The  parhelia  a,  a, 
in  the  foregoing  figure,  on  each  side  of  the  sun.  were  at  times 
so  bright  as  to  be  painful  to  the  eye  in  looking  steadfastly  at 
them.  When  they  were  brightest,  the  light  was  nearly  white. 

HAMMER,  a well-known  tool  used  by  mechanics,  of  which 
there  are  various  sorts,  but  they  all  consist  of  an  iron  head 
fixed  crosswise  to  a handle  of  wood.  Among  blacksmiths, 
there  are  the  band-hammer,  the  uphand  sledge,  the  mboui 
sledge,  which  is  swung  over  head  with  both  aims,  &c. 

HAMMER,  A Puwirpvl  Forge.  This  hammer  is  intended 
to  be  wrought  by  one  or  more  men,  as  occasion  requires.  It  is 
well  adapted  to  the  forging  of  bricklay  ers'  trowels,  loundiog  of 
ships*  bolts,  beating  gold  or  tinfoil,  planishing  brass,  copper,  or, 
in  short,  for  any  work  in  which  a large  hammer  is  required 
upon  a simple  principle.  The  weight  of  the  hammer  is 
seventy  pounds,  yet  one  man  will  work  it  with  the  greatest  ease 
and  accuracy,  and  it  performs  tho  work  of  two  or  three  men. 
The  steel  forged  with  it  is  kept  in  excellent  tomper;  for  as  it 
does  not  require  to  be  so  often  heated  as  in  the  common  way 
of  working,  it  preserves  a high  degree  of  elasticity  and  firm- 
ness. 

This  forge  hammer  is  represented  in  the  following  engraving. 

Fig.  I,  A,  a block  of  oak,  in  which  the  hammer  acts. 

II,  the  wheel  or  nave,  in  which  the  bamiuer-handlo  C is 
fixed  ; also  the  chains  which  give  motion  to  the  hammer  by  the 
quadrant  D. 

EE,  are  the  two  levers  which  work  tho  quadrant  D. 

FF,  are  the  two  pedals  on  which  tho  man  who  works  the 
machine  treads  alternately,  holding  the  levers  EE  in  his  hands. 
When  he  treads  on  the  right  pedal  F,  he  lifts  the  hand-levers 
EE,  which  motion  raises  the  hammer  C ; when  he  treads  on  the 
loft  pedal,  he  presses  on  the  same  levers,  which  motion  lets 
fall  the  hammer. 


G,  is  a rack  which  moves  perpendicularly,  by  the  action  of  a 
strong  wooden  spring  H,  placed  in  a trough  underneath  the 
centre  of  tho  machine  ; the  rack  is  kept  close  to  the  quadrant 
K,  by  a bridge  a containing  a small  friction  roller. 

I,  an  additional  steel  spring,  fastened  to  the  ceiling  over  the 
machine,  in  order  to  assist  tho  wooden  spring  H,  when  fewer 
hands  are  at  work. 

K,  is  the  quadrant  contained  in  the  centre  of  the  oak  block 
A,  under  the  nave  B,  which  assists  in  raising  or  depressing  the 
hammer,  by  the  alternate  actions  of  the  pedals  F F. 

L,  is  a lever  fixed  on  the  axis  of  the  quadrant  K,  which,  at 
the  time  it  depresses  the  rack  G.  pulls  upon  the  hammer- 
handle  C,  by  the  chain  M,  which  adds  to  the  power  of  the  blow. 
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N O,  arc  the  two  side  levers,  to  be  worked  by  two  men,  when 
more  power  is  required. 

P P,  are  other  two  pedals,  on  which  a roan  treads  alter- 
nately, to  give  motion  to  the  hammer,  having  ao  upright  rod  or 
chain  to  each  pedal ; one  rod  is  connected  from  the  right  pedal 
P,  to  the  lever  O,  which  raises  the  hammer ; tlic  other  rod, 
from  the  left  pedal  P,  is  connected  to  the  handle  of  the  ham- 
mer C ; when  the  man  treads  upon  the  left  pedal  P,  be  acts 
upon  the  hammer  C,  and,  by  lifting  the  lever  O with  both 
hands  at  the  same  lime,  adds  double  power  to  the  blow. 

Q,  is  a wooden  spriog  or  stop,  which  prevents  the  hammer 
from  rising  too  high,  aod  accelerates  the  fall. 

R.  is  a bridle,  which  supports  the  wooden  spring  Q. 

S S,  are  two  iron  standards,  with  holes  in  each,  to  raise  or 
depress  the  said  spring. 

T,  is  a wooden  standard,  to  support  one  end  of  the  wooden 
spring  Q. 

V,  is  a tempered  steel  spring  standard,  to  support  the  ham- 
mer while  out  of  action  ; it  also  gives  ease  to  the  springs,  and 
prevents  the  beat  of  the  anvil  from  softening  the  face  of  the 
hammer. 

U.  is  a solid  block  of  oak,  on  which  the  anvil  stands. 

W,  the  anvil,  with  a hollow  dove-tail  on  the  top,  for  the 
reception  of  different  faces,  as  the  various  kinds  of  work  may 
require. 

X,  a sled  face,  dove-tailed  in  the  anvil. 

Y,  a steel  spring,  which  lies  beneath  the  hammer-handle,  but 
only  touches  it  when  the  hammer  falls ; this  spring,  when  the 
healed  metal  is  laid  upon  the  anvil,  and  in  a soft  state,  pre- 
vents the  hammer  from  falling  upon  it  with  its  full  force.  It 
gives  a recoil  to  the  hammer,  and  permits  the  workman  to 
modify  or  shorten  the  stroke  of  the  hammer  with  quickness, 
case,  and  regularity. 

7.,  a weight  hung  on  the  arm  of  the  qnadrant  K,  in  order  to 
counteract  the  power  of  the  hammer  occasionally,  when  light 
work  is  to  be  forged.  The  hammer  head  with  the  face  let 
into  it  may  be  taken  out  and  changed,  to  suit  different  kinds  of 
work. 

HAMMOCK,  a piece  of  hempen  doth,  six  feet  long  and 
three  feet  wide,  gathered  together  at  the  two  ends  by  means  of 
a clue,  and  hung  horizontally  under  the  deck,  forming  a recep- 
tacle for  a bed.  There  arc  usually  from  fourteen  to  twenty 
inches  in  breadth  allowed  between  decks  for  every  hammock 
in  a ship  of  war;  this  space,  however,  mast,  in  some  measure, 
depend  on  the  number  of  the  crew.  &c.  in  proportion  to  the 
room  of  the  vessel.  In  preparing  for  battle,  the  hammocks, 
together  with  their  contents,  are  all  (irmly  corded,  taken  upon 
deck,  and  fixed  in  various  nettings,  so  as  to  form  a barricade 
against  small  shot.  See  the  article  Engagement. 

HANAPER,  an  office  in  Chancery,  under  the  direction  of  a 
master,  whose  deputy  and  clerks  answer.  In  some  measure,  to 
the  final  among  the  Romans.  The  clerk  of  the  hanaper  receives 
all  fines  dne  to  the  king  for  seals  of  charters,  patents,  commis- 
sions. and  writs.  He  attends  also  the  keeper  of  the  seal  daily, 
in  term,  and  at  all  times  of  sealing,  and  takes  into  bis  custody 
all  sealed  charters,  patents.  See. 

HANCIIES,  in  Architecture,  are  intermediate  parts  of 
arches  between  the  crown  and  the  spring  at  the  bottom,  being 
probably  about  one-third  of  the  arch,  and  placed  nearer  the 
bottom  than  the  top.  Hanches  are  likewise  called  spandrdU. 

HAND,  a measure  of  four  inches,  or  of  the  clenched  fist  In 
Painting  and  Sculpture,  it  signifies  also  the  stjle  of  the  artist. 
— Handt  are  borne  in  coats  of  armour,  right  and  left, 
expanded  or  open ; and  a bloody  hand  in  the  centre  of  an 
escutcheon,  is  the  badge  of  a baronet  of  Great  Britain. 

Handbreadth,  a measure  of  throe  inches. 

Hand  Cuffs,  an  instrument  formed  of  two  circular  pieces  of 
iron,  each  fixed  on  a hinge  on  the  ends  of  a very  short  iron  bar, 
which  being  locked  over  the  wrists  of  a malefactor,  prevents 
his  using  his  hands. 

HANDMILLS,  are  commonly  used  for  some  colioary  pur- 
poses, as  the  grinding  of  coffee,  pepper,  and  the  like.  Some- 
times handmills  of  larger  size  are  used  to  grind  malt,  wheat, 
£tc.  and  in  such  cases  the  hand  is  generally  applied  to  a winch 
handle ; hot  the  effort  of  a man  may  be  applied  to  a lever  mov- 
ing to  and  fro  horizontally,  nearly  as  in  the  action  of  /owing  ; 
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and  this  Is  a very  advantageous  method  of  applying  human 
strenglh.  the  effort  beiog  greatly  assisted  by  the  heaviness  of 
the  man  in  leaning  back : we  shall  therefore  give  a brief  de- 
scription of  this  kind  of  mill,  which  is  represented  in  the  follow- 
ing figure.  The  vertical  shaft  E G carries  a toothed  wheel  C, 
and  a solid  wheel  F ; the  latter  being  intended  to  operate  as  a 
regulating  fly.  Upon  the  crank  A B hangs  one  end  of  an  iron 
bar  I,  the  other  end  of  which  hangs  upon  the  lever  II  K ; the 
motion  being  pretty  free  at  both  ends  of  this  bar  I.  One  end 


of  the  lever  H K hangs  upon  the  fixed  hook  K.  about  which  as 
a centre  of  motion  it  turns.  Then,  while  a man,  by  pulling  at 
the  lever  H K,  moves  the  extremity  H from  H to  N,  the  bar  I 
acting  upon  the  crank  A B,  gives  to  the  wheels  C and  P half 
a rotation  ; and  the  momentum  they  have  acquired  will  carry 
them  on,  the  man  at  the  lever  suffering  it  to  turn  back  from  N 
to  H.  while  the  other  half  of  the  rotation  of  the  wheels  is  com- 
pleted. In  like  mauner  another  sufficient  pull  at  the  lever 
H K gives  another  rotation  to  the  wheel  C.  and  so  on,  at  plea- 
sure. The  wheel  C turns  by  its  teeth  the  trundle  D,  the  spindle 
of  which  carries  the  upper  millstone. 

In  this  mill,  the  nearer  the  end  of  the  bar  I upon  the  lever 
H K is  to  the  fixed  hook  K,  the  easier,  eaterit  paribus,  will 
the  man  work  the  mill.  If  the  number  of  teeth  in  the  wheel  C 
be  six  times  the  number  of  cogs  in  the  trundle  D,  then  the 
labourer,  by  making  10  pulls  at  the  lever  H in  a minute,  will 
give  00  revolutions  to  the  upper  millstone  in  the  same  space  of 
time. 

HAND  Railing.  Hand-railing  is  the  art  of  forming  hand- 
rails by  moulds  according  to  geometrical  rules.  The  principles 
upon  which  this  art  depends,  are  that  of  cutting  a right  prism 
through  any  three  given  points  in  space,  and  that  or  forming  a 
development  of  any  portion  of  the  surface  of  the  prism. 

In  order  to  illustrate  this,  let  the  interior  surface  of  the  sur- 
rounding wall  be  that  of  an  entire  cylinder,  and  let  the  breadth 
of  the  steps  be  divided  into  the  frustums  of  equal  and  similar 
sectors,  and  let  the  heights  be  all  equal,  as  is  universally  the 
case  ; then,  if  an  interior  cylindrio  surface  be  erected  concen- 
tric with  the  wall,  and  the  ends  of  the  steps  or  surfaces  on 
which  we  tread,  and  the  planes  of  the  risers  tending  to  the  axis 
be  supposed  to  meet  the  interior  oylindric  surface,  it  is  evident 
that  if  the  portion  of  the  intercepted  surface  contained  between 
the  indented  line  formed  by  the  ends  of  the  steps,  and  the  cir- 
curoferent  line  at  the  base,  be  developed  or  stretched  out,  all 
the  points  of  the  indented  line  formed  by  the  outward  or  salient 
angles,  will  be  in  the  same  straight  line,  and  all  the  points 
formed  by  the  inward  or  re-entrant  angles  will  be  in  another 
straight  line.  It  is  also  evident,  that  this  will  not  only  be  the 
case  with  cylinders,  hut  with  cyliodroids,  and  every  other 
description  of  prism  ; that  is,  the  points  of  the  development 
of  the  indented  line  will  always  have  such  a position,  that  two 
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straight  lines  parallel  to  each  other  may  be  drawn  through  the 
whole  number  nf  points. 

The  points  of  concourse  or  the  salient  angles  arc  called  the 
nosings  of  the  steps. 

The  line  drawn  through  all  the  nosings  of  the  steps,  is 
called  the  line  of  the  nosings. 

Now  let  the  portion  of  the  cylinder  before  uncovered,  he 
again  enveloped,  the  development  in  this  state  becomes  an 
envelope,  ami  the  line  of  nosings  becomes  an  uniform  helix, 
which  would  he  the  form  of  the  rail  for  such  a stair. 

In  this  case  it  would  be  easy  to  execute  the  rail  to  any  length 
we  please,  in  equal  portions  succeeding  each  other;  for  as  the 
corvatnre  of  the  helical  line  is  every  where  the  same,  the  same 
moulds  which  are  used  in  the  formation  of  one  piece,  would 
serve  for  every  succeeding  piece* 

The  steps  placed  around  the  circular  part  are  termed  wind- 
ers ; in  these  the  risers  tend  to  the  axis  of  the  cylinder. 

Steps  which  have  their  treads  the  same  breadth,  are  termed 
flyers ; in  these  the  risers  arc  all  parallel. 

Very  few  staircases  arc  however  entirely  circular,  but  those 
of  the  scmi-circular  form,  with  winders  in  the  semi-circle,  and 
flyers  below  and  above,  are  very  numerous  ; in  such  the  lino  of 
nosings  would  be  crooked,  and  would  form  an  angle  at 
the  junction  nf  the  flyers  and  the  winders,  and  that 
round  the  semi-circle  would  be  a helix,  consisting  of  half  a 
revolution. 

In  the  development  of  the  steps,  the  line  of  nosing*  would 
consist  of  three  straight  lines,  the  two  straight  lines  through 
the  nosings  of  the  flyers  would  be  parallel  to  cacli  other,  and 
each  extremity  of  the  middle  one  would  join  one  extremity  of 
each  of  the  other  two  ; the  angles  arc  commonly  tuken  away  by 
introducing  a curve  in  their  places. 

A hand-rail,  however,  is  not  a mere  helical  line,  but  a solid, 
which  may  be  contained  between  two  concentrio  criindric  sur- 
faces, or  concentrio  prismatic  surfaces.  The  principles  are 
the  same,  w hatever  be  the  foim  of  the  plan.  A solid  erected 
upon  any  plan,  is  called  a prism  ; a cylinder  is  therefore  a 
round  prism,  and  a cylindroid  an  elliptic  prism.  A hand-rail 
may  stand  upon  a circular  base,  or  partly  circular  and  partly 
straight,  or  upon  an  entire  elliptic  base.  In  the  construction 
of  hand-rails,  all  prisms  are  excluded  which  consist  of  plain 
surfaces,  or,  w hich  is  the  same  thing,  w here  the  sides  of  the 
plan  consist  entirely  of  straight  lines,  as  in  such  cases,  the  rails 
themselves  arc  cither  straight,  or  partly  curved  and  partly 
straight  from  the  top  and  lower  sides  only,  the  sides  being  in 
vertical  places. 

We  shall  therefore  confine  ourselves  to  prisms  that  stand 
upon  a circular  base,  or  upon  an  elliptic  base,  or  upon  a base 
that  is  partly  circular  and  partly  straight,  or,  lastly,  upon  a 
base  that  is  partly  elliptical  and  partly  straight.  These  two 
last  may  he  said  to  have  compounded  bases  or  plans,  and  the 
former  two  simple  bases  or  plans ; let  us  call  such  a prism  a 
curved  prism. 

The  plan  of  any  curved  prism  is  understood  to  be  of  the 
same  breadth,  and  consequently  the  solid  erected  thereon  will 
he  every  where  of  the  same  thickness.  The  prism  may  there- 
fore he  a hollow  cylinder,  or  a hollow  cylindroid,  or  a concave 
body  partly  cytindric  and  partly  straight;  the  latter  may  he 
open  on  one  side,  and  may  have  the  four  planes  which  join  the 
curved  surfaces  parallel  to  each  other,  and  tangent  to  each  of 
the  cylindric  surfaces. 

Let  us  therefore  suppose  such  a prism  as  that  last  mentioned, 
and  let  us  suppose  it  to  bo  cut  entirely  through  its  vertical 
surfaces,  in  such  a manner  that  any  point  in  the  surface  of 
division  may  coincide  with  a straight  line  every  where  perpen- 
dicular to  the  external  prismatic  surface,  then,  every  such  line 
will  be  parallel  to  the  plane  of  its  base,  and  those  lines  in  the 
cylindrical  part  of  the  prism  will  tend  to  ibe  axis.  Now  it  is 
evident,  that  the  cut  or  dividing  surface  will  not  be  a plane, 
hut  will  wind  or  twist  between  the  cylindric  surfaces.  It  is 
also  evident,  that  tho  cut  may  pass  through  a line  drawn  in  any 
manner  we  plcavo,  in  one  of  the  prismatic  surfaces;  or,  that 
the  development  of  this  line  may  have  any  degree  of  curvature 
in  the  whole  length,  pr  in  any  portion  of  the  length,  or  may 
even  be  a straight  line.  One  of  those  being  supposed  to  b 
the  case,  let  the  upper  part  of  the  prism  be  taken  away,  then 


the  upper  surface  of  its  remaining  piirt  will  be  brought  to  view; 
let  a lino  he  drawn  on  the  exterior  aurface,  parallel  to  the 
arris,  and  another  on  the  concave  side,  paiaHel  to  its  arris; 
end  let  another  cot  or  dividing  surface  be  made  to  pass 
through  the  two  lines  lhu*  drawn,  and  let  the  npper  part  he 
removed  by  this  division,  then  the  part  thus  removed  will  farm 
a solid  helix  or  kind  of  half  screw,  which  may  hr  either  uni- 
form in  its  upper  and  lower  surfaces,  or  have  any  degree  of 
curvature  in  any  part  that  may  be  required,  according  to  tho 
development  before  mentioned.  This  is  the  farm  of  the  rail 
for  such  a stair,  but  to  form  the  solid  helix,  without  catting  it, 
from  a hollow  curved  prism,  is  the  thing  required  to  be  done 
in  hand-railing. 

Now,  seeing  that  two  of  its  tides  are  actually  cylindrical, 
and  would  bo  vertical  if  placed  in  position ; and  that  (lie  other 
two  winding  surfaces  may  be  formed  to  any  development  we 
please;  let  us  therefore  take  any  determinate  portion  of  the 
helical  solid,  as  a quarter  of  a revolution,  or  perhaps  something 
more,  as  occasion  may  require,  and  endeavour  to  farm  snch  a 
portion  or  wreath  out  of  a thin  plank,  instead  of  cutting  it 
from  a solid  curved  prism.  Before  this  cau  be  done,  it  is 
necessary  to  understand  the  principle  of  cutting  a pi  isra  through 
any  three  fixed  points  in  space,  by  a plane  passing  through 
these  points ; the  points  may  be  in  the  surface  of  the  prism 
itself,  and  may  be  either  all  in  the  concave  side,  or  all  in  the 
convex  side  ; or  pttrtly  in  the  concave  side,  and  partlv  in  the 
convex  side:— That  such  a supposition  is  possible  will  readily 
appear,  since  anv  threo  points  are  always  in  the  same  plane; 
and,  therefore,  the  plane  may  cut  the  prism  through  any  threo 
given  points. 

The  three  points  through  which  the  section  is  cat,  arc  said 
to  be  given,  when  the  seals  are  given  on  the  plane  of  the  base 
of  the  prism,  which  plane  is  understood  to  be  at  right  angles 
to  the  axis  of  the  prism,  and  when  the  distance  or  heights  from 
the  seats  to  the  points  themselves  are  given. 

It  is  always  to  be  understood,  that  the  three  seats  are  not  in 
a straight  line,  and  consequently  the  three  points  themselves 
not  in  a straight  line. 

The  seat  of  a point  in  space  on  any  plane,  is  that  point  in 
the  plane,  where  a perpendicular  drawn  thiough  the  point  in 
space,  cuts  the  plane. 

This  being  established,  we  shall  proceed  to  shew  the  best 
means  of  applying  these  principles  to  hnnd-raiiing. 

In  the  helical  solid,  tho  winding  surface  connecting  the  two 
prismatic  surfaces,  was  defined  to  be  of  such  a property,  as  to 
coincide  with  a straight  line  perpendicular  to  the  exterior  pris- 
matic surface,  and  consequently,  if  the  axis  of  the  curved 
prism  be  perpendicular  to  the  horiion,  every  such  line  will  be 
parallel  to  tho  base  ; now,  let  the  seats  of  three  sneb  lines  be 
given  on  the  plan,  vix-  let  each  extreme  boundary  be  one.  and 
let  another  be  taken  in  the  convex  side,  passing  through  ths 
point  which  would  give  the  middle  of  the  development  of  the 
said  side  of  the  plan  ; the  three  seats  would  he  terminated  by 
the  couvex  and  concave  sides  of  the  plan,  and  will  always  be 
perpendicular  to  the  convex  side,  and  equal  in  length  to  each 
other.  Let  us  call  the  three  level  lines,  of  which  their  seats 
are  given,  the  lines  of  snpport;  let  a plane  be  laid  on  the  three 
lines  of  support,  the  plane  will  either  rest  upon  three  points 
or  upon  one  of  the  said  tines  and  two  points  ; it  is  evident 
that  the  paints  which  come  in  contact  with  the  plane,  will  I* 
at  one  extremity  of  each  line  of  support ; let  each  of  these 
points  which  come  in  contact  with  the  plane  thus  posited,  be 
called  a resting  point.  The  three  resting  points  arc  the  three 
points  in  space,  through  which  the  piano  is  supposed  to  pass, 
that  cuts  the  curved  prism. 

Now,  because  that  each  line  of  support  has  two  extremities, 
there  will  he  six  extreme  points  in  all.  hut  as  only  three  ran  be 
resting  points,  unless  the  plane  coincides  with  one  of  the  tines 
of  support,  it  will  be  proper  to  shew,  which  three  of  the  six 
arc  the  resting  point*.  Let  the  plane,  thus  laid  opon  some 
three  extremities  of  the  lines  of  support,  he  coniinuen  to  inter- 
sect the  base  of  tho  curved  prism,  then  the  nearest  extremity 
of  the  seat  of  any  line  of  support  to  the  intersecting  line,  is 
the  seat  of  the  resting  point  of  that  line. 

For  this  purpose  let  a development  of  the  convex  side  of 
the  rail  be  made  according  to  the  plan  and  rise  of  the  steps. 
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Tt.e  part  of  this  development  that  is  made  to  bend  round  the 
convex  or  concave  csliiulric  surface  of  the  helical  portion  or 
wreath,  is  called  a fall  in?  mould,  which  is  supposed  to  be 
brought  to  an  equal  breadth  throughout  its  length.  Only  one 
falliug  mould  is  used  in  the  construction  of  hand-rails.  Let. 
therefore,  the  falling  mould  for  the  convex  side  be  constructed, 
and  let  two  straight  lines  be  draw  n from  the  ends  of  the  upper 
edge  of  that  part  of  the  falling  mould  corresponding  to  the 
ends  of  the  wreath,  perpendicular  to  the  base  of  tho  whole 
development ; also,  let  another  intermediate  line  be  drawn 
parallel  to  the  other  two.  so  as  to  bisect  the  part  of  the  base 
intercepted  by  the  said  two  parallels  : the  three  parallels  will 
thus  give  the  heights  of  the  three  resting  points,  the  shortest 
height  is  at  one  extreme,  and  the  longest  at  the  other.  Sup- 
pose now,  the  shortest  of  these  three  heights  taken  from  each  of 
the  three,  and  the  remainders  taken  at  heights,  instead  of  the 
whole,  then  the  height  of  the  tirsl  resting  point  will  be  nothing, 
and  will  therefore  coincide  wiili  its  seat:  then,  if  the  middle 
height  bo  less  than  half  the  length  of  the  remaining  height,  the 
seats  of  tbc  resting  points  will  be  the  first  and  second  extre- 
mities of  the  first  and  second  lines  of  support  taken  on  the 
convex  side,  and  the  extremity  of  the  thiid  on  tho  concave 
side.  Tho  first  resting  point  is  a point  in  the  intersection  of 
the  plane  of  the  base  with  the  inclined  plane. 

The  process  is  now  completely  reduced  to  that  of  finding 
the  section  of  a prism  through  three  given  points,  which 
suppose  to  be  done,  and  the  plane  of  section  will  touch  the 
supposed  wreath,  at  the  resting  points  of  each  line  of  support, 
without  cutting  the  wreath  of  any  such  line  — then,  the  three 
lines  of  support  will  be  on  the  same  side  of  the  plane,  riz,  on 
tho  under  side.  Let  us  suppose  now.  another  section  taken 
below,  and  parallel  to  the  former,  so  that  the  wreath  may  he 
just  contained  between  these  parallel  sections,  or  planes  ; the 
distance  between  the  two  sections  will  represent  the  thickness 
of  the  plank. 

The  section  of  the  prism  through  its  vertical  surfaces,  is 
called  the  rake,  or  the  rake  of  the  plan:  and  a mould  being 
cut  to  the  rake,  is  called  the  faco  mould. 

The  above  are  the  general  principles ; tbc  particulars  will  be 
best  understood  by  the  explanations  which  accompany  the 
diagrams  in  the  Plate,  and  the  following  wood  engravings. 

Let  fig.  I,  No.  I,  in  the  Plate,  be  the  plan  of  a geometrical 
stair,  with  eight  winders  in  the  semi-circle,  and  flyers  above 
and  below;  the  first  or  lower  steps  being  denoted  by  the 
scroll  a ; let  q Ip  mr  be  the  plan  of  the  part  of  the  rail  that  is 
to  be  formed  in  two  wreaths ; and  q l and  m r straight  parts  ; 
in  order  for  tho  better  securing  of  the  wreaths  to  the  straight 
parts  opposite  the  flyers. 

Let  fig.  I,  No.  2,  be  the  development  of  twelve  steps,  in- 
cluding that  of  eight  winders,  two  flyers  below  and  two  above  ; 
DB  being  the  base,  and  BC  the  height.  In  the  base  I)  B. 
No.  2.  LPM  is  the  development  of  l pm,  No.  1,  and  LD, 
M B,  the  breadths  of  two  steps  corresponding  to  the  plan-  In 
the  height  B C,  N O is  the  height  of  the  winders,  and  NB,  OC, 
each  the  height  of  two  steps  answering  to  the  flyers  at  each 
end.  DEFC,  is  tin*  line  of  nosings;  the  parts  DB,  FC,  of 
the  flyers,  being  parallel  to  each  other,  and  joined  by  the  part 
E F,  the  development  of  the  winders ; GRH,  and  I 8 K are 
curves  tanged  by  the  straight  lines  E I>,  EF,  and  FE,  FC,  at 
the  points  G,  H.  I,  K,  or  rounded  off,  as  shewn  at  No.  3.  on  a 
longer  scale,  so  as  to  form  an  agreeable  curved  line  without 
auglcs. 

The  line  GRHISK  may  be  called  the  line  of  the  rail,  being 
of  tho  same  form  as  the  line  bisecting  the  breadth  of  the  deve- 
lopment of  the  rail,  for  the  one  may  he  sopposed  to  be  every 
w here  of  the  same  height  from  that  of  tho  other,  and  therefore, 
the  lino  G KH1SK,  may  bo  conceived  to  be  the  development 
of  the  rail. 

No.  3 shews  the  manner  of  drawing  the  tanged  corves 
G R H,  and  I S K ; No.  2 the  upper  one  I S K,  being  the  same 
as  the  lower  one  G R II,  but  inverted. 

No.  2 shews  more  lines  than  are  wanted  in  practice,  in  order 
to  shew  the  connexion  between  the  development  of  the  steps, 
and  the  development  of  the  line  of  the  rail.  But,  as  the  deve- 
lopment of  the  Jinc  of  the  rail  is  all  that  is  wanted,  make  ab. 
No.  4,  equal  to  the  height  of  the  winders,  draw  ac  and  db,  at 
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right  angles  each  with  a b;  make  at  and  bf  each  rqu«l  to  the 
development  of  Ip  or  p m.  No.  I ; make  ec,  and  fd,  the  breadth 
of  a step;  draw  eg  and  dk  parallel  to  ah',  make  eganddk 
each  equal  to  tbc  height  of  a step;  join  egf  k and  ef ; make 
eh  equal  toey,  and  fi  equal  to  f k , and  draw  the  tanged  curves 
grh  and  i t A as  before;  then  grhitk,  will  he  the  line  of  the 
rail,  as  in  No.  2;  for  tf  will  be  obtained,  equal  to  EF,  No- 2; 
and  t Ig  will  be  the  section  of  a flyer  at  the  lower  rnd,  and  f dk 
the  section  of  n flier  at  the  upper  end.  The  breadth  of  the 
falling  mould,  in  common  cases,  is  about  two  inches,  therefore, 
f»u  lines  being  drawn  parallel  to  the  line  of  the  rail,  each  at  an 
inch  distance  from  it,  gives  the  complete  falling  mould  for  both 
wreaths.  Tho  two  parts  of  the  falling  mould,  as  divided  by 
ab,  are  equal  nod  similar  to  each  other,  and  would  therefore 
coincide  if  applied  together. 

Let  fig.  2,  No.  1,  be  an  enlarged  plan  of  the  rail,  of  double 
dimensions  to  No.  1,  fig.  I,  in  order  that  the  moulds  may  be 
more  exactly  obtained,  and  the  construction  more  clearly  seen. 
Let  A B C D E F G,  fig.  2,  No.  3,  he  the  plan  of  the  part  of  the 
wreath  to  be  formed,  A U being  the  seat  of  the  line  of  support 
at  the  lowest  part,  and  D E that  at  the  highest  part:  then  A is 
tho  seat  of  the  resting  point  of  the  lowest  end,  and  E that  at 
the  highest  end.  Take  the  point  C.  between  A and  D,  so  that 
C.  in  the  development  of  the  line  A11CD,  may  divide  the  said 
development  into  two  equal  parts. 

Let  A B C I>,  fig.  2,  No.  2,  he  the  development  of  the  curve 
ABC  D,  No.  3 ; the  parts  A B.  BC,  C D,  being  the  respective 
developments  of  A B.  II C,  C D,  No.  3.  In  No.  2,  draw  DK 
perpendicular  to  Dli;  and  make  D K equal  to  the  height  of 
eight  steps;  draw  KS  parallel  and  equal  to  I)  IJ : join  BS; 
produce  K 8 to  T,  and  DB  to  V;  make  NT  and  BY  each 
equal  to  the  breadth  of  a step ; draw  T U and  V W parallel  to 
I>  K ; make  T tl  and  V W equal  to  the  height  of  a step ; join 
W B.  B 8,  S U : then  W B 8 U is  the  line  of  nosings.  The 
whole  is  completed  as  in  No.  3,  fig.  1.  Draw  A \ parallel  to 
K D,  cutting  the  upper  side  of  the  falling  mould  at  X ; draw  X Z 
parallel  to  A D ; produce  K D to  Z,  and  let  K L>  cut  the  top  of 
the  rail  at  I;  through  C draw  Y J,  parallel  to  DK,  cutting 
the  top  of  tho  rail  at  J,  and  X Z at  Y ; then  Y J and  Z I,  re- 
spectively, are  the  height  of  the  resting  points,  whose  seats 
are  C and  E,  No.  3.  In  No.  2,  draw  J B parallel  to  B If, 
cutting  D K at  R.  In  No.  3,  join  tho  scats  E and  C of  the 
resting  points,  and  produce  E C to  L.  In  J R,  No.  2,  find  the 
point  O,  by  making  RO  equal  to  EC,  No.  3;  join  I O,  and 
produce  1 O to  meet  X Z at  Q.  In  No.  3,  make  E L equal 
to  ZQ,  No.  2,  and  join  A L;  through  G draw  II  K.  perpen- 
dicular to  A L,  and  produce  LA  to  H;  through  E draw  Hi 
parallel  to  L H,  cutting  H K at  I;  make  I i equal  to  Z I,  No.  2, 
and  join  H r,  and  produce  H i to  i.  To  find  any  point  in  tho 
curve  of  the  section,  take  any  point  M in  the  boundary  of  the 
plan,  and  draw  M p parallel  to  H i.  cutting  H i at  p and  H I at 
r;  draw  pm  at  right  angles  lo  Hi.  and  make  pm  equal  to 
P hi,  and  m is  a point  in  the  boundary  of  the  rake.  In  like 
manner,  let  M P eat  the  concavo  side  of  the  plan  at  N ; in 
pm  take  pn  equal  to  P N,  and  n is  a point  in  the  concave 
side.  A sufficient  number  of  points  being  thus  found,  draw 
a mixed  line,  abedef g,  through  the  whole,  and  abedefg 
is  the  figure  of  the  rake.  For  greater  accuracy  and  despatch, 
it  will  be  necessary  to  find  a point  in  the  rake  corresponding 
to  the  extremity  of  every  straight  line  in  the  plan,  ns  shewn  by 
small  letters  of  the  same  names  ns  the  capitals  on  the  plan. 
The  part  A B F G being  a parallelogram  on  the  plan  : the  cor- 
responding part  abfg,  on  the  section,  is  also  a parallelogram ; 
in  this  case  it  will  be  only  necessary  to  find  tho  points  a, g ,f, 
Join  ag  and  gf ; draw  a b parallel  to  gf,  and  fb  parallel  to  ga, 
and  the  point  b gives  the  commencement  of  the  convex  curve 
bed,  anu  the  point  f that  of  the  concave  curve.  It  remains  to 
be  shewn  that  H L,  No.  3.  is  the  intersection  of  the  plane  on 
which  the  section  of  tbc  prism  is  formed;  for  the  point  A is 
not  only  the  seat  of  the  lowest  resting  point,  but  the  resting 
point  itself.  A is  therefore  the  point  in  the  intersection  of  the 
cutting  plane.  In  No.  2,  dr«w  O a parallel  to  KZ,  cutting 
BZ  at  A : conceive  the  triangle  I Q Z to  be  removed  to  No.  3, 
so  that  the  point  Z may  be  upon  E : and  because  R O a Z is  « 
parallelogram,  a Z i*  equal  to  R O,  and  R O is  equal  to  EC 
by  construction ; therefore  the  point  a will  ull  upon  C : and 
5 T 
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bj  construction,  the  point  Q will  full  upon  L.  Conceive  tbc 
triangle,  with  its  base,  thus  coincident  with  L E,  to  be  raised 
perpendicularly  to  the  plan  ; I will  be  the  resting  point  over  B, 
and  O the  resting  point  over  C ; therefore  tho  points  I and  K 
will  be  in  the  plane  of  section,  and  consequently  be  the 
straight  line  1 O Q ; but  the  point  Q,  now  supposed  to  be  coin- 
cident with  L,  is  common  to  the  plane  of  the  base;  and  the 
plane  of  section,  Q,  is  therefore  a point  in  the  intersection  of 
the  cutting  plane  and  the  base.  The  point  A has  likewise 
been  shewn  to  be  a point  in  the  intersection;  therefore  the 
straight  line  H L,  passing  through  the  points  A and  L,  is  the 
intersection  of  the  cutting  plane  with  the  plane  of  the  base. 
The  point  L,  No.  3,  will  be  obtained  also  by  a fourth  propor- 
tional lo  I R,  I Z,  KO,  or  7.  a,  No.  1,  setting  it  from  E to  L. 

A mould  being  cut  lo  the  form  of  the  section,  ns  here  obtained, 
is  called  by  workmen,  the  face  mould,  which  wc  shall  suppose 
now  to  be  made. 

To  find  the  Thickness  of  the  Plank , out  of  which  the  Wreath  it 
to  be  cut.'—  Let  ZI,  No.  2,  cut  the  under  edge  of  the  falling 
mould  at  t,  transfer  Z«  upon  K k.  No.  3,  from  K lo  $ ; then 
tbc  nearest  distance  between  the  point  2 and  the  straight  line 
HA,  is  the  thickness  of  the  stuff  at  the  upper  joint. 

The  wreath,  when  formed  into  two  prismatic  surfaces,  and 
into  two  winding  surfaces,  is  said  to  be  squared.  This  forma- 
tion is  all  that  is  required  from  geometrical  principles.  Then, 
supposing  the  wreath  set  in  its  proper  position,  every  section 
made  by  a vertical  plane,  perpendicular  to  lire  convex  side  of 
the  plan,  will  be  a quadrilateral  with  its  two  vertical  sides 
parallel,  and  at  right  angles  to  the  upper  side,  and  at  oblique 
angles  to  the  lower  side.  This  arises  from  tbc  lop  being  so 
formed  as  to  coincide  in  every  part  with  the  line  perpendicular 
to  the  prismatic  surface  as  defined,  and  the  lower  winding  sur- 
face by  gauging  upon  each  cylindrical  surface  from  the  top. 

To  draw  the  Ibtke  on  the  Slides  qf  the  Plank,  in  order  to  plumb 
the  two  Sidet  of  the  Wreath. — bet  ABC  I),  fig.  3.  No.  1,  be  a 
development  of  three  sides  of  plank  ; let  A E.  H I),  be  the  top  ; 
RF,  G II,  the  edge  ; in  breadth  equal  to  tbc  thickness  of  the 
stuff  obtained  from  No.  3,  and  F II,  CO,  the  under  sides;  let 
the  lines  E H and  F G be  parallel  to  A II.  fig.  2,  No.  3,  in  order 
to  be  more  easily  comprehended,  (as  otlierwise.it  is  not  neces- 
sary ;)  lei  abed  e f,  on  the  top  of  the  plank,  be  the  rake  formed 
by  the  face-tnoulu,  the  pointy  being  in  the  line  II  E,  and  the 
line  g e,  making  the  same  angle  with  yEas  the  line  ge,  fig.  2. 
No.  3,  makes  with  g A.  draw  g K.  making  the  angle  H g K equal 
to  the  auglc  II  A K,  or  H t 1.  or  H p F,  fig.  2,  No.  3,  cutting  the 
arris,  6g.  3,  No.  I.  G F,  at  K,  then  the  same  mould  being  drawn 
on  the  under  side,  with  the  point  g at  K,  and  the  chord  eg 
making  the  same  angle  with  K F,  thateyr,  on  tbc  upper  side, 
makes  with  g E,  or  the  distance  of  the  point  e from  G F,  on  the 
lower  side,  equal  to  the  distance  of  the  point  e from  H E,  on 
the  upper  side.  Let  us  now  suppose  lines  drawn  in  the  above 
manner  upon  the  three  corresponding  surfaces  of  the  plank  to 
that  of  the  figure,  and  let  the  plank  be  cut  out  with  a bow  saw. 
In  the  act  of  cutting,  the  kerf  must  bo  kept  close  to  the  corre- 
sponding lines  of  each  rake,  and  the  line  of  tho  teeth  of  the  saw 
parallel  to  g K,  and  when  the  piece  of  the  wreath  is  entirely 
divestod  of  the  superfluous  wood,  the  sides  thus  formed  will  be 
plumbed. 

To  draw  the  Hake  upon  ike  Plank  in  every  Potition  to  the 
adjoining  arrit  of  the  Edge. — Let  fig.  3,  No.  2,  be  a development 
of  the  plank  as  before,  the  same  letters  referring  to  the  same 
parts.  Let  abc  d rfg  bo  the  rake  drawn  by  the  face-mould, 
the  point  g being  in  the  arris  H E,  and  the  chord  g e forming 
any  given  augle  with  the  arris  H E,  less  than  that  formed  in 
No.  1,  fig.  3,  by  the  chord  ge,  and  the  arris  H E ; find  g as  before 
from  No.  3.  In  No.  3,  draw  g t,  making  the  same  angle  with 
the  pitch  line  g A,  as  g e makes  with  g E,  in  fig.  3,  No.  2,  draw 
g L perpendicular  to  H E,  cutting  tho  lower  arris  G F in  L ; 
make  the  anglo  K L g equal  to  the  anglo  eg  I,  fig.  2,  No.  3; 
make  L g equal  to  LK;  through  g draw  M N.  parallel  to  G F ; 
then  drawing  the  rake  upon  the  lower  side  by  the  edge  of  the 
mould,  so  that  the  angle  eg  N,  on  the  said  lower  side,  may  be  J 
equal  to  the  corresponding  angle  eg  E on  the  upper  side  ; the 
tw  o sides  of  the  piece  that  is  to  form  the  wreath  may  be  plumbed 
as  before,  so  as  to  correspond  with  the  plan  when  set  to  its 
position. 


If  it  is  required  to  draw  the  rake  with  each  extremity  of  the 
concave  side  of  the  mould  in  the  arris  of  the  plank  as  in  fig.  3, 
No.  3,  it  is  only  making  the  angle  KLy  equal  to  the  auglc 
e g k,  fig.  '2,  No.  3;  the  rest  is  drawn,  and  the  plumb  side  is 
formed  in  the  same  manner  as  No.  1 and  No.  2.  fig.  3,  which 
suppose  to  be  done,  bend  the  corresponding  part  of  the  falling 
mould,  fig.  2,  No.  2,  round  the  convex  side  ol  the  piece  for  the 
wreath  ; bring  the  points  X and  J to  the  plane  at  tbc  top,  and 
draw  the  line  of  support  at  the  upper  extremity  upon  the  end 
of  the  wreath  ; now,  bring  the  upper  end  of  the  falling  mould 
close  to  the  extremity  of  the  line  of  support,  and  draw  a line 
by  the  upper  edge  of  the  falling  mould  ; cut  away  the  super- 
fluous wood  in  the  manner  before  described,  and  this  will  form 
tho  back  or  top  of  the  rail ; then  gauge  the  two  vertical  sur- 
faces to  the  same  breadth,  and  cut  the  superfluous  wood  away 
from  the  under  side ; this  portion  of  the  rail  will  then  be 
squared.  The  wreath  for  the  other  portion  above,  is  identi- 
cally of  the  same  form  ; therefore,  if  two  pieces  are  prepared 
by  the  same  moulds  and  levels,  then  supposing  one  of  these 
wreathed  pieces  to  be  set  in  its  position  for  the  lower  part,  and 
let  the  upper  part  bo  set  in  the  same  position,  and  then 
inverted,  so  that  the  top  and  bottom  ends,  and  the  upper  and 
lower  winding  surfaces,  will  have  changed  places,  but  each  of 
the  vertical  surfaces  kept  still  upon  the  same  side;  let  the 
lower  end  of  the  higher  piece  be  brought  to  contact  with  the 
higher  end  of  the  lower  piece,  that  the  two  planes  may  coincide 
and  form  a joint ; the  helical  solid  for  half  a revolution  will  be 
formed  out  of  a straight  plank,  as  required  to  be  done. 

The  two  wreathed  portions  of  a hand-rail  are  not  always 
alike,  as  in  the  preceding  example  : this  may  happen  in  diffe- 
rent ways,  as  from  one  quarter  of  the  semicircular  part  being 
divided  into  winders,  and  the  other  undivided,  or,  from  the 
rail  being  placed  higher  upon  the  winders  than  over  tire  flyers; 
but  in  whatever  way  the  variation  takes  place,  the  application 
of  the  principle  is  the  same ; it  only  requires  moulds  to  bo 
constructed  for  every  such  variation,  or  separate  part. 

The  intricacy  of  the  diagrams  constructed  upon  the  inven- 
tor's former  principles,  prevented  their  being  generally  under- 
stood. and  very  few  could  practise  with  success.  But  the 
principles  here  laid  down,  are  so  invariable  in  their  result,  so 
simple  and  expeditious  in  their  application,  and  so  easily  to  bo 
comprehended,  even  by  a moderate  capacity,  that  they  cannot 
fail  of  being  introduced  into  general  nse.  They  unite  the  requi- 
site properties  of  saving  labour  and  stuff,  the  workman  con- 
structs his  moulds  with  case,  and  has  less  superfluous  wood  to 
remove-  Tbc  edge  of  the  plank  is  kept  square,  which  entirely 
supersedes  the  bevelling,  and  is  oven  in  this  point  attended 
with  a considerable  saving  of  stuff  and  time,  as  it  allows  suffi- 
cient wood  at  the  ends  to  make  the  heading  joints,  and  as  tho 
piece  which  is  cut  out  of  the  rail  piece  from  the  hollow  side, 
may  be  turned  into  nse  ; but  if  the  edge  of  the  plank  were 
bevelled,  it  would  require  to  be  much  longer,  in  order  to  form 
the  heading  joints,  and  the  piece  cot  out  would  be  too  trifling 
to  be  employed  to  any  purpose. 

In  addition  to  the  advantages  already  enumerated,  the  work- 
man will  be  encouraged  by  the  clearness  of  the  different  stops 
of  the  process,  which  cannot  fail  of  fully  satisfying  his  ruind  as 
to  the  final  result. 

It  is  likewise  a great  accommodation,  that  any  rail  whatever 
may  be  cat  out  of  the  same  thickness  of  plank,  and  that  the 
mould  may  be  applied  in  any  direction  wnich  the  workman 
pleases  to  the  surface,  in  order  to  save  wood  or  match  the  fibres 
at  the  joint. 

The  art  of  forming  hand-rails  round  circular  or  elliptic  well- 
holes,  without  tho  use  of  a cylinder,  is  entirely  new. 

Price,  the  author  of  the  “ British  Carpenter  **  is  the  first 
person  who  seems  Lo  have  had  any  idea  of  this  art ; the  subse- 
quent writers  following  his  schemes,  which  were  very  uncertain 
in  their  application,  have  added  nothing  to  the  subject,  but 
have  even  thrown  it  into  greater  obscurity. 

The  first  successful  method  of  squaring  the  wreath  or  twist, 
was  invented  and  published  in  the  “ Carpenter's  Guide,"  in 
1792;  and  certainly  was  the  first  wherein  the  process  was  sub- 
jectod  to  any  thing  like  geometrical  principles,  from  which  the 
result  was  attended  with  success.  In  the  “ Carpenter’s  Guide,” 
(generally  called  simply  “ The  Guide,")  the  formation  of  the 
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face-mould  was  regulated  by  the  falling  mould  or  the  deve- 
lopment of  the  rail,  not  by  the  rise  and  tread  of  the  steps,  as 
shewn  by  Price  and  his  followers.  When  the  back  or  upper 
surface  of  the  rail  had  a considerable  concavity,  as  in  the  case 
of  junction  of  Dyers  and  winders,  the  consequence  of  this  regu- 
lation in  many  cases,  in  the  formation  of  the  rail,  w as  the  saving 
of  seven  or  eight  inches  in  the  thickness  of  stuff ; and  thus, 
while  the  method  laid  down  by  Price  required  a plank  from 
six  to  nine  or  ten  iuches  in  thickness,  according  to  the  degree 
of  concavity ; that  in  '*  the  Guide"  seldom  required  a plunk 
more  than  three  inches  thick,  excepting  in  small  well-boles  of 
three  or  four  inches  in  diameter. 

From  the  great  thickness  of  stuff  to  cut  through,  and  the 
quantity  to  be  taken  away,  the  time  required  to  form  the  piece 
of  wood  into  a wreath  by  Price’s  method,  must  have  hcen  at 
least  double  to  that  in  “ the  Guide,"  and  proportionally  more 
so,  as  the  thickness  of  the  plank  required  by  Price,  was  greater 
than  that  in  “ the  Guide." 

But  though  considerable  advantages  were  thus  obtained  in 
the  saving  of  stuff  and  labour,  it  must  be  observed,  that  an 
elevation  of  the  supposed  vertical  ends  of  the  twisted  piece  at 
each  joint,  and  a vertical  section  of  the  said  piece,  were 
employed  to  obtain  the  inclination  of  the  plane  of  the  face  of  the 
mould,  or  that  of  the  faces  of  the  plank  ; this  inclination  was 
only  correct  when  the  planes  of  the  faces  of  the  plank  were  at 
right  angles  with  the  chord  plnne,  or  that  passing  through  the 
chord  of  the  plan  of  the  wreath ; but  when  inclined  to  the  chord 
plane,  required  thicker  stuff,  in  proportion  to  the  degree  of 
obliquity,  whether  more  acute  or  more  obtuse. 

The  method  shewn  in  “ the  Guide,"  was  also  the  first  attempt 
to  spring  the  plank,  that  is,  to  make  its  plane  rest  upon  three 
parts  of  the  rail ; and  though  the  utmost  degree  of  perfection 
was  not  attained,  it  has  been  of  great  use  to  workmen,  as  all 
the  hand-rails  of  stairs  in  and  about  London,  and  in  most  parts 
of  England,  have  been  executed  upon  its  principles  for  upwards 
of  thirty  years. 

To  obtain  still  greater  correctness,  the  inventor  tried  another 
method,  by  setting  up  three  heights,  supposed  to  be  on  the 
surface  of  a curved  prism,  in  the  middle  of  the  rail ; but  this, 
though  still  nearer  than  that  published  in  "the  Guide,"  did  not 
give  him  entire  satisfaction  ; for  the  resting  points  being  in  the 
middle  of  the  rail,  the  plane  of  section  which  formed  the  face- 
mould  did  not  clear  nil  the  three  sections  without  cutting  into 
the  solid  of  the  wreath. 

In  the  pursuit  of  truth,  he  was  led  to  consider  what  would 
be  the  real  resting  points.  It  readily  appeared,  that  a level 
line  drawn  towards  the  axis  of  the  well-hole,  might  he  made 
to  coincide  in  every  part  with  the  top  of  the  rail;  that  if  the 
plane  of  the  top  of  the  plank  be  supposed  to  be  placed  on  three 
vertical  sections  of  the  supposed  rail  in  contact  with  a point  in 
each,  or  coincident  with  the  whole  line  of  support  of  one  of  the 
sections,  and  with  a point  in  each  of  the  other  two;  and  the 
surface  of  the  plank  thus  iucliucd  be  supposed  to  be  prolonged, 
to  intersect  the  horizontal  plane  of  the  base,  the  intersection 
would  always  point  out  the  resting  points,  and  shew  their  true 
seats  upon  the  plan.  From  this  consideration,  it  was  evident 
that  the  resting  point  of  each  section,  and  consequently  each 
seat,  was  that  extremity  of  each  section  next  to  the  intersecting 
line  of  the  plane  of  the  plank  and  that  of  the  plan. 

This  theory  being  applied  to  practice,  has  given  the  utmost 
satisfaction,  both  in  the  saving  of  stuff  and  time  ; the  diagram 
foi  the  face-mould  is  completely  divested  of  all  cross  and 
oblique  lines,  and  is,  perhaps,  in  the  most  simple  form  to  which 
it  can  possibly  be  reduced ; the  plane  of  section  comes  in  con- 
tact with  the  tops  of  three  vertical  sections  of  the  rail  in  every 
case  whatever,  and  thus  every  desideratum  is  obtained  by  the 
most  simple  means. 

Therefore,  in  practice,  if  we  suppose  the  section  of  the  rail 
tn  be  two  and  a quarter  inches  horizontally  in  breadth,  and  two 
Inches  in  thickness  (as  is  generally  the  case,)  a plank  of  two 
and  a half  inches  thick  will  be  sufficient  for  a rail,  with  any 
degree  of  concavity  or  convexity  on  the  back. 

We  shall  now  proceed  to  the  illustration  of  the  subject  by 
the  figures  which  represent  the  solids  themselves:— 

Fig.  1,  is  a plan  of  the  cylinder,  with  the  elevation  of  the 
helical  line,  which  is  found  by  dividing  the  height  into  equal 


parts,  and  the  circumference  of  the  base  Into  equal  parts  also, 
then  drawing  the  lines  through  the  points  of  division,  as  in  the 
figure. 

Fig.  2,  a representation  of  the  solid  helix  twisting  round  the 
cylinder,  making  a con- 
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tinned  rail  upon  a circu- 
lar plan  ; the  curvature  of 
the  solid  helix  is,  there- 
fore, every  where  tho 
same.  The  rail  Is  exhi- 
bited as  squared ; and 
though  it  appears  as  one 
piece,  it  must  be  under- 
stood to  consist  of  several 
wreaths,  or  lengths, screw- 
ed together,  each  length 
answering  to  a quadran- 
tal  part  of  the  plan. 

Fig.  3,  shews  the  diffe- 
rent sections  of  a hol- 
low cylinder,  cut  entirely 
through  the  curved  sur- 
face ; the  solid  exhibits  a 
portion  of  the  said  cylin- 
der contained  between 
two  parallel  planes  : No. 

),  shews  the  thickness  of 
the  section  according  to 
the  inclination  of  the  cut- 
ting plane;  No.  2,  shews 
the  section  of  a scroi- 
cylindcr ; and  No.  3,  that 
of  an  entire  cylinder,  cut 
according  to  the  position 
of  No.  1;  the  sections 
No.  2,  and  No.  3,  being 
turned  round,  so  that  the 
plane  of  section  may  he 
brought  Into  view,  in 
order  to  make  the  solid 
appear. 

Fig.  4,  exhibits  a solid 
section  of  a hollow  cylin- 
der, upon  a quadrantal 
plan,  with  a small  pait 
straight;  No-  1,  exhibits 
the  convex  side,  No.  2 
the  concave  side.  This 
figure  shews  the  state  of 
the  rail-p»cee,asprcpared 
by  the  face.mould.  and  is 
therefore  bounded  by  two 
concentric  cylindrical  surfaces,  aud  two  parallel  planes.  The 
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falling  mould  being  applied  upon  the  convex  side,  the  super- 
fluous wood  is  cut  away  according  to  a line  drawn  by  the 
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upper  edge  of  (he  filling  mould,  in  such  n manner  that  the 
block  of  (he  squure,  being  applied  upon  the  convex  side,  paral- 
lel to  the  axis,  the  under  edge  of  the  blade  may  coincide  with 
the  top  or  winding  surface  of  the  rail-picrc.  The  thickness  of 
the  rail  is  regulated  by  running  the  stem  of  a gauge  first  upon 
the  c onvex  side,  with  the  head  upon  the  top  or  winding  surface, 
and  then  the  stem  upon  the  concave  aide  in  the  same  manner, 
and  cutting  away  the  superfluous  stuff  between  the  two  gauge 
lines. 

Fig.  6,  exhibits  the  wreath,  or  rail-piece,  as  completely 
squared;  No.  (.shews  the  concave  side,  with  the  lower  end 
ol  the  back,  or  upper  surface,  and  the  higher  end  of  the  lower 
surface;  and  No.  2,  the  convex  side  of  the  cylindric  surface, 
with  tlie  upper  part  of  the  hack,  and  the  lower  part  of  the 
under  side. 

The  rail  exhibited  in  fig.  2,  is  only  a succession  of  wreaths, 
as  in  fig.  5. 

From  what  has  been  shewn,  it  will  be  easy  to  conceive  how  a 
rail  may  be  executed  to  any  given  plan,  and.  to  any  develop- 
ment of  the  steps  according  to  that  plan. 

Though  it  may  be  possible  to  make  a rail  in  one  piece,  as  in 
fig.  3,  No.  3,  such  a rail  will  hardly  ever  come  into  practice  ; 
the  representations  of  the  solid  sections,  in  Nos.  2 and  3,  are 
therefore  not  shewn  with  a view  of  being  prepared  for  a rail, 
but  to  give  a clear  view  of  the  different  parts  of  the  solid  sec- 
tions of  a hollow  cylinder. 

HANSE  Towns,  port  towns  of  Germany,  of  which  Lubcc 
and  Hamburgh  are  the  chief,  They  were  formerly  all  of  them 
lopcrial  cities,  and  confederated  for  their  mutual  defence,  and 
the  protection  of  their  trade. 

HANDSPIKE,  a wooden  bar  or  lever  to  heave  round  the 
windlass,  in  order  to  raise  the  anchor  from  the  bottom,  or  for 
stowing  the  anchor,  provisions,  or  cargo,  in  the  ship's  hold. 
The  gunner's  Handspike  is  shorter  than  the  former,  and  armed 
with  two  claws  for  managing  the  artillery. 

HANKS,  wooden  rings  fixed  upon  the  stays  to  confine  the 
stay-sails  thereto  at  different  distances  : they  are  used  in  lieu 
of  grommets,  being  much  more  convenient,  and  of  a later 
invention.  They  are  framed  by  the  bending  of  a tough  piece 
of  wood  into  the  form  of  a wreath,  and  fastened  at  the  tw  o 
ends  by  means  of  notches,  thereby  retaining  their  circular 
figure  and  elasticity. 

HARBOUR,  a place  where  ships  may  ride  safe  at  anchor, 
chiefly  used  in  speaking  of  those  secured  by  a boom  and  chain, 
and  furnished  with  a mole. 

Harbour  Master,  an  officer  appointed  to  see  that  the 
regulations  of  an  harbour  are  strictly  attended  to. 

HARD  a Lf.k,  the  situation  of  the  helm  when  it  is  pushed 
close  to  the  Ice  side  of  a ship,  in  order  to  lack,  or  keep  her 
head  to  the  wind.  Hence,  Hard  a Weather,  when  the  helm  is 
put  close  to  the  weather  side  of  the  ship  in  order  to  bear- 
nway. 

HARDNESS,  in  Physiology,  is  the  resistance  opposed  by  a 
body  to  the  separation  of  its  particles.  This  property  depends 
on  the  force  of  cohesion,  or  on  that  which  chemists  call  affinity, 
joined  to  the  arrangement  of  the  particles  to  their  figure  and 
other  circumstances. 

Hardness,  or  Rigidity,  that  qnality  in  bodies  by  which 
their  parts  so  cohere  as  not  to  yield  inward,  or  give  way  to 
an  external  impulse,  without  instantly  going  beyond  the  dis-  j 
tance  of  their  mutual  attraction  ; and  therefore  are  not  subject  J 
to  any  motion,  in  tespect  of  each  other,  without  breaking  the  ! 
body. 

HARR  See  Lf.pcs. 

HA  RIOT,  or  He  riot,  in  Law,  a due  belonging  to  a lord  at  ' 
the  death  of  his  tenant,  consisting  of  the  best  beast,  either  ox, 
horse,  or  cow,  which  he  had  at  the  time  of  his  death,  and  in 
some  manors  the  best  goods,  pieco  of  plate,  lie.  aro  called 
hanots.  There  is  both  harlot-service,  and  ha  riot-custom ; 
w hen  a tenant  holds  by  service  to  pay  a hariot  at  his  decease, 
which  is  expressly  reserved  in  the  deed  of  feofment,  this  is  a 
hariot  service:  and  where  harjots  have  hern  customarily 
paid  time  oat  of  mind  after  the  death  of  a tenant  for  life,  this 
is  termed  harlot-custom.  For  hariot-scrvice.  the  lord  may 
distrain  any  beast  belonging  to  the  tenant,  that  is  on  the  land. 
For  harlot-custom  the  lord  is  to  seise,  not  distrain ; but  he 


may  seise  the  best  beast  that  belonged  to  the  tenant,  though  it 
he  out  of  the  manor,  or  in  the  king's  highway,  because  he 
claims  it  as  his  proper  goods  by  tho  death  of  his  tenant. 
Nevertheless,  where  a woman  marries  and  dies,  the  lord 
shall  have  no  hariot-cugtom,  because  a femme  covert  has  no 
goods  to  pay  as  a hariot. 

HARMATTAN.a  wind  which  blows  periodically  from  the 
interior  parts  of  Africa  towards  tho  Atlantic  ocean.  It  pre- 
vails in  December,  January,  and  February,  and  is  generally 
accompanied  with  a fog  or  haze  that  conceals  the  * m for  w hole 
days  together.  Extreme  dryness  ia  the  rharartcri«tio  of  this 
wind;  no  dew  falls  during  its  continuance,  which  is  some- 
times for  a fortnight  or  more.  The  whole  vegetable  creation 
is  withered,  and  the  grass  becomes  at  once  like  hay.  The 
human  body  is  also  affected  by  it,  so  as  to  eause  the  skin  to 
peel  off,  but  it  stops  the  progress  of  infection,  and  cures  almost 
nil  cutaneous  diseases. 

HARMONICA,  or  Armokica,  a musical  instrument  con- 
structed with  drinking  glasses.  The  glasses  are  blown  as 
nearly  as  possible  in  the  form  of  hemispheres,  having  each  an 
open  neck  or  socket  in  the  middle.  The  diameter  of  the  largest 
glass  is  nine  inches,  and  that  of  the  smallest  three  inches ; 
between  these  are  twenty-three  different  sises,  differing  from 
each  other  a quarter  of  an  inch  in  diameter.  When  the  glasses 
are  tuned,  they  are  fixed  on  a round  spindle  of  bard  iron, 
an  inch  in  diameter  at  the  thickest  end,  and  tapering  to  a quar- 
ter of  an  inch  at  the  smallest  The  glasses  are  all  placed  within 
one  another ; tho  largest  on  the  biggest  end  of  the  spindle, 
with  the  neck  outwards  ; the  next  in  size  is  put  into  the  other, 
leaving  about  an  inch  of  its  brim  above  the  brim  of  the  first; 
and  the  others  are  put  on  in  the  same  order.  From  these 
exposed  parts  of  each  glass  the  lone  is  drawn  by  laying  a 
finger  upon  one  of  them  as  the  spindle  and  glasses  turn  round. 
The  fingers  should  he  first  soaked  in  water,  and  rubbed  occa- 
sionally with  line  rhnik,  to  make  them  catch  the  glass,  and 
bring  out  the  tone  more  readily.  The  tones  of  this  instrument 
are  incomparably  sweet  beyond  those  of  any  other,  and  when 
it  is  once  well  tuned,  it  never  again  wants  tuning. 

HARMGN1CAL  Arithmetic,  is  sometimes  used  for  the 
application  of  numbers  to  the  science  of  music. 

Harmonical  fVree.  an  ideal  curve,  into  which  a musical 
chord  is  supposed  to  be  ioflected,  w hen  put  into  such  a motion 
as  to  excite  sound. 

Harmonical  Composition,  in  a gcnrral  sense,  includes  both 
harmooy  and  melody,  i.e.  ol  music  or  songs,  both  in  a single 
part,  and  in  several  parts. 

Harmonical  Mean  and  Proportion.  See  Mean  and  Pro- 
portion. 

Harmonical  Stands,  sneb  as  always  make  a determinate 
number  of  vibrations  in  ihe  time  that  one  of  the  fundamentals, 
to  which  they  are  referred,  makes  one  vibration. 

HARMONICS,  that  part  of  music  which  considers  the 
difference*  ami  proportions  of  sounds  with  respect  to  the  acute 
and  grave:  in  contradistinction  lo  rhyme  and  metre. 

HARMONY  of  the  Spheres,  a sort  of  music  conceived  by 
ancient  philosophers,  and  supposed  to  be  produced  by  the 
sweetly-toned  motions  of  (he  heavenly  bodies. 

Harmony,  in  Musir,  the  agreeable  result  or  union  of  several 
musical  sounds  beard  at  one  and  the  same  time. 

Harmony  Figured.  Figured  harmony  is  that  in  which,  for  the 
purpose  of  melody,  one  or  more  of  the  part?  of  a composition 
move  during  the  continuance  of  a chord,  through  eertain  notes 
which  do  not  form  any  of  the  constituent  parts  of  that  chord. 

HARP,  a stringed  instrument,  consisting  of  a triangular 
frame,  and  the  cords  of  which  are  distended  in  parallel  direc- 
tions from  the  upper  parts  to  one  of  its  sides.  Its  scale  extends 
through  tire  common  compass,  and  the  strings  are  timed  by 
scmitonic  interval.  It  stands  erect,  and  when  used,  is  placed 
at  the  feet  of  the  performer,  who  produces  its  tones  by  tho  action 
of  the  thumb  and  fingers  of  both  bands  on  the  siring. 

HARPOON.  H arping-iron,  or  Harpaoo,  a spear  or  jave- 
lin, used  to  strike  the  whales  in  the  Greenland  and  South  Sea 
fisheries.  The  harpoon  is  furnished  with  a long  shank,  and 
has.  at  one  end.  a broad  and  flat  triangular  bead,  sharpened  at 
both  edges  so  as  to  penetrate  the  w hale  with  facility : to  the 
other  end  of  this  weapon  is  fastened  a long  cord  called  the 
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whale-liar,  which  lies  rare  folly  coiled  in  the  boat  in  such  a 
manner  as  to  run  out  without  being  interrupted  or  entangled. 
As  soon  as  the  boat  has  rowed  within  a competent  distance  of 
the  whale,  the  harpooner  launches  his  instrument,  (on  the  upper 
rnd  of  which,  near  the  ring,  bis  name  is  generally  engraved,) 
and  the  fish  being  wounded,  immediately  descends  under  the 
ice  with  amazing  rapidity,  carrying  the  harpoon  along  with 
him,  and  a considerable  length  of  the  line,  which  is  purposely 
let  down,  to  give  him  room  to  dive.  Being  soon  exhausted 
with  the  fatigue  and  loss  of  blood,  he  leaseends  in  order  to 
breathe,  wheie  lie  presently  expires,  and  floats  upon  the  sur- 
face of  the  water,  when  they  approach  the  carcase  by  drawing 
In  the  whale-line.  The  line  is  sixty  to  seventy  fathoms  long, 
and  made  of  the  finest  and  softest  hemp,  that  it  may  slip  the 
easier ; if  not  well  watered,  by  its  friction  against  the  boat,  it 
would  soon  be  set  on  fire  ; and  if  not  sufficiently  long,  it  would 
bo  soon  overset,  as  it  frequently  is.  With  the  harpoon  they 
also  catch  other  large  fish,  as  sturgeons,  8cc. 

HARPSICHORD,  a stringed  instrument,  consisting  of  a 
case  framed  of  mahogany  or  walnut-tree  wood,  and  containing 
the  belly  or  sounding-board  over  which  the  wires  are  distended 
supported  by  bridges.  In  the  front  the  keys  are  disposed,  the 
long  ones  of  which  are  the  naturals,  and  the  short  ones  the 
sharps  and  flats-  These  keys  being  pressed  by  the  flogers, 
their  enclosed  extremities  raise  little  upright  oblong  slips  of 
wood  called  jacks,  furnished  with  crow-quill  plectrums,  which 
atrike  the  wires.  The  great  advantage  of  the  harpsichord 
beyond  most  other  stringed  instruments,  consists  in  its  capacity 
of  sounding  many  notes  at  onco,  and  forming  those  combina- 
tions, and  performing  those  evolutions  of  harmony,  which  a 
single  instrument  cannot  command. 

HARRIOT.  Thomas,  an  eminent  English  mathematician 
and  astronomer,  was  born  at  Oxford  in  IfiGO;  who,  before  he 
was  twenty  years  of  age,  had  acquired  so  great  a reputation  for 
bis  mathematical  knowledge,  that  ho  was  appointed  preceptor 
to  Sir  Walter  Raleigh,  who  was  ever  after  his  steady  patron. 

HART'S  Hors,  the  horns  of  the  common  male  deer,  to 
which  manv  very  extraordinary  medicinal  virtues  were  attri- 
buted, and  indeed  to  nearly  all  parts  of  its  body ; hat  (he  expe- 
rience of  late  years  gives  no  countenance  to  them.  The  horns 
arc  of  nearly  the  same  nature  ns  bones,  and  the  preparations 
of  them  by  brat  arc  similar  to  those  from  solid  animal  sub- 
stances in  general.  Consequently  the  articles  denominated 
spirit  of  hurt  thorn,  and  salt  of  hartshorn,  though  formerly 
obtained  only  from  the  horns  of  different  species  of  deer,  arc 
now  chiclly  prepared  from  bones-  The  former  of  these,  which 
is  a volatile  alkali  of  very  penetrating  nature,  is  an  efficacious 
remedy  in  nervous  complaints  and  fainting-fits:  and  salt  of 
hartshorn  has  been  successfully  prescribed  in  fevers.  The 
scrapings  or  raspings  of  the  horns,  under  the  name  of  hartshorn 
shavings,  are  variously  employed  in  medicine.  Boiled  in  water, 
the  horns  of  deer  give  out  an  emollient  jelly,  which  is  said  to  he 
remarkably  nutritive.  Burnt  hart's  horn  is  employed  in  medi- 
cine. The  horns  of  the  stag  arc  nsed  by  cutlers  and  other 
mechanics  for  the  handles  of  knives  and  cutting  instruments  of 
different  kinds. 

HARVEST  Fly,  in  Zoology,  a large  four-winged  fly  of  the 
cicada  kind- 

HAT  Marino*  Huts  are  commonly  made  of  wool,  or  of  fea- 
thers, or  of  straw.  The  wooIj  of  kids,  hares,  rabbits,  and 
beavers  are  used  to  cover  the  original  material  in  all  woollen 
hats;  and  in  general  the  quality  of  the  hat  depends  on  the 
proportions  of  good  or  fine  wool  employed  in  its  manufacture. 
The  different  processes  in  hat-making  are  bowing,  hardening, 
working,  shaping,  dying,  stiffening,  steaming,  and  ironing. 

Bowing,  consists  in  teasing  or  dressing  the  wool  by  means 
of  a hand  bow  which  the  workman  twangs  with  a knobbed 
stick.  Hardening  is  merely  the  pressing  of  the  wool  so  bowed 
to  make  it  bear  handling,  by  means  of  a cloth  that  covers  the 
stuff,  and  enables  the  hatter  to  form  it  into  a conical  shape. 
Working  is  done  by  a battery,  consisting  of  a kettle  of  water 
(acidulated  with  sulphuric  acid)  and  eight  planks  of  wood  join- 
ed together,  and  meeting  in  the  kettle  at  the  middle.  The 
liquor  being  heated,  the  article  is  dipped  from  time  to  time, 
and  worked  on  the  planks  with  a roller,  and  by  rolling  it  up, 
ami  opening  it  again.  Shape  is  given  by  laying  the  conical 
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cap  on  a block,  the  size  of  the  crown  of  the  hat,  and  thus 
tying  it  round  with  a packthread,  called  a commander,  and 
afterwards  with  a piece  of  iron,  or  copper  bent  for  the  purpose, 
the  workman  gradually  drives  down  the  commander  all  around, 
till  be  has  reached  the  bottom  of  the  block,  and  the  crown  is 
formed  ; what  remains  below  the  string,  is  the  brim.  Dyeing, 
The  nap  of  the  hat  being  raised  with  a w ire  brush,  it  is  dyed  in 
a'  liquid  prepared  of  logwood,  and  green  copperas  and  blue 
vitriol,  the  sulphates  of  iron  and  copper.  The  copper  holds 
ten  or  twelve  dozen  hats,  which  are  kept  boiling  for  three-quar- 
ters of  an  hour,  when  they  are  taken  out  and  set  to  cool,  and 
returned  to  the  dye;  and  this  ten  or  twelve  times  successively. 
Stiffening  is  effected  with  beer  grounds  and  glue.  The  work- 
man has  two  boilers,  one  (he  grounds  of  strong  beer,  applied 
to  the  inside  of  the  crown,  to  prevent  the  glue  from  oozing 
through  ; another  containing  the  glue  stiffening,  applied  after 
the  beer-grounds  are  dried,  and  then  only  upon  the  lower  face 
of  the  flap,  and  the  inside  of  the  crown.  Steaming.  The  hat  is 
now  placed  on  the  stenniiug-bason,  which  is  a small  hearth,  or 
fire-place,  raised  three  feet  high,  with  an  iron  plate  over  it, 
exactly  coveting  the  hearth.  On  this  plate  the  workman  first 
spreads  cloths,  which  being  sprinkled  with  water  to  secure  the 
hat  from  burning,  it  is  placed  on  them  with  the  brim  downwards. 
When  moderately  hot,  the  workman  strikes  gently  on  the  brim 
with  the  flat  of  his  hand,  to  make  the  jointings  incorporate,  so 
as  not  to  appear.  Ironing.  The  bat  is  put  again  on  the  block, 
and  brushed  and  ironed  on  a bench,  called  the  stall-board. 
This  is  performed  with  an  iron  like  that  used  in  ironing  linen; 
which  being  rubbed  over  each  part  of  the  hat,  with  the  assist- 
ance of  the  brush,  smooths  and  gives  it  a gloss.  Tho  hat  Is 
then  lined  and  trimmed  for  sale.  These  latter  operations  are 
for  the  most  part  performed  by  women. 

HATCH,  or  Hatchway,  a square  or  oblong  opening  in  a 
ship's  deck,  farming  a passage  from  one  deck  to  another,  or 
from  the  deck  to  the  hold,  in  large  ships  there  aro  several 
hatchways,  as  the  fore , the  main,  and  the  after  hatchways.  In 
fact,  hatches  are  moveable  trap-doors. 

HATCHES,  also  denote  flood-gates  set  In  a river,  &c.  to 
stop  the  current  of  the  water. 

HATCHING,  the  maturating  fecundated  eggs,  whether  by 
the  incubation  and  warmth  of  the  parent  bird,  or  by  artificial 
beat,  so  as  to  produce  young  chickens  alive. 

Tho  art  of  hatching  chickens  by  means  of  ovens,  has  long 
been  practised  in  Egypt ; but  it  is  there  only  known  to  the 
inhabitants  of  a single  village  named  llerme,  and  to  those  that 
live  at  a small  distance  from  it.  Towards  the  begining  of 
autumn  they  scatter  themselves  all  over  the  country,  where 
each  person  among  them  is  ready  to  undertake  the  manage- 
ment of  an  oven,  each  of  which  is  of  a different  sice,  hut  in 
general  they  are  capable  of  containing  from  forty  to  fourscore 
thousand  eggs.  The  number  of  these  ovens  plared  up  and 
down  the  country  is  about  thre  hundred  and  eighty  six,  and 
they  usually  keep  them  working  for  about  six  months.  As 
therefore,  each  brood  takes  up,  in  an  oven,  as  under  a hen,  only 
twenty-one  days,  it  is  easy  in  every  one  of  them  to  hatch  eight 
different  broods  of  chickens.  Every  Bernicun  is  under  tho 
obligation  of  delivering  to  the  person  who  intrusts  him  with  an 
oven,  only  two-thirds  of  as  many  chickens  as  there  have  been 
eggs  put  under  his  care  ; and  he  is  a gainer  by  this  bargain,  as 
more  than  two-thirds  of  the  eggs  usually  produce  chickens. 
In  order  to  make  a calculation  of  the  number  of  chickens  yearly 
so  hatched  in  Egypt,  it  has  been  supposed  that  only  two- 
thirds  of  tho  eggs  are  hatched,  and  that  each  brood  consists 
of  at  least  thirty  thousand  chickens:  and  thus  it  would  appear 
that  the  ovens  of  Egypt  give  life  yearly  to  at  least  ninety-two 
millions  six  hundred  and  forty  thousand  of  these  animals  ! 

Hatching  of  Fish.  The  Chinese  batch  the  spawn  of  fish, 
by  collecting  it  on  the  margin  and  surface  of  the  water,  and 
then  filling  the  shell  of  a newly  laid  egg  with  the  gelatinous 
matter  which  contains  the  spawn.  The  hole  in  the  egg  is 
waxed  over,  and  it  is  put  under  a sitting  hen.  At  the  expira- 
tion of  a certain  number  of  days,  they  break  the  shell  in  water 
warmed  by  the  sun.  The  young  fry  are  presently  hatched, 
and  arc  kept  in  pure  fresh  water  till  they  are  large  enough  to 
be  thrown  into  the  pond  with  the  old  fish.  The  sale  of  spawn 
for  this  purpose  forms  an  important  article  of  trade  in  China. 
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HATCHMENT,  in  Heraldry,  is  the  coat  of  arms  of  a dead 
person,  usually  placed  on  the  front  of  a house,  by  which  is 
known  the  rank  of  the  deceased  person  while  living,  whether 
bachelor,  maid  ; husband,  wife;  widow,  or  widower,  &o. 

HAUL  the  Wind,  (to)  to  direct  the  ship’s  course  nearer  to 
that  point  of  the  compass  from  which  the  wind  arises:  for 
instance — suppose  a ship  sails  south-west  with  the  wind 
northerly,  and  sonic  particular  occasion  renders  it  necessary 
to  haul  the  wind  further  to  the  westward  : to  perform  this  ope- 
ration. it  is  necessary  to  arrange  the  sails  more  obliquely  wiUi 
her  keel ; to  brace  the  yards  more  forward  by  slackening  the 
starboard,  and  pulling  in  the  larboard  braces,  and  to  haul  the 
lower  streets  further  aft,  and  finally  to  pul  the  helm  aport,  1. 1. 
over  the  larboard  side  of  the  vessel.  As  soon  ns  her  head  is 
turned  directly  to  the  westward,  and  her  sails  arc  trimmed 
accordingly,  she  is  said  to  have  hauled  the  wind  four  points, 
that  is  to  say,  from  S.  W.  to  W.  She  may  still  go  two  points 
nearer  to  the  direction  of  the  wind,  by  disposing  her  sails 
according  to  the  greatest  obliauity,  or,  in  the  sea-phrase,  by 
trimming  all  sharp ; and  in  this  situation  she  is  said  to  be 
close-hauled,  as  sailing  W.  N.  W. 

HAUTBOY,  a musical  instrument  of  the  wind  kind,  shaped 
much  like  the  (lute,  only  that  it  spreads  and  widens  towards 
the  bottom,  and  is  sounded  through  a reed. 

HAW  Finch,  in  Ornithology,  the  English  name  of  a bird 
known  among  authors  by  the  name  of  coccothraustes. 

HAWKERS  and  Pedlars.  are  such  dealers  or  itinerary 
petty  chapmen  who  travel  to  different  fairs  or  towns  with  goods 
or  wares,  and  are  placed  under  the  control  of  commissioners, 
by  whom  they  are  licensed  for  that  purpose,  pursuant  to  stnt. 
H and  0 William  III.  c.  25,  and  29  Geo.  III.  c.  26.  Traders  in 
linen  and  woollen,  sending  goods  to  markets  and  fairs,  and 
selling  them  by  wholesale  ; manufacturers  selling  their  own 
manufactures,  and  makers  and  sellers  of  English  bnnc-lace, 
going  from  bouse  to  bouse,  8cc.  are  excepted  out  of  the  acts, 
and  not  to  be  taken  as  hawkers. 

HAWSE,  the  situation  of  the  cables  of  a ship  when  moored 
with  two  anchors,  one  on  each  bow.  When  tho  cables  cross 
each  other,  and  rub  together,  the  hawse  it  foul.  Hawse  Plugs 
are  thrust  into  the  hawse  holes  to  keep  out  the  water. 

HAZARD,  a game  on  dice,  without  tables.  It  is  played 
with  only  two  dice,  and  as  many  may  play  at  it  as  can  slaud 
round  the  largest  round  table. 

Two  things  arc  chiefly  to  be  observed,  viz.  main  and  chance, 
the  latter  belonging  to  tho  caster,  and  the  former,  or  main,  to 
the  other  gamesters.  There  can  be  no  main  thrown  nhove 
nine,  nor  under  five,  so  that  five,  six,  seven,  eight,  and  nine, 
are  the  only  mains  flung  at  hazard.  Chances  and  nicks  are 
from  four  to  ten;  thus,  four  is  a chance  to  nine,  five  to  eight, 
six  to  seven,  seven  to  six,  eight  to  five  ; and  nine  and  ten  a 
chance  to  five,  six,  seven,  and  eight;  in  short,  four,  five,  six, 
seven,  eight,  nine,  and  ten,  arc  chances  to  any  main,  if  any  of 
these  nick  it  not.  Now  nicks  are  cither  when  the  chance  is 
the  same  with  the  main,  ns  five  and  five,  or  the  like;  or  six  and 
twelve,  seven  and  eleven,  eight  and  twelve.  Here  observe,  that 
twelve  is  out  to  nine,  seven,  and  five;  eleven  is  out  to  nine, 
eight,  six,  and  live,  and  amcs  acc  and  deuce-ace,  are  out  to  all 
mains  whatever. 

HEAD,  an  ornamental  figure  creeled  on  the  continuation  of 
u ship's  stem,  as  being  expressive  of  her  name,  and  emblema- 
tical of  war,  navigation,  commerce,  Ac.  The  heads  which  have 
any  affinity  to  war  or  navigation,  are  in  general  either  histo- 
rical. as  referring  to  some  of  the  deities  or  heroes  of  antiquity; 
or  allegorical,  as  alluding  to  some  of  the  natural  consequences 
of  battle,  or  the  virtues  most  essential  to  life  exposed  to  per- 
petual danger.  Thus,  in  the  former  sense,  they  represent  a 
Neptune,  an  Alcides,  a Mars,  an  Achilles,  a Minerva,  or  a 
Jason;  and  in  the  latter  they  produce  a Magnanimous,  an 
Intrepid,  a Revenge,  a a Victory.  Image  heads  arc  those 
founded  on  practical  fiction,  and  should  be  bold,  warlike,  and 
classical.— such  as  Hercules  brandishing  bis  club  over  the 
heads  of  Cerberus;  Jupiter  riding  on  bis  eagle,  and  aimed 
with  his  thunders,  fitc.  Emblematic  heads  consist  of  appro- 
priate figures,— such  as  an  eagle,  denoting  dignity,  force,  and 
velocity  ; a dragon,  denoting  power,  vigilance,  &c. 

Head,  is  also  used  in  a more  enlarged  sense,  to  signify  the 


whole  front  or  forepart  of  a ship,  including  the  bows  on  each 
side ; the  head  therefore  opens  the  column  of  water  through 
which  the  ship  passes  when  advancing:  hence  we  say.  Head- 
sails , Head-wag,  Head-sea , Ike.  It  is  evident  that  the  forepart 
of  a ship  is  called  its  head,  from  the  affinity  of  motion  and 
position  it  hears  to  a fish,  and  in  general  to  the  hotiaontal  situa- 
tion of  all  animals  while  swimming. 

Thns,  fig.  1 represents  one  side  of  the  forepart  of  the  head  oi 
a 74-gun  ship,  together  with  part  of  the  bow  keel,  and  gunnel, 
which  will  be  better  understood  from  this  description : — A A, 
the  keel ; «,  a,  false  keels  ; A C,  the  stem  ; a,  a,  the  cat  head  ; 
A, b,  its  props,  or  supporter;  c, c.  the  knight  head,  or  bollard 
limber  which  secures  the  inner  end  of  the  bowsprit;  d,d,  the 
hausc  holes  ; t,  e,  the  naval  hoods ; /,  the  davit-chock  ; g , the 
bnlk  head. 


H H,  gun  ports  of  the  lower  deck ; A,  gun  ports  of  the  upper 
deck.  I,  I.  the  channel,  with  their  dead  eyes  and  chain  plate, 
i the  gripe  or  fore  foot,  which  unites  the  keel  with  the  stern, 
forming  a part  of  either. 

/»,  A,  the  decks  ; /,  tho  convexity  of  the  beams  ; m,n»,  timbers 
of  the  head  and  part  of  the  bowsprit;  X,  the  rails  of  the  head 
lying  across  the  timbers  ; Q Z,  the  forepart  of  the  main  wale ; 
R X,  forepart  of  the  channel  wale.  U C,  the  load  water  line. 

Fig.  2 represents  the  head  view  of  a ship,  with  the  projection 
of  her  principal  timbers  and  all  the  planks  laid  on  one  side. 
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HKADBORROW,  or  If  eadborouoh,  the  chief.of  the  frank 
pledge.  He  was  called  also  burrowhead,  barsholder,  third-bur- 
row, tithing- man,  chief-pledge,  or  burrow-elder.  He  is  now 
occasionally  called  a constable. 

HEALTH,  is  a right  disposition  of  the  body,  and  all  its  parts. 

HEARING.  See  Sound.  The  organ  of  hearing  is  the  ear, 
and  particularly  the  auditory  nerve  and  membrane. 

HEAT,  in  Natural  Philosophy,  is  one  of  the  effects  of  fire  or 
caloric,  indicated  by  an  increase  of  temperature,  and  the 
sensation  it  produces  on  the  organs  of  feeling.  Various  hypo- 
theses have  been  advanced,  both  by  ancient  and  modern  philo- 
sophers, to  account  for  the  phenomena  of  beat,  some  consider- 
ing it  as  a body,  sui  generis,  and  others  only  as  a quality 
common  to  all  bodies.  It  would  answer  very  little  purpose,  if 
our  limits  would  admit  of  it,  to  detail  the  various  notions  that 
have  been  advanced  on  this  subject ; we  shall,  therefore, 
merely  state  the  opinions  of  some  of  the  best  informed  philo- 
sophers amongst  the  moderns,  though  the  grand  question,  as 
to  the  materiality  of  heat,  is  not  yet  satisfactorily  determined. 
With  respect  to  the  solar  heat,  we  observe  then,  that,  by  pre- 
sent opinion,  the  sun’s  rays  are  twofold ; one  sort  emits  light, 
the  other  heat;  called  in  science  calorific  and  luminous  rays. 
This  division  of  the  solar  rays  into  calorific  and  luminous, 
established  as  it  is  upon  such  undoubted  premises,  I)r.  Thomp- 
son considers  as  nearly  patting  an  end  to  the  dispute,  by 
demonstrating  the  existence  of  caloric  as  a peculiar  substance  ; 
at  least  it  is  putting  it  upon  the  same  footing  in  this  respect 
as  light,  the  materiality  of  which  is  not  disputed  by  many  who 
argue  on  the  other  side  with  regard  to  heat  The  greatest 
degrees  of  heat  which  arc  koown,  have  been  produced  by  con- 
centrating the  solar  rays  with  a mirror,  or  lens,  or  by  supply- 
ing a blow-pipe  with  oxygen  gas.  The  greatest  degree  of  cold 
known  to  have  been  produced,  has  been  obtained  by  mixing 
snow  with  certain  salts,  as  muriat  of  lime.  If  this  be  mixed 
with  dr y,  light  snow,  and  stirred  well  together,  the  cold  pro- 
duced will  be  so  intense,  as  to  freeze  mercury  in  a few  minutes. 
Salt  and  snow  also  prodace  a great  degree  of  cold. 

Heat  Animat.  The  temperaturo  which  animals,  and  even 
vegetables,  maintain  during  life,  above  that  of  surrounding 
objects,  is  a very  striking  phenomenon.  By  general  analogies, 
it  has  frequently  been  referred  to  the  process  of  combustion ; 
and  from  facts  more  distinctly  pointed,  the  doctrine,  that  it 
depends  upon  the  absorption  of  oxygen,  has  been  advanced  by 
modern  chemists.  It  has,  however,  been  found,  by  actual  expe- 
riment, that  the  lungs  of  animals  arc  usually  tho  coldest  part  of 
tho  body;  and  bence  it  has  been  doubted  whether  the  above 
theory  was  correct,  and  recourse  has  been  had  to  the  supposi- 
tion, that  animal  heat  was  the  effect  of  electiicity. 

Heat,  in  Geography,  the  diversity  of  beat  of  climates  and 
seasons  arising  chiefly  from  the  different  angles  under  which 
the  sun’s  rays  strike  upon  the  surface  of  the  earth.  The  differ- 
ent degrees  of  beat  and  cold  in  different  places  depend,  how- 
ever, in  a very  great  measure,  upon  the  accidonts  of  situation 
with  regard  to  mountains  and  valleys,  and  the  soil. 

The  following  table  of  the  heat  of  different  climates  is  com- 
puted for  every  tenth  degree  of  latitude,  to  the  equinoctial 
and  tropical  sun  ; by  which  an  estimate  may  be  made  of 
the  Intermediate  degrees. 


1 Lai. 

San  in  Aria*  and 
Libra. 

San  in  Cancer. 

Sun  in  Capricorn. 

j 0 

20000 

18341 

18841 

f R> 

10696 

90280 

15864 

i 20 

18707 

21737 

13166 

| 30 

17321 

22661 

10124 

40 

16321 

23048 

(3041 

60 

12865 

22001 

3708 

60 

10000 

22773 

1076 

70 

6840 

23543 

000 

80 

3473 

24673 

000 

0 

0000 

25065 

000 

Intent  Heat,  is  a phrase  used  by  Dr.  Black,  arising  from 
the  discovery  that  a largo  portion  of  heat  sometimes  dis- 


appears, or  is  absorbed  by  a body,  without  any  increase  of 
temperature.  This  commonly  happens  when  a body  from  a 
solid  becomes  liquid,  or  from  a liquid  becomes  aeriform  ; and 
sometimes,  when  two  bodies  of  the  same  temperature  combine*, 
a great  degree  of  cold  is  produced ; but  when  a due  portion  of 
heat  is  acquired  from  the  surrounding  bodies,  the  temperature 
is  restored.  The  heat  which  disappears  in  these  cases  is  what 
is  called  talent  point.  See  Evaporation. 

HEATH.  See  Erica. 

HEAVEN,  in  the  Ancient  Astronomy,  denoted  an  orb  or 
circular  region  of  the  ethereal  heaven.  The  .ancient  astrono- 
mers assumed  as  many  different  heavens  as  they  observed 
different  celestial  motions.  These  they  supposed  10  be  all 
solid,  as  thinking  they  could  not  otherwise  sustain  the  bodies 
fixed  in  them  ; and  spherical,  that  being  the  most  proper  form 
for  motion.  Thus  they  havo  seven  heavens  for  the  seven 
planets,  tho  Moon,  Mercury,  Venus,  the  Sun,  Mars.  Jupiter, 
and  Saturn.  The  eighth  was  the  fixed  stars,  which  was  par- 
ticularly denominated  the  firmament.  Ptolemy  adds  a ninth 
heaven,  which  lie  calls  the  primum  mobile:  after  him  two  crys- 
talline heavens  were  added  by  Alphonso,  king  of  Castile,  to 
account  for  some  irregularities  in  tho  motions  of  the  other 
heavens:  and,  lastly,  an  empyroan  heaven  was  drawn  over  tho 
whole,  for  the  residence  of  the  Deity  ; which  made,  in  all, 
twelve  heavens.  But  others  admitted  many  more  heavens, 
according  as  their  different  views  and  hypotheses  required  ; 
Eudoxus  supposed  23,  Regiuiuontanus  33,  Aristotle  47,  and 
Fracaster  no  less  than  70. 

HEAVINESS,  in  general  the  same  with  Gravity  and  Weight, 

ILEDERA,  or  Ivy,  a genus  of  the  prntAndria  tnonngynin 
class  and  order.  Natural  order  of  hedcracca*.  Caprifolia, 
Jussieu.  There  are  six  species,  with  several  varieties.  The 
roots  of  the  helix  or  ivy  are  used  by  leather-cutlers  to  whet 
their  knives  upon.  Apricots  and  peaches  covered  with  ivy 
during  the  month  of  February,  have  been  observed  to  bear 
fruit  plentifully.  The  leaves  havo  a nauseous  taste;  they  are 
given  to  children  in  Germany,  as  a specific  for  the  atrupby. 
The  common  people  of  England  apply  them  to  issues  ; and  an 
ointment  made  from  them  is  in  great  esteem  among  tho  High- 
landers of  Scotland  as  a ready  care  for  burns.  Hones  and 
sheep  cat  the  plant ; goats  and  cows  refuse  it. 

HEDGES,  in  agriculture,  are  cither  planted  to  make  icnces 
round  enclosures,  or  to  divide  the  several  parts  of  a garden. 
When  designed  as  outward  fences,  they  are  planted  either 
with  haw'thorn,  crabs,  or  blackthorn  ; but  for  gardenj,  some 
prefer  evergreens,  in  which  case  the  holly  is  best,  next  the 
yew,  then  the  laurel,  laurustiuus,  phillyrea,  6cc. ; others  prefer 
the  beech,  the  hornbeum,  and  the  elm. 

HEDY5ARUM,  in  Botany,  a genus  of  the  Diarlclphia 
Dccandria  class  and  order.  Natural  order  of  Papilionacew 
or  Lcguminoga*.  Essential  character : corolla  keel  transversely 
obtuse ; legume  jointed,  with  one  seed  in  each  joint.  There 
arc  ninety  species,  only  one  of  which  is  a native  of  Great 
Britain ; ri>.,  H.  onobryebis  saintfoln,  or  cockshead,  and  but 
ten  which  arc  natives  of  Europe.  Most  of  tfiesc  arc  poicnninl. 

HEGIRA,  in  Chronology,  signifies  the  epoch  or  account  of 
lime  used  by  the  Mahometans,  who  begin  their  computation 
from  the  day  that  Mahomet  was  obliged  to  abandon  the  city  of 
Mecca,  July  16,  022.  The  years  of  the  hegira  arc  lunar  ones, 
of  361  days ; and  thereforo  to  reduce  these  to  the  Julian  Calen- 
dar, we  must  multiply  the  years  of  the  hegira  by  354,  and 
divide  the  product  by  366}  ; to  which  add  022,  the  date  at 
which  this  epoch  commenced,  and  the  result  will  be  the  Julian 
year  required. 

HEIGHTS  and  Distances,  The  Mensuration  a/.  In  the 
mensuration  of  heights  and  distances,  instruments  of  various 
kinds  are  used  for  determining  angles,  and  the  distances 
between  remote  and  inaccessible  objects.  The  fittest  instru- 
ment for  taking  vertical  or  horizontal  arty  leg,  is  a theodolite,  fur- 
nished with  a compass  and  level,  one  or  two  telescopes,  and  a 
vertical  arc.  Angles  oblique  to  the  horizon  may  be  taken  with 
a Hadley's  quadrant  or  sextant,  and  then  reduced  by  calculation 
to  their  projection  on  the  horizontal  plane.  Angles,  both  Aert- 
zortal  and  vertical,  may  also  be  taken  with  Hadley’s  quadrant ; 
observing,  that  in  near  objects  the  quadrant  is  to  be  adjusted  to 
the  direct  object;  and  that,  in  taking  vertical  angles  with  it,  on 
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artificial  horizon  should  ho  used,  and  the  image  of  the  object, 
reflected  from  the  glasses  of  the  quadrant,  brought  to  coincide 
with  that  in  the  artificial  horizon.  Sec  Theodolite  and 
Quadrant.  Sea  Altitude,  from  pages  28  to  31. 

Bases  or  distances  may  bo  measured  with  Gunter  s chain,  or 
the  common  50  feet  tapes , or  poles,  or  rods,  of  a convenient 
length,  and  formed  of  such  matter  as  is  least  liable  to  contract 
or  expand  in  length,  during  the  measurement-  The  use  of 
instruments  is  best  acquired  under  the  direction  of  a person 
practically  acquainted  with  their  application  and  several 
adjustments. 

Problem  I. — 7o find  the  height  of  an  accessible  object.— Rule. 
Measure  the  distance  between  the  bottom  of  the  object,  and 
any  convenient  station,  on  the  same  horizontal  plane ; and  at 
that  station  observe  the  angle  of  elevation.  Then  say,  As 
radius  is  to  the  tangent  of  the  angle  of  elevation,  so  is  the 
horizontal  distance  to  the  height  of  the  object  above  the  hori- 
zontal plane  passing  through  the  eye  of  the  observer,  to  which 
the  height  of  the  eye  being  added,  the  sum  will  be  the  bright  of 
the  object.  See  Probs.  1 and  4,  Altitude. 

Example. — Let  the  horizontal  distance  AB  (fig.  1)  he  200 
feet,  and  the  angle  nf  elevation  CUE  37°  35',  the  height  of  the 
eye  being  5 feet ; what  is  the  height  of  the  object  B C * 

As  radius  = T.  45°  = 10*0000000 

To  tangent  C D E = 37°  35'  = 0-8802878 

So  is  distance  A II  = 200  = 2 301(000 


To  the  height  C E = 153  92  = 2 1873178 

Add  height  of  the  eye  = 5* 

Height  of  the  object  B C = 158*92 

Remarks.  1.  In  measuring  heights,  the  station  of  the  observer 
should  be  choscu  so,  that  the  angle  of  clevatiou  may  be  as  near 
to  46°  as  possible,  because  the  less  error  in  the  altitude  will 
arise  from  an  error  in  the  angle,  the  nearer  the  angle  is  to  45°. 
2.  When  the  angle  of  elevation  is  45°,  the  height  above  the 
plane  of  the  eye  will  be  cqnal  to  the  distance ; when  the  angle 
Is  26°  34',  the  height  will  be  equal  to  half  the  distance,  and 
when  the  angle  is  30^,  the  height  will  be  equal  to  half  the 
hypotenuse. 

The  angle  of  depression  F C D is  = the  angle  of  elevation 
E9C,  for  they  are  alternate  angles,  and  F C is  parallel  to  D E. 

Fig . I.  Fig.  2. 


Problem  2. — To  find  the  height  of  an  inaccessible  object — Rule. 
Let  C D (fig.  2)  represent  the  object  of  which  the  height  is  to 
be  found  ; at  any  two  convenient  stations  A and  B,  in  the  same 
vertical  plane  with  C I>,  observe  the  uncles  of  elevation  D A C, 
DBC,  and  measure  the  distance  A B.  Then,  because  the 
exterior  angle  D B C is  equal  to  the  two  interior  angles  B 1>  A, 
DAB;  if  I)  A II  be  subtracted  from  D 11C,  the  angle  BDA 
will  remain.  Now,  in  the  triangle  D A B,  as  sine  I)  is  to  sine 
A.  so  is  A B to  B D : and  in  the  triangle  D B C,  as  sine  C (rad.) 
to  sine  B,  so  is  BD  to  C D.  See  Probs.  I and  5,  Altitude, 
where,  in  fact,  these  two  problems  are  given  ; and  their  intro- 
duction here  is  defensible  on  no  other  ground  than  the  Alpha- 
betical Title  of  our  work,  for  we  abjure  repetition  as  needless 
waste  of  our  own  property. 


48°  — 20°  45'  = 21°  15  — A D B. 


To  find  B D. 

; S.ADB=  21°  l.V-9 5692338  : 
: g,DAB=  ‘HP  45,=0fi&33076  : 
: : A B = 209=2-3010300  : 


7*0  find  C D 

S.C  = 90° =10.  ('00000 

S,DBC  = 48°=  9 8719735 

: 11D  =248*37=  2 3961937 


; BD 


= 248-37  =2  3961037, 


.CD 


= 184  57=  2*20017  <2 


Height  of  the  eye  = 5- 

Height  of  the  tower  = 189  57  feet. 

The  operation  may  be  performed  rather  more  concisely,  as 
follows : To  the  sines  of  the  observed  angles  of  elevation  a<!d 
the  co-secant  of  the  difference  between  these  angles,  and  the 
logarithm  of  the  distance  between  the  stations  A and  B,  the  sum, 
rejecting  30  from  the  index,  will  be  the  logarithm  of  the  height 
of  the  object. 

Problem  3.— Giren  the  angles  of  elevation  of  any  distant  object, 
taken  at  three  places  in  a horizontal  straight  line,  which  does  not 
pass  through  the  point  directlg  below  the  object ; ami  the  respective 
distances  between  the  stations  ; to  find  the  height  of  the  object,  and 
its  distance  from  either  station. 

Let  ARC  (lig.  3)  be  the  horizontal  plane,  K O the  perpen- 
dicular height  of  the  object  O above  that  plane,  A,  H,  C,  tfce 

three  places  of  ob- 
servation. OAK, 
O B E.  O C E,  the 
respective  angles  of 
elevation,  and  A B, 
BC,  the  given  dis- 
tances. Since  the 
triangles  A E O, 
BBO,  C BO,  are 
all  right-angled  at 
E.  the  distances  AB, 
B E.  C E,  will  evi- 
dently be  as  the  co- 
tangents of  the  an- 
gles of  elevation  at 
A,  B.  C.  respective- 
ly Now  the  point 
E may  be  determin- 
ed, so  that  those 

Construction. — Find  A D,  DC,  thus.  Cot  B : Cot  C ::  AB  : 
A D,  and  Cot  B : Cot  A : : BC  ; CD.  Make  the  triangle 
ADC,  about  which  describe  a circle.  Join  D B,  and  produce 
it  till  it  meet  the  circle  in  E,  the  point  in  the  horizontal  plane 
perpendicularly  below  O or,  the  point  E may  be  found  with- 
out describing  the  circle,  thus;  Having  found  AD,  CD,  as 
before,  and  msde  the  triangle  ADC,  join  D B,  and  draw  A E 
so  that  the  angle  E A C may  be  equal  to  the  angle  B D C ; then 
will  A E meet  B D produced  iu  E. 

Solution. — In  the  triangle  Av-D.of  which  the  three  sides  are 
known.  And  the  antic  C A D.  Again,  in  the  triangle  A B D,  of 
which  the  sides  A B.  A D.  and  the  included  angle  BAD  are 
known,  find  the  side  B D.  Then,  because  the  triangles  BD  C, 
BA  E,  ure  similar,  mid  also  the  triangles  BDA,  BCE.  as 
B D : C D ; ; AB;  A E ; also,  B D : A B : : B C : B E. 
and  BD  ; AD  : ; BC  ; C E.  Lastly,  Radius  ; Tan.  angle 
of  elevation  at  A,  B,  or  C : : the  distance  of  E from  that  sta- 
tion : the  height  (E  O)  required. 

Example.— Three  observers.  A,  B,  C.  in  a straight  line,  take, 
at  the  same  instant,  on  a signal,  the  altitude  of  a balloon.  A 
finds  it  15°,  B IK3,  and  C 20°;  also,  B is  1000  yards  from  A, 
and  C 1500  yards  from  B;  the  perpendicular  hoight  of  the 
balloon  ia  required  ! 

To  find  the  line  A D.  To  find  the  list*  C D. 


Example.— The  angle  of  elevation  of  a tower  at  a station  on 
the  same  horizontal  plane  was  48°,  and  at  another  station,  on 
a level  with  the  former,  and  200  feet  farther  ou*  in  the  same 
direction,  the  angle  of  elevation  was  26°  4.V,  the  height  ot  the 
eye  being  6 feet ; what  was  the  height  of  the  tower! 


: Cot  B=  18° 

= 0*4882240 

; Cot  U=  18° 

= 0 4882240 

. Cot  C = 20 0 

= 0 4389341 

: Cot  A=  15° 

= 0 6719475 

. ; A B = 1000 

= 3-  000000 

::  BC=  1500 

= 3 17  GOO  13 

: A D = 892-700 

= 2-9507101 

: CD  =1816  925=  3 2598148 
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To  find  the  angle  CAD. 

A C = MOO  log.  .1*70400 

AD  = 802*709  2 9SO7101 


CD  = 1818*925  6*0480501 


3)5211*634  13*6513499 

2605*17  log.  3'4ISD4:» 

186*892  2*8949151 


16°  33*  32!* 
3 


19*9632089 
9 9s  16044 


B A + AD 


33°  r 4*  = the  angle  CAD. 
To  find  the  line  B D. 


= 1892*709  = 3*2770839 


II  A — AD  = 107*291  = 2*0305633 

T«og.  1 (D  + B)  = 73'*  26"  28"  = 10*5267586 

Tang.  I (D  — B —.10°  47'  38*  = 9*2802380 


The  angle  A B D = 62°  OS'  50 
Ilcnce,  Sine  L A B D : Sine  B A D : : A B : B D. 
t.  e.  : S,A  B D = 02*  38"  60*  = 09485080 

: S,B  AD—  ar  7'  4'  — 973748m 
: : A I)  = 892*709  = 2 9507101 


= 549*139  = 2*7384825 


To  find  A E. 

: B D = 2 7396826 


C D = 3*2598148 
A B = 3*00000000| 


To  find  E O. 

Rad.  sine  90*  = 10-0000000 


: Tariff.  16*  = 9 4280626 

::AE  = 3 5201323 


: A E — 3312-32  = 3 6201325  | : E O = 887  53  = 2 9481848 

Problem  4.— -To  find  the  distance  of  an  inaccessible  object. 
fig.  4.— Let  C bo  f.  J 

any  inaccessible  '* 

object,  and  A, 

B.  points  from 
which  the  dis- 
tance of  that  ob- 
ject is  to  be 
found.  Measure 
the  distance  All, 
and  obsenre  the 
unifies  B A C, 

ABC.  Then  sine 

C : siue  B : : B A : A C ; and,  sine  C : sine  A : : A B : B C. 

Example.— Let  the  angle  A be  80*  62',  the  angle  B 78*  47*. 
and  the  base  A B 10.110  feet;  what  is  the  distance  between  A 
and  C f Here  by  the  Rule. 

S Sine  Z.  C = 14*  21'  = 9*3941794 

: Sine  Z.  B = 78  47  = 9 9910241 

::  AIJ=  10,110  = 4 0017512 

: AC  rt  40012-5  = 4-6021959 

or,  A C is  7 miles  4 fur.  137  yards  lb  feet. 

The  distances  AC,  B C, 
fig.  6,  may  be  determined 
without  the  aid  of  an  instru- 
ment to  measure  the  angles, 
thus  Continue  C A,  C B,  to 
any  two  points  F.  O,  and 
measure  A B,  A F.  AG,  BF 
BG;  then  the  three  sides  of 
the  triangles  A B G.  B A F, 
being  known,  the  angles  AB  G 
and  H A F may  he  found,  and 
oousequcntly  their  supple- 
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Fig.  5- 


Fig.  6. 


menta  C B A,  CAB;  from 
which  compute  AC,  DC,  by 
the  rule.  The  perpendicular 
distance  DC  may  be  found 
thus : — Calculate  either  side 
« AC  by  the  rule,  then  from 
A C and  tbe  adjacent  angle 
A, find  DC. 

Or,  produce  C A to  F,  fig.  6, 
C B to  G ; measure  off  AO  = 
A B,  and  trace  O F parallel  to 
B G ; then  tbe  triangle  O F A 
is  equal  and  similar  to  the  triangle  ACB.  Consequently,  If 
from  the  vertex  F wo  trace  a line  F K perpendicular  to  AO; 
this  new  line  KF  = CD. 

Problem  6.—  To  find  the  distance  between  tiro  objects  (A  and  B), 
the  distance  of  each  from  a third  object  (C)  being  Anoint,  and  aUo 
the  angle  ( C)  at  that  object  which  the  required  distance  subtends. 
Rule . Let  AC,  BC,  and  tbe  angle  AC  B be  given  (fig.  7)  from 
these  data,  it  is  plain  that  A B 
Fig.  7.  may  be  found  by  the  rule  for 

the  second  case  of  Plane  Tri- 
gonometry ; or,  A B = (AC* 
-f  B C»  — 2 A C.  B C.  cos.  C.) 

Example.— In  order  to  de- 
termine tbe  distance  between 
two  bonnes  A and  B,  which 
could  not  be  done  by  direct 
measurement,  I measured  the 
distance  of  each  of  them  from 
a point  C,  viz.  A C = 600  yards,  B C 700  yards,  then  at  C,  I 
took  the  angle  ACB=  66°  12*.  Required  the  distance  A B ? 
j BC  + AC  = 1300  = 31130434 

J BC-AC  = 100  = 2-0000000 

: : Tan  4 (A  + B)  = 61°  6P  = 10-272-1992 

; Tan*  (A—  B)  = 8°  IP  62*  = 


91665558 


A = 70“  ^62* 

: 8,  A = = 9 9732549 

: S.C  = 66  12  = 9-9196929 

: : B C = 700  = 2 8450960 


; A B = 618  C3  = 2 7014360 
or  A B = J (600*  + 700*  — 1200  X 700  X *666206)  = 
618  63  yards. 

Remark. — If  the  lines  measured  from  A and  B to  C be  con- 
tinued beyond  C,  till  the  parts  of  them  beyond  C be  equal  to 
AC,  B C,  ilirn  w ill  the  distance  between  tho  extremities  of  tbe 
lines  so  continued,  be  equal  to  that  between  A aud  B,  without 
calculation. 

Problem  C.  — To  find  the  distance  between  two  inaccessible 
objects.-  Rule.  Let  C and  D(fig.  8)  be  two  inaccessible  objects. 


Fig.  8. 


the  distance  between  which  is 
required.  Measure  any  base 
A li ; nt  A find  the  angles 
CAD,  DAB,  and  at  U find 
the  angles  A D C,  C B 1).  In 
the  triangle  A B C,  in  which 
the  angles  and  the  side  \ B 
are  given,  find  C B ; in  like 
manner, in  the  triangle  A B I), 
Gnd  B D.  Then  in  the  triangle 
C B D,  of  which  tbe  sides  C B, 
B D,  and  the  included  angle 


A B 

C B D,  are  given,  find  tbe  side  C D. 

Example.— Let  C and  D be  two  houses  on  the  further  side  of 
a river;  required  their  distance,  from  the  following  data.  vix. 
A B = 1000  links,  the  angle  CAD  = 42*  46',  D A B = 64*  12* 
A B C = 67*  33\  and  C B D = 60*  19  / 

1.  In  A B C,  to  find  B C.  ft.  ft  AB  D,  fo  find  B D. 

S,C  = 26*30'  = 9*6339844 1 : S,D  = 17*6</  = 9 4884240 


S,A  = 96*57*  = 9996797! 
AB  = 1000  = 3 0000000] 


BC  =2305-75  = 3 3628127 
5 X 


8,  A = 64*  IS'  = 9*9090650 
; A B = 1000  = 34)000000 

BD  =2634*09  = 3*4206310 
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3.  In  C R D,  <0  find  «m  angle  C D. 

BD-f  li  C S 4939-84  = 3 0937129 

BD—  nc  = 328  34  = 25103238 

Tan  \ (C  ■+  D)  = 64*  M 30*  = 10  3282913 


Tan  * (C  — D)  = 8*  3*  18*  = 8 1508 122 

BCD  = 72*  63'  48* 

: S,C  = 72*  53'  48*  = 0*9803501 


: S,B  = 50*  19*  = 

::BD=  2634*00  = 34206310 


: CD  = 2120*96  = 3*3266317 

2120  96  links. 

In  like  manner,  the  distances,  taken  two  and  two.  between 
any  number  of  remote  objects  placed  around  a base  line,  may 
be  determined. 

Problem  8. — Given  the  distances  between  three  objects  (A,  B,  C.) 
and  the  annular  distances  between  these  objects  at  a station  (SI  in 
the  same  plane,  to  find  the  distance  between  that  station  and  each  of 
the  objects. 

Of  this  problem  there  arc  several  cases. 

Case  I.  When  the  station  S is  without  the  triangle  ABC, 
fig-  9. 

Construction . Make  the  tri-  Fig.  9. 

angle  ABC;  at  A.  make  the 
angle  D All  r the  given  angle 
I)SB  or  CSB;  at  B,  make 
the  angle  ABI)  = A S C or 
A S D.  Then  through  the  points 
A,  U,  D,  describe  a circle  ; join 
D C,  and  produce  it  till  itmcct 
the  circle  in  S,  the  station  of 
the  observer;  and  join  SA, 

S B. 

Solution.  In  the  triangle 
A 1)  C,  of  which  the  three  sides 
arc  known,  find  the  angle 
B A C.  In  the  triangle  A B J>,  of  which  the  angles  and  the  side 
A li  are  known,  find  the  side  A I).  In  the  triangle  CAD,  of 
which  two  sides  AC,  AD,  and  the  included  angle  CAD  are 
known,  find  the  anglo  A C D.  In  the  triangle  A S C,  of  which 
the  angles  and  the  side  A C are  known,  find  the  sides  5 A, 
SC.  And  in  the  triangle  AS  B,  of  which  the  angles  and  the 
side  A B are  known,  find  S B. 

Case  2.  When  the  station  $ is  within  the  triangle  ABC,  as 
in  fig.  19. 

Construction.  Make  the  tri- 
angle ABC;  make  the  angles 
BA  D,  A B D equal  to  the  sup- 
plements of  the  given  angles 
BSC,  A S C,  respectively. 

Through  tho  points  A,  B,  D, 
describe  a circle  ; join  D C,  D 
which  will  cut  the  circle  in  S, 
the  station  of  the  observer. 

Solution.  This  case  is  calcu- 
lated in  the  same  manner  as 
the  last. 

Case  3.  When  the  three  ob- 
jects are  in  one  straight  line, 
as  in  fig.  11. 

Construction.  This  case  Is 
constructed  in  the  same  man- 
ner as  Case  1. 

Solution . In  the  triangle 
ADC,  of  which  the  angles 
and  the  side  A C are  known, 
find  A D.  In  the  triangle 
A B D,  of  which  the  sides 
A IJ,  A D,  and  the  included 
angle  11  A I)  are  known,  find 
the  angle  A B D SBC; 
the  supplement  of  which  ABS 


Fig.  10. 


Fig.  11. 


Fig.  12. 


Fig.  13. 


” DBC,  In  the  triangle 
A II S,  of  which  the  angles 
and  the  side  A B are  known, 
find  S A,  SB.  And  in  the 
triangle  A S C,  of  which  the 
angles  and  A C arc  known,  or 
in  the  triangle  11  S C.  of  which 
the  angles  and  U C are  known, 
find  S C. 

Case  4-  When  the  station  S 
is  in  ooo  of  the  sides  of  the 
triangle,  or  in  one  of  the  sides 
produced,  as  in  figs.  12  and 
13. 

Solution.  Find  the  angle 
B A C from  the  three  sides. 
Then,  when  S is  situate  aj  in 
fig.  13,  the  angles  of  the 
triangle  A S C,  and  the  side 
A C,  are  given  to  find  C S, 
A S,  and  consequently  B S. 
And  when  S is  situate  as  in 
fig.  12,  lha  angles  of  the  tri- 
angle SAB,  and  the  side 
A B,  are  given  to  find  BS, 
A S,  and  consequently  C S. 
Example  1. — There  are  three  objects  A,  U,  C,  (fig.  9)  the  dis- 
tances of  which  from  one  another  are  as  follows: — A D = 424, 
AC  = 213,  and  BC  ~ 262  yards ; I desire  to  know  my  dis- 
tance from  each  of  these  objects  at  a station  S without  the 
triangle  ABC,  where  I observed  tho  angle  ASC  to  be  = 
13*  30\  and  B S C = 29*  60'  » 


A B = 424 
AC  = 213 


BC  = 262 


log. 

log. 


2*6*273650 

2-3283796 


2)809 
449*5 
187  5 


16  0442646 
2 6527*297 
2-27300131 


2)19  9609866 
14°  58'  33*  cos.  9*98490*27 
2 


2.  In  A B D to  find  A D. 

• : S,D  = 136*  40'  = 9 8364771 

: S,B  = 13*  30'  rr  9 3681863 

; ; A B = 424  = 2*0273659 


AD=  144*236=  2*1590741 


29°  571  6*  = BAC 

3,  In  A C D to  find  the  angle  C. 


= 2 6629552 


S AC+AD  = 357  236 
: A C — A D = 68*761 
: ; Tan  | (D  + C)  = W O'  27* 

: Tan  { (D  — C)  = 18*  307  47*  = 9*5*248504 


= 1*8373611 

= 10*2404446 


C = 41*36'  4*  = supplement  of  the 
angle  ACS,  and  also  the  exterior  angle  of  the  triangle 
ASC;  whence,  180*—  A C D = ACS,  and  ACD  - 
ASC  = CAS- 


4.  In  A S B to  find  B S. 
S,S  = 43*  20'  = 0*8364771 


S.A  =68*  2' 46*=  9 9286387 
: A B = 424  = 2 0273660 


B S = 5*24  236  = 2 7196275 


5.  In  A C S to  find  A S and  C S. 
: S,S=  13*  3C Y =9*3681853 

: S,C=  1 38*  24'  20*  =9.8220724 
::  A €=213-  =2  3286796 

: A 8=605*712 
: S,S=13*30' 

: S,  A=28*5'  40* 


AC=2I3* 

: CS=  429*682 


=2*7822667 

=0*3681853 

=9*6729530 

=2*3283796 


=2*6331473 


Example  2. —There  are  three  objects  A,  B,  C,  fig.  9,  the 
distances  of  which  from  one  another  are  as  follows  : — A B = 
314  yards,  AC“  280  yards,  and  B C = 326  ; how  far  am  I 
from  each  of  these  objects  at  a station  S without  Ibc  triangle 

• Tbo  Mgl*  A B D »•  equal  lo  lb*  nlmorred  angt*  ASC,  thoy 

•t*u<l  ob  tfai  hw  uc  AD,  (EueL  iii.  21 ;)  for  (be  tamo  reaaoa  HAD* 
BSC. 
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ABC,  where  I observed  the  angle  A S C to  be  = 25*  4?,  and 
BS  C =z  23*  tf  * 

2.  The  distances  between  three  objects  A,  B,  C,  (fig.  10.)  are 
ns  follows A B =z  26?  yards,  AC  =340,  and  B C zz  209  ; 
and  the  angles  at  a point  (S)  within  the  triangle  ABC,  sub- 
tended by  those  distances,  are  12#*  40*.  140*,  and  91*  re- 
spectively ; wbat  is  the  distance  of  the  point  S from  each  of  the 
objects ! 

3.  If  the  three  objects.  A,  B,  C,  as  seen  from  S,  be  situate 
as  in  fig.  12,  and  A B be  zz  1224  chains,  BC  = 736  chains, 
A C zz  81*8  chains,  and  the  angle  S zz  22*  44'  40*.  Required 
the  distances  S A,  8 B,  and  S C ! 

4.  If  the  three  objects,  A,  B,  C,  as  seen  from  S,  be  situate  as 
in  fig.  13,  and  ABbc=  122*4  chains,  BC  = 73*6,  AC  = 81*9, 
and  the  angle  ASC  = 1 10*.  Required  the  distances  S A,  S B, 
SC! 


5.  If  the  three  objects,  A,  B,  C,  as  seen  from  S,  be  situate  as 
in  fig.  11,  and  A B be  zz  2650  yards,  AC  = 7000  yards,  the 
angles  A S B = 26*  16',  and  B S C zz  36*  30'.  Required  the 
distances  S A,  8 B,  S C ! 

Problem  0. —To find  the  Pittance  of  the  risible  harison,  fig.  14. — 


Fiy.  14. 


Rule  1.  To  the  diameter  of 
the  earth  add  the  height  of  the 
eye,  and  to  the  logarithm  of 
the  sum  add  the  logarithm  of 
the  height  of  the  eye  *,  then 
will  half  the  sum  be  the 
logarithm  of  the  tangent  B A, 
which  is  nearly  the  same  with 
the  are  D A,  the  distance 
required. 

Rule  2.  To  half  the  loga- 
rith  of  the  height  of  the  eye, 
add  3*8104601,  and  the  sum 

will  be  the  logarithm  of  the  distance  required  in  feet,  nearly. 

Example, — Let  the  height  of  the  eye  be  100  feet.  Required 
the  distance  of  the  visible  horizon ! 


By  Rule  1. 

Diameter  of  the  earth  -+-  100  zz  41,776,460  feet  log.  7*0200213 

Height  of  the  eye = 100  feet  log.  2 0000000 

2 ) 9 6209*213 

Distance  required  n 64633*9  feet  log.  4*8104608 

By  R%Je  2. 

Constant  logarithm  “ 3 8104601 

Half  the  logarithm  of  100  = 1*0000000 

Distance  required  zz  61633  0 zz  4*8104601 


HEIR,  in  Law,  the  person  who  succeeds  another,  by  descent, 
to  lands,  tenements,  or  hereditaments. 

Htta,  Apparent,  is  a person  so  called,  in  the  lifetime  of  his 
ancestor,  at  whose  death  he  is  heir  at  law.  See  Apparent. 

Heir  Presumptive,  is  one  who,  if  the  ancestor  should  die 
immediately,  would,  in  the  present  circumstances  of  things,  be 
heir:  hut  whose  right  may  be  defeated  by  some  nearer  heir 
being  born. 

Heir  I Atoms,  in  Law,  are  such  goods  and  personal  chattels, 
as,  contrary  to  the  nature  of  chattels,  shall  goby  speeial  custom 
to  the  heir. 

IIBLIACAL,  as  applied  to  the  rising  of  a star,  planet,  &c. 
denotes  its  emerging  ont  of  the  sun's  rays,  in  which  it  was 
before  hid.  When  applied  to  the  setting  of  a star,  it  denotes 
the  entering  or  immerging  into  the  sun's  rays,  and  thus  becom- 
ing lost  in  the  lustre  of  his  beams.  A star  rises  heliacally 
when,  after  it  has  been  in  conjunction  with  the  sun,  and  on 
that  acoonnt  invisible,  it  gets  at  such  a distance  from  the  sun 
as  to  be  seen  in  the  morning  before  the  rising  of  that 
luminary. 

HELIOCBNTRIC  Place  of  a Planet,  is  that  place  in  the 
ecliptic  in  which  the  planet  would  appear  if  viewed  from  the 
oentre  of  the  sun ; and  consequently  the  heliocentric  place 
ooincides  with  the  longitude  or  a planet,  as  viewed  from  the 
same  centre. 

Heliocentric  Latitude  of  a Planet,  is  the  inclination  of  the 


line  drawn  between  the  oentre  of  the  sun  and  the  centre  of  u 
planet,  to  the  plane  of  the  ecliptic. 

HBLIOCOMETES,  Comet  of  the  S*  n,  is  used  to  denote  a 

fhenomenon  which  sometimes  attends  the  setting  of  the  sun 
t is  thus  denominated  by  Sturmius,  who  had  observed  it, 
because  it  seems  to  make  a comet  of  that  luminary,  having  tho 
appearance  of  a large  tail  or  column  of  light  which  follows  the 
sun  at  his  setting,  mnch  in  the  same  manner  as  the  tail  of  a 
comet. 

HELIOMETER,  or  Astrometer,  is  the  name  given  by 
Bouguer  to  an  instrument  which  he  invented  for  measuring 
with  particular  exactness  the  diameter  of  the  sun,  mom,  anil 
planets.  This  instrument  is  merely  a telescope,  consisting  of 
two  object  glasses,  of  equal  focal  distance,  placed  by  the  side 
of  each  other,  so  that  the  same  eye-glass  serves  for  both.  The 
tube  of  this  instrument  is  of  a conical  form,  larger  at  the  upper 
end,  which  receives  the  two  object-glasses,  than  at  the  lower, 
which  is  furnished  with  an  eye-glass  and  micrometer.  Hence 
two  distinct  images  of  an  object  arc  formed  in  tho  focus  of  the 
eye-glass,  the  distance  of  which  depending  upon  that  of  the 
two  object-glasses  from  one  another,  may  be  measured  with 
the  greatest  accuracy. 

HELIOSCOPE,  a telescope  fitted  for  viewing  the  sun  with- 
out hurting  the  eyes. 

HELIX,  in  Geometry,  the  same  with  Spiral,  which  sec. 
Helix,  in  Natural  History,  the  Snail,  a genus  of  the  vermes 
testacca  class  and  order.  It  is  used  in  muny  parts  of  Europo 
as  food,  particularly  at  Rome  during  the  weeks  of  Lent,  where 
they  are  fattened,  and  grow  to  a very  large  size.  H.  Hortensu, 
garden-snail,  has  an  imperforate  shell,  globular,  pale,  with 
broad  interrupted  brown  bands ; this  species  inhabits  the  gar- 
dens and  orchards  in  most  parts  of  Europe  ; it  abounds  with  a 
viscid  slimy  juice,  which  it  readily  gives  out  by  boiling  in  milk 
and  water,  so  as  to  render  them  thick  and  glutinous,  and  the 
compound,  especially  with  milk,  is  reckoned  efficacious  in  con- 
sumptive cases.  Snails  arc  very  destructive  to  wall  fruit: 
lime  and  ashes  sprinkled  on  the  ground  will  keep  them 
away,  and  destroy  the  young  brood.  Fruit,  already  bitten, 
should  not  be  taken  off  the  tree,  for  they  will  not  tooeh  the 
other  till  they  have  wholly  eaten  this,  if  left  for  them.  The  eyes 
of  snails  are  lodged  in  their  horns,  one  at  the  end  of  each  horn, 
which  they  can  retract  at  pleasure.  Catting  oil'  a snail's  head, 
a little  stone  appears,  whieb  is  supposed  to  be  a good  diuretic, 
and  excellent  in  all  nephritic  disorders. 

HELLKBORUS,  in  Botsny,  English  hellebore,  a genus  of  the 
polyandria'polygjnia  class  and  order.  Natural  order  of  MuJ- 
iisiliqutr,  Renunculacea*,  Jussieu.  There  are  seven  species. 
The  root  is  tuberous.  By  distillation  an  extremely  poisonous 
oil  is  obtained  from  it. 

HELM,  a long  and  flat  piece  of  timber,  or  an  assemblage  of 
several  pieces,  suspended  down  the  hind  part  of  a ship's  stern- 
post,  where  it  turns  upon  a kind  of  hinges  to  the  right  or  left, 
serving  to  direct  the  coarse  of  a vessel,  as  the  tail  of  a fish 
guides  the  body.  The  helm  is  usually  composed  of  threo 
parts,  vis.  the  rudder,  the  tiller,  and  the  wheel,  except  in  small 
vessels,  where  the  wheel  is  unnecessary.  The  rudder  becomes 
gradually  broader  in  proportion  to  its  distance  from  the  top,  or 
its  depth  under  water  ; the  back  or  inner  part  of  it,  which  joins 
the  stern-post,  is  diminished  into  the  form  of  a wedge,  through- 
out its  whole  length,  so  as  that  it  may  be  more  easily  turner) 
from  one  side  to  the  other  when  it  makes  an  obtuse  angle  with 
the  keel.  For  a description  of  the  hinges  which  support  it,  see 
the  articles  Googings  and  Pintles.  The  length  and  thick- 
ness of  the  rudder  is  nearly  equal  to  that  of  the  stem-post. 
The  tiller  is  a long  bar  of  timber,  fixed  horizontally  in  the 
upper  end  of  the  rudder,  within  the  vessel ; the  movements  of 
the  tiller  to  the  right  and  left  accordingly  direct  the  efforts  of 
the  rudder  to  the  government  of  the  ship’s  course,  as  she 
advances ; which  is  called  steering.  The  operations  of  the 
tiller  arc  guided  and  assisted  by  a sort  of  tackle,  communicat- 
ing with  the  ship's  side,  railed  the  tiller-rope,  which  is  usually 
composed  of  untarred  rope  jams,  for  the  purpose  ot  travers- 
ing more  readily  through  the  blocks  or  pulleys.  In  order  to 
facilitate  the  management  of  the  helm,  the  tiilei-rope,  in  all 
large  vessels,  is  wound  about  a wheel,  which  acts  upon  it  with 
the  powers  of  a windlass ; the  rope  employed  in  this  service 
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bring  conveyed  from  the  fore-end  of  the  tiller  to  a single  block 
on  each  aide  of  the  ship,  forms  a communication  with  the 
wheel,  by  means  of  two  blocks  suspended  near  the  mixzen- 
mast,  and  two  holes  immediately  above,  leading  op  to  the 
wheel,  which  is  fixed  upon  an  axis  on  the  quarter-deck  almost 
perpendicularly  over  the  fore-end  of  the  tiller.  Five  turns  of 
the  rope  arc  usually  wound  about  the  barrel  of  the  wheel,  and 
when  the  helm  is  a-midship,  the  middle  turn  is  nailed  to  the 
top  of  the  barrel  with  a mark,  by  which  the  helmsman  readily 
discovers  the  situation  of  the  helm  : the  spokes  of  the  wheel 
generally  reach  about  eight  inches  beyond  the  rim  or  circum- 
ference, serving  as  handles  to  the  person  who  steers  the  ves- 
sel : as  the  effect  of  a lever  increases  in  proportion  to  the 
length  of  its  arm,  it  is  evident  that  the  power  of  the  helmsman 
to  turn  the  wheel  will  be  increased  according  to  the  length  of 
the  spokes  beyond  the  circumference  of  the  barrel : so  that  if 
the  helmsman  employs  a force  of  thirty  pounds,  it  will  produce 
an  effect  of  from  ninety  to  one  hundred  and  twenty  pounds 
upon  the  tiller,  (the  barrel  being  J or  J of  the  radius  of  the 
spokes,)  which  again  forming  the  long  end  of  a lever  10  or  16 
times  the  length  of  its  shorter  arm,  the  force  of  the  rudder  will 
by  consequence  bo  from  10  times  00  to  16  times  120,  or  from 
000  to  1800  poonds.  When  the  helm  operates  by  itself,  the 
centre  of  rotation  of  the  ship  and  her  movements,  are  deter- 
mined by  estimating  the  force  of  the  rudder  by  the  square  of 
the  ship’s  velocity. 

When  the  helm,  instead  of  lying  in  a right  line  with  the  keel, 
is  turned  to  one  aide  or  the  other,  as  in  BD,  in  the  figure,  it 
receives  an  immediate  shock  from  the  water,  which  glides 
along  the  ship’s  bottom  in  running  aft  from  A to  B ; and  this 


fluid  pushes  It  towards  the  opposite  side,  whilst  it  in  retained 
in  this  position  : so  that  the  stern,  to  which  the  rudder  is  con- 
fined, receives  the  name  impression,  and  accordingly  turns 
from  B to  6 about  some  point  e,  whilst  the  head  of  the  ship 
passes  from  A to  m.  It  must  bo  observed,  that  the  current  of 
water  falls  upon  the  rudder  obliquely,  and  only  strikes  it  with 
that  part  of  its  motion,  which  acts  according  to  tho  sine  of  inci- 
dence, pushing  it  in  the  direction  of  N P,  with  a force  which 
not  only  depends  on  the  velocity  of  the  ship’s  course,  by  which 
this  current  of  water  is  produced,  but  also  upon  the  extent  of 
the  sine  of  incidence.  This  force  is  hr  consequence  composed 
of  the  square  of  the  velocity  with  which  the  ship  advances,  and 
the  square  of  the  sine  of  incidence,  which  will  necessarily  be 
greater  or  smaller  According  to  circumstances;  so  that  if  the 
vessel  runs  three  or  four  times  more  swiftly,  the  absolute  shock 
or  the  water  upon  the  rudder  will  be  nine  or  sixteen  limes 
stronger  under  the  same  ineidenoe : and  if  the  incidence  is 
increased,  it  will  yet  bo  augmented  in  a greater  proportion, 
because  the  square  of  the  sine  of  incidence  is  more  enlarged. 
This  impression,  or,  what  is  the  same  thing,  the  power  of  the 
helm,  is  always  very  feeble,  when  compared  with  the  weight  of 
the  vessel  ; but  as  it  operates  with  the  force  of  a long  lever,  its 
efforts  to  turn  the  ship  are  extremely  advantageous.  For  the 
ht'lui  being  applied  to  a great  distance  from  the  centre  of  gra- 
vity G,  or  from  the  point  about  which  the  vessel  turns  horiaon- 
tally,  if  the  direction  P N of  the  impression  of  the  water  upon 
the  rudder  be  prolonged,  it  is  evident  that  it  will  paws  perpen- 
dicularly to  R,  widely  distant  from  the  centre  of  gravity  G ; 


thus  the  absolute  effort  of  the  water  is  very  powerful.  It  is  not 
therefore  surprising,  that  this  machine  impresses  the  ship  with 
a considerable  circular  movement  by  pushing  the  stern  from  B 
to  b,  and  the  bead  from  A to  ■;  and  even  mnch  farther  while 
she  sails  with  rapidity,  because  the  effect  of  tho  helm  always 
keeps  pace  with  the  velocity  with  which  the  vessel  advances. 

Amongst  the  several  angles  that  the  rudder  makes  with  the 
keel,  there  is  always  one  position  more  favourable  than  any  of 
the  others,  as  it  more  readily  produces  the  desired  effect  of 
turning  the  ship,  in  order  to  change  her  course.  To  ascertain 
this,  it  must  be  considered,  that  if  the  obliquity  of  the  rudder 
with  the  keel  is  greater  than  the  obtuse  angle  A B D,  so  as  to 
diminish  that  angle,  the  action  of  the  water  upon  the  rudder 
will  increase,  and  at  tbo  same  time  oppose  the  course  of  the 
ship  in  a greater  degree  ; because  the  angle  of  incidence  will 
be  more  open,  so  as  to  present  a greater  surface  to  the  shock 
of  the  water,  by  opposing  its  passage  more  perpendicularly. 
Bat  at  that  time  the  direction  N P of  the  effort  of  the  helm  upon 
the  ship  will  pass  with  a smaller  distance  from  the  centre  of 
gravity  G towards  R,  and  less  approach  the  perpendicular  N L, 
according  to  which  it  is  absolutely  necessary  that  the  power 
applied  should  act  with  a greater  effect  to  turn  the  vessel. 
Thus  it  is  evident  that  if  the  obtuse  angle  A B D is  too  much 
enclosed,  the  greatest  impulse  of  the  water  will  not  counterba- 
lance the  loss  sustained  by  the  distance  of  the  direction  N P 
from  N L,  or  by  the  great  obliquity  which  is  given  to  the  same 
direction  N P of  the  absolute  effort  of  the  helm  with  the  keel  A B. 
If,  on  the  contrary,  the  angle  A B D is  too  much  opened,  the  di- 
rection N P of  the  force  of  the  action  of  the  helm  will  become 
more  advantageous  to  turn  the  vessel,  becaoae  itwill  approach 
nearer  the  perpendicular  N L ; so  that  the  line  prolonged  from 
N P will  increase  the  line  G R,  by  removing  R to  a greater  dis- 
tance from  the  centre  of  gravity  G,  but  then  the  helm  will 
receive  the  impression  of  the  water  too  obliquely,  for  the  angle 
of  incidence  will  be  more  acute  ; so  that  it  will  only  present  a 
small  portion  of  its  breadth  to  the  shock  of  the  water,  and  by 
consequence  will  only  receive  a feeble  effort.  By  this  principle 
it  is  easy  to  conceive,  that  the  greatest  distance  G R from  the 
centre  of  gravity  G,  is  not  sufficient  to  repair  the  diminution  of 
force  occasioned  by  the  too  great  obliquity  of  the  shock  of  the 
water.  Hence  we  may  conclude,  that  when  the  water  either 
strikes  the  helm  too  directly,  or  too  obliquely,  it  loses  a great 
deal  of  the  effect  it  ought  to  produce.  Between  the  two  ex- 
tremes there  is  therefore  a mean  position,  which  is  the  most 
favourable  to  its  operations. 

The  diagonal  NP  of  the  rectangle  I L represents  the  absolute 
direction  of  the  effort  of  tbo  water  upon  the  helm.  N I ex- 
presses the  portion  of  this  effort  which  is  opposed  to  the  ship's 
head-way,  or  which  pushes  her  astern,  in  a direction  parallel 
to  the  keel.  It  is  easily  perceived  that  this  part  N I of  the 
whole  power  of  the  helm  contributes  but  little  to  the  turn  of  the 
vessel;  for,  if  I N is  prolonged.it  appears  that  its  direction 
approaches  to  a very  small  distance  G V from  the  centre  of 
gravity  G ; and  that  the  arm  of  the  lever  B N~  G Y,  to  which 
the  force  is  applied,  is  notin  the  whole  more  than  cqnal  to  half 
the  breadth  of  tbe  rudder:  but  the  relative  force  N L,  which 
acts  perpendicular  to  the  keel,  is  extremely  different.  If  the 
first  N I is  almost  useless,  and  even  pernicious,  by  retarding 
the  velocity ; the  second  N L is  capable  of  a very  great  effect, 
because  it  operates  at  a considerable  distance  from  the 
centre  of  gravity  G of  the  ship,  and  acts  npon  the  arm  of  a 
lever  G R,  which  is  very  long.  Thus  it  appears,  that  between 
the  effects  N Land  NI,  which  result  from  the  absolute  effort 
N P,  there  is  one  whiob  always  opposes  tbe  ship’s  course,  and 
contributes  little  to  her  motion  of  turning ; whilst  the  other 
produces  only  this  movement  of  rotation,  without  operating  to 
retard  her  velocity. 

Geometricians  have  determined  the  most  advantageous  angle 
made  by  the  helm  with  the  line  prolonged  from  the  keel,  and 
fixed  it  at  64°  44’,  presuming  that  the  ship  is  as  narrow  at  her 
floating-line,  or  at  the  line  described  by  the  surface  of  the  water 
round  her  bottom,  as  at  the  keel.  But  as  this  supposition  is 
absolutely  false,  in  as  mnch  as  all  vessels  augment  their  breadth 
from  tbe  keel  upward  to  the  extreme  breadth,  where  the  float- 
ing-line or  the  highest  water-line  is  lerminnted  ; if  follows  that 
this  angle  is  too  large  by  a certain  number  of  degrees.  For  tbe 
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rudder  is  impressed  by  the  water,  at  the  height  of  the  floating- 
line,  more  directly  than  at  the  keel,  because  the  fluid  exactly 
follows  the  horizontal  outlines  of  the  bottom  ; so, that  a parti- 
cular position  of  the  helm  might  be  supposed  necessary  for 
each  different  incidence  which  it  encounters  from  the  keel  up- 
wards. But  as  a middle  position  may  he  taken  between  all 
these  points,  it  will  be  sufficient  to  consider  the  angle  formed 
by  the  sides  of  the  ship,  and  her  axis  or  the  middle  line  of  her 
length,  at  the  surface  of  the  water,  in  order  to  determine  after- 
wards the  mean  point,  and  the  mean  angle  of  incidence. 

It  is  evident  that  the  angle  64°  44'  is  too  open,  and  very  un- 
favourable to  the  ship’s  head- way,  becanse  the  water  acts 
upon  the  rudder  there  with  too  great  a sine  of  incidence,  as 
being  equal  to  that  of  the  angle  which  it  makes  with  the  line 
prolonged  from  the  keel  below : but  above  the  shock  of  the 
water  is  almost  perpendicular  to  the  rudder,  because  of  the 
breadth  of  the  bottom,  as  we  have  already  remarked.  If  then 
the  rudder  is  only  opposed  to  the  fluid,  by  making  an  angle  of 
4fi P with  the  line  prolonged  from  the  keel,  the  impression,  by 
becoming  weaker,  will  be  less  opposed  to  the  ship's  head- 
way, and  the  direction  N P of  the  absolute  effort  of  the  water 
upon  the  helm  drawing  nearer  to  the  lateral  perpendicular, 
will  be  placed  more  advantageously,  for  the  reasons  above 
mentioned.  On  the  other  hand,  experience  daily  testifies,  that 
a ship  steers  well  when  the  rudder  makes  the  angle  D B 
equal  to  35°  only. 

It  has  been  already  remarked,  that  the  effect  of  moving  the 
wheel  to  govern  the  helm  increases  in  proportion  to  the  length 
of  the  spokes ; and  so  great  is  the  power  of  the  wheel,  that  if 
the  helmsman  employs  a force  upon  its  spokes  equivalent  to  .30 
pounds,  it  will  produce  an  effect  of  90  or  120  pounds  upon  the 
tiller.  On  the  contrary,  the  action  of  the  water  is  collected  into 
the  middle  of  the  breadth  of  the  rudder,  which  is  very  narrow  in 
comparison  with  the  length  of  the  tiller;  so  the  effort  of  the 
water  is  very  little  removed  from  the  fulcrum  Bupon  which  it 
turns;  whereas  the  tiller  forms  the  arm  a lever  It) or  16  times 
longer,  which  also  increases  the  power  of  the  helmsman  in  the 
same  proportion  that  the  tiller  bears  to  the  lever,  npon  which 
the  impulse  of  the  water  is  directed.  This  force  then  is  by  con- 
sequence 10  or  16  times  stronger  ; and  the  effort  of  30  pounds, 
which  at  first  gave  the  helmsman  a power  equal  to  90  or  120 
pounds,  becomes  accumulated  to  one  of  900  or  1900  pounds 
upon  the  rudder.  This  advantage  then  arises  from  the  short- 
ness of  the  lever  npon  which  the  action  of  the  water  is  impress- 
ed, and  the  great  comparative  length  of  the  tiller,  or  lever,  hy 
which  the  rudder  is  governed ; together  with  the  additional 
power  of  the  wheel  that  directs  the  movements  of  the  tiller, 
and  still  farther  accnmulates  the  power  of  the  helmsman  over 
it.  Socti  a demonstration  ought  to  remove  the  surprise  with 
which  the  prodigious  effect  of  the  helm  is  sometimes  considered 
from  an  inattention  to  its  mechanism  ; for  wc  need  oolv  to  ob- 
serve the  pressure  of  the  water,  which  acts  at  a great  distance 
from  the  centra  of  gravity  G,  about  which  the  ship  is  supposed 
to  torn,  and  wc  shall  eaaily  perceive  the  difference  there  is  be- 
tween the  effort  of  the  water  against  the  helmsman,  and  the 
effect  of  the  same  impulse  against  the  vessel.  With  regard  to 
the  person  who  steers,  the  water  acts  only  with  the  arm  of  a 
very  short  lever  N B,  of  which  B is  the  fulcrum  : on  the  con- 
trary, with  regard  to  the  ship,  the  force  of  the  water  is  impress- 
ed in  the  direction  N P,  which  passes  to  a great  distance  from 
G,  and  acts  upon  a very  Jong  lever  E G,  which  renders  the 
action  of  the  rudder  extremely  powerful  in  turning  the  vessel ; 
so  that,  in  a large  ship,  the  rudder  receives  a shock  from  the 
water  of  2700  or  2800  poonds,  which  is  frequently  the  case 
when  she  sails  at  the  rate  of  three  or  four  leagues  by  the  honr  ; 
and  this  force  being  applied  in  E,  perhaps  100  or  110  feet  dis- 
tant from  the  centre  of  gravity  G,  will  operate  npon  the  ship, 
to  torn  her  about,  with  270,000  or  308,000  pounds ; whilst.  In 
the  latter  case,  the  helmsman  acts  with  an  effort  which  exceeds 
not  30  pounds  upon  the  spokes  of  the  wheel. 

Afler  what  has  been  said  of  the  helm,  it  is  easy  to  judge, 
that  the  more  a ship  increases  her  velocity  with  regard  to  the 
sea,  the  more  powerful  will  be  the  effect  of  the  rndder ; be- 
cause it  acts  against  the  water  with  a force,  which  increases  as 
the  square  of  the  swiftness  of  the  fluid,  whether  the  ship  ad- 
vances or  retre«ts>  or,  in  othor  words,  whether  she  has  head- 
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way  or  stern-way  : with  this  distinction,  that  in  these  two  cir- 
cumstances the  effects  will  he  contrary.  For  if  the  vessel 
retreats,  or  moves  astern,  the  helm  will  be  impressed  from  I to 
N ; and  instead  of  being  pushed,  according  to  N P,  it  will  re- 
ceive the  effort  of  the  water  from  N towards  R;  so  that  the 
atern  will  be  transported  to  the  saute  movement,  and  the  bead 
turned  in  a contrary  direction. 

HELMET,  an  ancient  defensive  armour,  worn  by  horsemen 
both  iu  war  and  in  tournaments,  which  covered  both  the  head 
and  face,  leaving  only  an  aperture  in  the  front  secured  by  ban 
which  wus  called  the  visor.  It  is  still  used  in  heraldry  by  way 
of  crest  over  the  shield  or  coat  of  arms,  to  express  the  differ- 
ent degrees  of  nobility  by  the  different  manner  in  which  it  is 
borne.  Titus,  a helmet  in  profile  is  given  to  gentlemen  and 
esquires  ; to  a knight  the  helmet  standing  forward  and  the 
heaver  a little  open ; the  helmet  in  profile  and  open,  with  bars, 
belongs  to  all  noblemen  under  the  degree  of  a duke:  and  the 
helmet  forward  and  open,  with  many  bars,  is  assigned  to  kings, 
princes,  and  dukes. 

HEMISPHERE,  in  Geometry,  is  one  lmlf  of  a globe  or 
sphere,  formed  by  a plane  passing  through  its  centre. 

Hemisphere,  in  Astronomy,  is  particularly  used  to  denote 
one-half  of  the  sphere,  as  separated  by  the  plane  of  the  equa- 
tor; that  situated  towards  the  north  pole  being  called  the 
northern,  and  (he  other  the  southrrn  hemisphere.  The  horizon 
also  divides  the  sphere  into  two  hemispheres,  the  lower  and  the 
upper;  the  latter  being  that  half  which  has  the  zenith  for  its 
vertex,  the  former  having  the  nadir  in  its  vertex. 

We  have,  in  this  work,  given  two  hemispheres  of  the  celes- 
tial regions,  exhibiting  all  the  stars  and  constellations  exactly 
as  they  appear  in  nature:  the  whole  of  the  atars  having  their 
right  ascension  and  declination  computed  for  the  present 
century. 

Hemisphere  is  also  used  for  a map  or  projection  of  half  the 
terrestrial  globe,  or  half  the  celestial  sphere  on  a plane.  These 
are  also  frequently  called  Plonupheree. 

HEMISTICH,  in  poetry,  denotes  half  a verse,  or  a verse 
not  completed. 

HEMP.  See  Cannaris.  The  cannabis  sativa,  or  hemp 
plant,  is  cultivated  on  account  of  its  external  filaments, 
which  constitute  the  hemp  used  for  cordage,  canvass,  cloth,  flee, 
and  the  seeds  abound  with  oil.  The  operations  of  harling, 
watering,  breaking,  swingling,  and  heckling  hemp  arc  very 
nmch  like  those  practised  in  (he  dressing  of  flax. — The  hemp 
imported  into  this  country  chiefly  comes  from  Russia.  The 
best  hemp'  should  be  clean,  soft,  tender,  of  long  staple,  and 
a sound  palish-yellow  colour,  neither  green  nor  red.  Many 
experiments  have  been  made  upon  the  relative  strength  and 
utility  of  the  nettle,  the  hop.  the  aloe,  the  yucca,  the  barks  of 
the  mulberry  and  bread-fruit  tree,  and  many  other  vegetable 
fibres  for  the  production  of  thread,  cloth,  and  paper,  yet  is  the 
hemp,  the  flax,  and  the  cotton  superior  to  them  all,  not  only 
on  account  of  their  abundance  and  easy  culture,  but  from  the 
very  superior  strength  and  fineness  or  their  fibres  under  all 
changes  of  circumstance. 

The  hemp  being  the  larger  and  stronger  plant,  yields  the 
longest,  coarsest,  and  strongest  fibres,  and  is  usually  employed 
iu  forming  all  kinds  of  ropes  and  cordage,  coarse  cloth  and 
tacking;  notwithstanding  which,  if  properly  dressed  and  ma- 
naged, a white  linen  may  he  produced  from  it  very  little  in- 
ferior in  texture  to  that  of  flax,  and  certainly  superior  in 
durability.  Flax,  on  the  contrary,  being  a more  tender  and 
delicate  plant,  produces  a finer  fibre  by  ordinary  treatment,  and 
is  used  for  the  liner  fabrics  of  thread,  linen,  and  cambric. 

The  flax  plant  (lissm  of  Linneas)  is  an  annual,  requiring 
to  be  sown  with  seeds  of  the  last  year’s  product,  from  the 
second  week  in  March  to  the  middle  of  April.  It  prefers  a 
free  open  loam,  which  is  neither  subject  to  too  much  wet  or 
drought ; is  certain  of  producing  a good  crop  on  new  ground, 
and  will  generally  thrive  on  any  soil  which  is  proper  for  bar- 
ley or  oats.  It  remains  in  the  ground  till  the  end  of  July,  or 
middle  of  August,  when  it  ripens,  and  is  fit  for  pulling  ,*  (un- 
less it  should,  from  circumstances,  he  desirable  to  keep  it  for 


* This  should  b*  dons  toon  otter  the  bloom  falls  off,  wbsn  tbs  stalk 
begins  to  tare  yellow,  sod  bvforv  the  loaves  fall  off. 
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seed  only  j and  may  bo  succeeded  by  a crop  of  wheat  or  tur-  i 
nips,  for  which  it  is  an  excellent  preparation.  It  may  also  be  | 
sown  to  advantage  with  clover  seeds,  which  will  then  succeed  I 
it  as  an  after-crop.  Hemp  (Cmnnabi*  aativa)  is  a much  more  i 
rank  and  coarse  plant,  growing  from  six  to  sixteen  feet  in 
height,  and  is  more  or  less  common  in  ail  countries.  It  is, 
however,  chiefly  cultivated  in  the  northern  parts  of  Europe, 
whence  it  is  largely  imported  into  England.  It  thrives  well  in 
England;  and  English  hemp,  when  properly  manufactured,  is 
found  more  compact,  strong,  and  durable  than  that  of  Russia. 
It  should  be  sown  about  the  same  time  as  flax,  in  a deep,  rich, 
and  moist  soil,  on  which  account  the  Isle  of  Ely  and  the  fens 
of  Lincolnshire  are  particularly  favourable  to  its  growth.  Like 
(lax, when  sufficiently  ripe,  it  is  not  cut,  hut  palled  up  root  and 
all.  on  which  account  both  these  plants  leave  the  soil  parti- 
cularly  clean* 

The  fibre  is  situated  between  the  interior  wood  and  exterior  , 
bark  of  each  stalk,  and  was  till  lately,  always  obtained  by  an 
aqueous  decomposition,  or  by  rotting  away  the  wood  and  exte- 
rior bark  by  exposure  to  moisture,  since  the  fibre  itself  (though, 
no  doubt,  somewhat  injured  by  the  process)  has  sufficient 
strength  and  durability  to  withstand  it  in  a great  measure. 
The  process  of  rotting  away  the  woody  from  the  fibrous  parts 
of  plants,  though  one  of  extreme  antiquity,  has  proved  ex- 
tremely detrimental  to  the  health,  not  only  of  the  inhabitants, 
but  injurious  to  the  cattle,  of  those  countries  in  which  it  is  car- 
ried on  to  a considerable  degree.  It  becomes  the  source  of 
many  pestilential  diseases,  among  which  perhaps  the  Malaria, 
so  prevalent  in  the  vicinity  of  Rome  and  Naples,  may  be 
numbered  ; besides  which,  since  flax  and  hemp  ripen  about  the 
month  of  August,  and  require  to  be  submitted  to  this  process 
as  soon  as  they  are  taken  from  the  ground,  or  at  least  before 
they  dry,  the  farmer's  attention  becomes  necessary  to  them 
when  his  time  is  most  valuable  and  can  least  be  spared,  namely, 
in  the  time  of,  or  immediately  antecedent  to,  bis  corn  harvest. 

The  product  to  be  expected  from  the  grow  th  of  flax  is  of  two 
kinds,  viz.  The  seed  for  oil  and  sowing,  and  the  fibre  for  spin- 
ning. These  are  nearly  equal  in  value,  and  it  has  been  usual 
for  cultivators  to  govern  their  operations  by  the  kind  of  crop 
which  is  produced;  thus,  if  it  grows  short  and  branchy,  the 
seed  will  be  more  valuable  than  the  flax,  which  consequently 
should  not  be  disturbed  until  that  seed  is  perfectly  ripe  ; while, 
on  the  contrary,  if  it  proves  tall,  and  has  not  fallen,  the  seed 
(although  not  ripe)  is  excellent  food  for  cattle,  and  must  be 
threshed  out  as  perfectly  as  possible,  and  the  remainder  sacri- 
ficed to  the  fibre.  A very  good  machine  for  threshing  out  flax 
in  this  state,  was  invented  by  Mr.  Ctcall,  and  will  be  found 
described  in  the  Transactions  of  the  Society  for  the  Encourage- 
ment of  Arts  and  Sciences,  London,  vol.  xxv.  p.  143. 

The  operation  of  rotting,  or,  as  it  is  generally  called.  Water 
Retting  Flax  and  Hemp,  is  one  of  considerable  nicety,  and 
hazard  to  the  cultivator,  on  which  account  it  has,  in  all  proba- 
bility, proved  a much  greater  barrier  to  the  cultivation  of 
these  useful  plants  in  England,  than  the  alleged  exhaustion 
of  soil,  or  any  other  cause  ; for  its  perfection,  and  the  period 
when  it  should  cease,  depend  on  several  fortuitous  ctrouro- 
stances,  which  may  dispose  the  woody  matter  of  the  stem  to 
decompose  with  greater  or  less  facility.  Thus  it  will  be  in- 
fluenced by  the  strength  and  vigour  of  the  plant,  the  moistoic 
or  dryness  of  the  season,  the  temperature  of  the  air  during 
the  process,  as  well  ns  the  soil  from  which  the  plant  is  pro- 
duced. If  the  operation  Is  carried  too  far,  not  only  the  woody 
matter,  but  the  fibre  also,  w ilt  be  destroyed  or  injured,  and  if  not 
far  enough,  it  has  generally  been  thought  that  the  flax  will 
not  dress:  and  thus,  after  a good  crop  has  been  produced,  it 
may  be  much  injured,  if  not  spoiled,  in  (he  incipient  stage  of 
its  manufacture. 

The  steeping  or  watering  of  flax  is  most  commonly  per- 
formed in  artificial  ponds  or  canals,  excavated  by  the  sides  of 
rivers,  and  generally  about  40  feet  long,  0 feet  wide,  and  4 
deep,  a sufficient  size  to  admit  the  produce  of  an  aore  of  land 
at  once.  Sluices  are  so  disposed,  that  (be  contained  water 
may  at  any  time  be  let  oif,  and  a fresh  quantity  of  water, 
which  should  lie  soft,  admitted.  These  canals  should  be  ex- 
posed to  the  sun,  which  assists  the  decomposition.  The  fresh- 
gathered  flax  being  tied  in  bundles  or  handfuls,  is  carefully 


placed  in  these  reservoirs,  the  superior  bandies  earning  those 
which  were  first  deposited  to  sink  ; and  in  this  way  each 
reservoir  is  filled,  but  not  to  such  a degree  as  to  force  any  part 
of  the  flax  to  touch  the  bottom  ; and  when  filled,  the  whole 
surface  is  covered  with  close  hurdles  or  boards,  and  sufficiently 
loaded  with  stones  to  cause  every  part  of  the  flax  to  be  tinder 
the  surface  of  the  water.  In  this  state  it  is  left,  and  occa- 
sionally examined,  to  ascertain  how  far  the  process  of  decom- 
position is  completed,  which  will  generally  be  within  a 
fortnight.  The  bundles  of  fiax,  which  have  by  this  time  become 
very  tender  and  difficult  to  handle,  are  now  to  be  taken  out 
on  boards  or  trays,  and  removed  on  to  the  nearest  short 
grass  or  heath,  where  they  are  regularly  disposed  in  rows  to 
loose  their  moisture,  and  in  which  situation  they  receive  an 
additional  preparation  from  the  evening  dews  and  occasional 
showers  completing  the  decomposition,  and  at  the  same 
time  washing  away  the  slime  and  mucilage  with  which  they 
are  mixed.  This  last  exposure  is  called  dew-retting,  and 
continues,  according  to  the  state  of  the  atmosphere,  for  four 
or  five  weeks,  or  until  the  flax  is  as  dry  as  it  can  be  got,  of  a 
clear  good  colour,  and  all  the  woody  matter  which  remains  is 
perfectly  brittle.  Tbe  fibre  will  still  retain  most  of  its  original 
tenacity,  if  the  operation  has  been  carefully  and  skilfully  con- 
ducted. It  is  then  carried  away,  like  hay,  on  a fine  dry  day, 
and  deposited  in  barns,  being  now  ready  for  the  next  process, 
called  breaking  and  dressing. 

So  soon  as  a reservoir  is  emptied  as  above  described,  its 
water  is  let  off,  of  course  in  a very  putrid  and  unwholesome 
state.  The  basin  is  washed  out ; a new  quantity  of  water  is 
admitted,  which  Is  now  ready  to  receive  a fresh  charge  of 
flax.  The  rivers,  bv  receiving  this  water,  particularly  if  hemp 
has  been  steeped  in  it,  become  contaminated ; their  fish  are 
killed;  the  cattle  refuse  to  drink  it;  and  the  atmosphere 
around  is  filled  with  noxious  vapours,  most  detrimental  to 
tbe  health  of  the  inhabitants. 

The  breaking  of  flax  is  the  separation  of  what  is  technically 
called  the.  HttoH,  or  woody  matter,  from  the  Hai  le,  or  useful 
fibre ; and  this  may  be  effected  in  a variety  of  ways.  It  is 
done  in  mills  by  machinery,  and  by  hand,  and  in  almost  all 
cases  is  very  effectually  performed  by  a set  of  blunt  iron  teeth 
or  breakers,  fixed  upon  one  piece  of  wood,  and  met  by  another 
similar  set  of  teeth  fixed  to  a moveable  piece,  which  is  worked 
by  the  one  hand,  while  tho  fiax  in  handfuls  is  introduced 
between  these  teeth  in  various  directions  with  tho  other  band. 
This  breaks  and  knocks  off  the  greater  part  of  the  wood  in  small 
fragments,  called  chaff,  and  the  operation  is  completed  by 
touching  or  beating  the  flax  against  a smooth  post  called  a 
scotching  post,  and  also  beating  it  with  an  instrument  some- 
what resembling  a curry-comb,  and  called  a hand  scutch,  by 
which  the  few  remaining  fragments  of  wood  or  boon  arc 
taken  away,  and  nothing  but  the  long  fibre  remnins,  which 
is  now  to  be  hackled,  or  drawn  by  the  hand  over  a species  of 
comb,  having  a great  number  of  very  shatp  long  and  perpendi- 
cular steel  points  upon  it,  by  which  any  remaining  boon  and 
the  short  fibres  or  tow  are  removed,  and  the  long  fibres  which 
remain  are  regularly  disposed,  and  ready  to  pass  into  tbe 
hands  of  the  spinner. 

Flax  and  hemp  have  obtaiord  the  character  of  being  very 
impoverishing  crops  to  the  land  which  bears  them,  and  very 
deservedly  so.  For  while  every  other  crop  makes  a return  to 
the  laud,  either  of  its  roots  or  branches  to  decay,  and  forms 
manure,  or  becomes  matter  of  animal  food  ; these  make  no  such 
return,  at  least  to  their  own  land. 

But  although  the  above  methods  arc  still  practised  on  the  con- 
tinent. it  lias  been  discovered,  that  the  process  of  steeping  and 
dew  retting,  as  applied  to  flax  and  hemp,  is  wholly  unnecessary  ; 
and  that  these  vegetables  will  not  only  dress,  but  will  produce 
an  eqnal,  if  not  greater  quantity  of  more  durable  and  ser- 
viceable fibre,  when  treated  in  the  dry  way,  than  when  exposed 
to  the  tedious,  difficult,  and  precarious  process  which  has  been 
above  described ; and  it  is  to  be  lamented,  that  a discovery  of 
so  much  national  importance,  made  in  this  country,  should  not 
hitherto  have  been  recorded  and  described  in  any  of  her  jour- 
nals or  archives  of  science. 

This  discovery  was  first  given  to  tbe  world  by  Jas.  Lee.  Esq. 
formerly  of  Old  Ford,  in  Essex,  and  latterly  of  Merton  Abbey 
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Flax  Mills,  he  haring  obtained  a patent  for  his  process  in  1813, 
under  the  singular  protection  of  a special  act  of  Parliament, 
which  permitted  the  specification  of  that  patent  invention  to 
remain  scaled  tip  for  seven  years,  contrary  to  the  general  prac- 
tice in  such  cases. 

Among  the  more  valuable  concomitants  of  this  discovery, 
are  the  circumstances  of  the  noxious  vapours  and  unhealthy 
employment  attendant  upon  the  former  process  of  steeping 
Max  being  removed,  as  well  as  the  supply  of  an  abundance  of 
in-door  winter  employment,  being  produced  in  the  breaking 
and  preparation  of  flax  for  spinning,  when  it  has  been  thus 
husbanded,  and  which  may  be  resorted  to  at  all  convenient 
times,  when  the  fanning  labourers  and  servants  are  shut  ont 
from  other  work  by  the  inclemency  of  seasons  or  other  causes ; 
and  thus  it  is  presumed  a new  source  of  active  and  lucrative 
employment  is  held  out  to  the  British  fanner,  by  the  adoption 
of  which,  he  may  in  a few  years  be  in  the  receipt  of  that  im- 
mense capital  which  is  now  paid  to  foreign  countries  upon  the 
importation  of  flax  and  hemp. 

The  machinery  to  be  used  for  breaking  and  manufacturing 
the  flax  and  hemp  prepared  by  his  dry  method,  so  far  as  it  has 
come  before  the  public  in  the  use  of  Mr.  Lee’s  patent  process, 
does  not  appear  to  have  fully  answered  his  purpose ; for  we 
find  that  a few  years  since  he  obtained  another  patent  for 
other  machinery  and  processes  not  included  in  the  first, 
and  of  which  tbc  specification  is  not  protected  by  the  same 
secrecy  of  enrolment.  He  thus  appears  to  have  been 
made  fully  satisfied,  by  experience,  of  the  incapacity  of  his 
first  machines  to  produce  much  work,  and  thcrefoie  now 
abandons  them,  ana  performs  his  whole  operation  by  means 
of  a series  of  small  iron  fluted  rollers,  combined  by  pairs  in 
frame-work,  working  in  each  other’s  teeth  or  projections,  (as 
shewn  in  the  plate  of  Mills.)  and  made  to  press  or  bear  upon 
each  other  in  any  assigned  degree,  and  so  as  to  admit  larger 
or  smaller  charges  of  flax  between  them,  by  means  of  levers 
and  weights  ; and  although  the  application  of  such  fluted  rol- 
lers to  the  breaking  of  flax  and  hemp  lias  long  been  common, 
particularly  in  Scotland,  yet  Mr.  Lee's  arrangement  of  them  is 
novel,  ingenious,  and  perfectly  answer*  the  purposo. 

Instead  of  using  one  or  two  pair,  as  usual,  he  proposes  to 
dispose  a number  of  single  pairs  of  rollers  by  tbe  side  of  each  j 
other,  having  them  all  kept  in  motion  at  once  by  a water 
wheel  or  other  prime  mover ; and  instead  of  passing  the  flax 
through  them  in  its  natural  straight  form,  it  is  entered  between 
them,  and  as  soon  as  the  ends  appear,  and  come  out  on  the 
opposite  side  of  the  rollers,  tboso  ends  which  are  following 
are  intermixed  or  overlayod,  or,  as  it  is  technically  called, 
taiUd  on  to  the  first,  so  as  to  form  a circular  hoop  or  skein  of 
flax,  which  having,  as  it  were,  no  end.  will  continue  to  revolve 
between  the  rollers  for  any  length  of  time. 

The  importance  of  a cheap,  effective,  and  expeditious  mode 
of  breaking  and  preparing  raw  flax  and  hemp,  is  such,  that  it 
cannot  be  a matter  of  surprise,  that  many  ingenious  mecha- 
nics should  have  turned  their  attention  to  this  subject.  Several 
models  of  machines  for  this  purpose  have  been  invented,  parti- 
cularly by  Bond  and  Durand,  which  will  be  found  described  in 
the  Transactions  of  the  Sooiety  for  the  Encouragement  of  Arts, 
Manufactures,  and  Commerce,  vol.  36,  p.  163,  and  vol.  31, 
p.  309;  and  especially  those  of  Messrs.  Hill  and  Bandy,  of 
Camden  Town,  London,  for  which  Mr.  Bundy  obtained  a 
patent  for  Great  Britain  and  Franoe,  and  which,  from  the 
novelty  of  their  actions  and  motions,  and  the  very  speedy  and 
eBcacious  manner  in  which  they  perform  their  work,  deserve 
to  be  particularly  noticed. 

These  machines  are,  a Breaker  and  a Rubber.— The  first 
being  for  the  purpose  of  separating  the  harle  from  tbe  boon,  a* 
usual,  but  by  a new  process  : the  latter  for  robbing  and  sub- 
dividing the  fibres  so  as  to  produce  it  in  its  greatest  state  of 
perfection,  and  finally  cleansing  it  before  it  goes  to  the  hack- 
lor.  The  breaking  machine  will  be  first  described,  as  it  is  to  be 
first  used,  and  it  wilt  appear,  that  although  it  consists  chiefly 
of  fluted  or  toothed  cylinders,  yet  it  varies  from  all  other 
machines  for  the  same  purpose,  which  have  preceded  it,  by  tbc 
inequality  of  tbe  depth  of  its  teeth,  the  play  or  space  which 
exists  between  one  tooth  and  another,  and  in  tho  reciprocating 
motion  of  the  cylinders  combined  with  their  progressive 


motion,  instead  of  its  being  progressive  only,  as  in  all  former 
cases;  by  these  means  the  happiest  effects  are  produced. 
1110  simple  manner  in  which  this  complex  motion  is  brought 
about,  reflects  tbc  highest  credit  on  the  mechanical  skill  of  Mr. 
Bundy,  the  Inventor,  not  only  of  these  machines,  but  of  many 
others  of  equal  ingenuity. 

Fi,.  1. 


Fig.  1 represents  a side  view  of  the  breaking  machine  on  a 
scale  of  about  half  an  inch  to  a foot.  The  framing.  A,  is  of 
timber,  which  serves  to  support  the  five  breaking  cylinders 
marked  C c D E E,  turning  on  pivots.  C D and  c move  in  brass 
bearings,  fixed  upon  the  boards  or  siuiporta  B,  on  tbe  two 
opposite  sides  of  the  machine,  while  E E merely  lay  above  and 
between  CD  and  De,  and  are  drawn  down  to  these  by  two 
rods,  as  seen  at  F F.  The  tower  ends  of  these  are  joined  by 
a connecting  bar,  and  another  rod  proceeds  downwards,  its 
lower  cod  being  fixed  by  a double  adjusting  nut  G,  near  the 
pin  or  fulcrum  H.or the  lever  or  presser,  H,  I,  which  is  loaded 
with  a weight  J.  Tbere  is  a similar  lever  on  each  side  of  the 
machine,  to  bear  down  tbe  four  ends  or  pivots  of  the  two  rollers 
E E,  and  the  ends  of  iheso  levers  nearest  I,  are  united  with  a 
cross  bar,  by  means  of  which  one  weight,  J,  acts  on  them  both, 
and  is  made  to  press  equally  by  an  adjusting  nut  and  screw, 
on  each  side,  like  G.  K L Is  a lever  placed  under  tbc  machine, 
one  end  of  which  is  attached  to  the  weight  J,  in  such  manner 
that  by  pressing  down  its  end  L,  J is  raised,  and  all  pressure  is 
instantly  prevented  between  tbe  superior  cylinders  EE,  and 
those  under  them  at  CDf,  for  stopping  the  operation  of  the 
machine  at  any  time.  The  breaking  cylinders  arc  abont  eigh- 
teen or  twenty  inches  in  length,  and  are  made  of  beech  or  any 
hard  wood,  and  are  all  similar  to  each  other  in  dimensions,  and 
in  having  breakers  which  act  also  as  teeth,  extending  like  pro- 
tecting plates  their  whole  length  parallel  to  the  axis.  These 
breakers  or  teetb  are  formed  of  thin  hoop-iron,  let  about  half 
its  widlb  into  saw  cuts  in  the  cylinders  into  which  they  are 
driven,  and  they  are  retained  in  their  places  by  iron  hoops  put 
on  to  each  end  of  tbe  cylinders  ; they  are  about  half  an  inch 
asunder,  their  external  edges  are  well  rounded,  so  as  not  to  cut 
the  flax,  and  they  are  alternately  long  and  abort;  the  long  or 
deep  teeth  projecting  about  three-quarters  of  an  inch  from  the 
cylinder,  while  the  short  ones  are  about  half  that  length.  In 
placing  tbe  lower  breaking  cylinders  in  their  places,  care  mast 
be  taken  that  they  do  not  touch  each  other,  since  their  teeth  aro 
only  to  oonnect  through  the  medium  of  tbe  two  upper  rollers 
which  press  upon  them.  The  axis  of  tbe  roller  D is  longer 
than  the  others,  and  extends  on  both  sides  beyond  the  frame, 
and  upon  each  end  of  it  is  fixed  a cast-iron  wheel,  by  which 
motion  is  to  be  given  to  this  cy Under,  and  through  this  to  all 
the  others.  Both  tho  wheels  are  of  tbe  same  diameter,  but 
one  is  a ratchet  wheel,  as  will  be  seen  in  the  last  figure,  while 
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that  on  tbo  opposite  side  It  a a par  or  common  toothed  wheel, 
ns  will  be  teen  in  fig.  2,  which  represents  such  parts  of  the 
machine  on  the  opposite  side  as  are  essential  to  its  motion,  and 
the  tamo  letters  of  reference  are  used  in  both  figures  to  denote 
similar  parts. 

Fig.  2. 


The  first  motion  is  given  to  this  machine  from  the  iron 
spindle  O,  fig.  1,  wbioh  may  be  turned  by  a handle,  or  by  a 
band  and  rigger,  at  at  P.  It  may  also  be  connected  with  a 
pair  of  spar  wheels  and  a fly,  as  shewn  in  fig.  1,  to  assist  its 
motion.  On  each  end  of  too  lower  spindle,  if  two  are  used, 
there  it  a crank,  as  at  Q,  attached  to  a connecting  rod  V,  the 
opposite  end  of  which  in  fig.  1,  is  attached  to  a pall  or  lever 
turning  on  a oentre  S,  so  that  when  Ov  or  O O,  is  turned,  the 
ead  of  this  lever  will  describe  a portion  of  a circle,  shewn  by 
the  dotted  lino  T A,  and  will  engage  with  the  ratehet  teeth  of 
the  wheel  M,  and  aarry  it  partly  round  ; while  on  the  other 
aide  of  the  maohine,  shewn  In  fig.  2,  the  connecting  rod  V 
passes  from  the  crank  of  O to  a toothed  segment  U,  die  teeth 
of  which  work  into  the  teeth  of  the  spur  wheel  N,  fixed  upon 
the  opposite  gudgeon  of  the  breaking  cylinder  D.  The  con- 
necting rod  on  this  side  of  the  machine  must  be  so  adjusted  in 
length,  that  in  ita  motion  outwards  tho  end  tooth  of  (J,  next 
to  A,  must  be  withdrawn  oat  of  the  teeth  of  the  wheel  N,  but 
that  when  it  moves  in  a contrary  direction,  or  from  T towards 
A,  It  must  move  completely  in  the  teeth  of  the  wheel,  and  not 
leave  them,  and  of  course  N at  this  time  is  incapable  of  any 
other  motion,  but  what  the  segment  U alto  has. 

The  connecting  rod  Q V,  in  fig.  1,  must  also  be  so  adjusted 
in  length  to  the  pall  or  gathering  tooth  S,  as  to  make  it  continue 
to  act  upon  its  wheel  M,  for  the  space  of  one  tooth  of  N in 
fig.  2,  after  the  segment  U has  been  withdrawn  from  its  wheel, 
N ; and  thus,  although  the  motion  of  U would  produce  a back- 
ward and  forward  motion  of  its  corresponding  wheel  N,  and 
the  breaking  cylinder  D,  and  consequently  of  all  the  other 
cylinders,  yet  by  the  after  action  of  S upon  M,  the  roller  I>  and 
its  wheel  N are  made  to  advance  gradually  by  the  space  of  one 
tooth  of  N for  every  revolution  of  O ; and  thus  a slow  but 
regular  progressive  motion  of  the  cylinders  is  obtained  at  tho 
samo  timo  that  the  vibratory  or  oscillating  motion  is  going  on. 
The  (hut  is  fed  or  supplied  by  placing  it  in  handfuls  on  the 
feeding  trough  Z,  and  pressing  it  gently  between  the  rollers, 
C and  B,  and  it  is  delivered  out  from  between  the  rollers  B 
and  e,  at  the  end  of  the  machine  next  to  L,  in  a sufficiently 
clean  and  divided  state  to  enter  the  rubbing  machine,  which  will 
hr  next  described.  The  superiority  of  this  machine  over 
common  Anted  rollers  needs  no  comment,  since  the  distance 
between  the  teeth  and  the  shake  which  is  produced  by  the 
alternating  motion  of  the  oylinders  exactly  fires  that  action 
wbieh  is  best  suited  to  break  off  and  disengage  the  bark  and 
woody  matter,  wbieh,  when  dry,  is  quite  brittle,  and  falls  to  the 
bottom  of  the  machine.  Once  passing  the  rollers  is  in  general 
sufficient  for  either  flax  or  hemp  stalks,  but  the  work  is  ren- 


dered more  perfect  by  a second  passage  through  them,  which 
does  not  at  all  injure  the  fibre. 

The  rubbing  machine,  whieb  is  to  be  used  immediately  after 
the  above  breaking  process,  was  suggested  to  the  iaventor 
from  the  beneficial  effect  which  he  found  produced  on  broken 
flax  by  rubbing  it  between  the  hands  in  the  same  manner  that 
linen  is  rubbed  while  washing,  and  which  not  only  cleanses  it 
of  the  small  fragments  of  wood  and  bark  which  adhere  to  it, 
but  likewise  opeos  and  subdivides  the  fibres,  so  as  to  make 
them  produce  the  finest  thread.  The  machine  and  operation 
are  altogether  new  as  applied  to  flax  and  hemp,  and  it  is 
confidently  hoped  considerable  benefit  may  arise  from  their 
use.  Fig.  3 represents  a side  view,  or  rather  section  of  this 
machine,  drawn  on  a scale  of  one  inch  to  a foot. 

rig.  3. 


In  this,  a is  Ibo  wooden  frame  for  supporting  the  machino ; A. 
the  bearers  for  the  three  rollers  ede,  disposed  as  in  the  break- 
ing machine  ; but  in  this  case,  they  are  only  for  the  purpose  ot 
drawing  or  leading  the  flax  through  the  machine,  (the  break- 
ing being  presumed  to  have  been  already  done  by  the  last 
described,  or  any  other  process ;)  they  must  be  fluted  or  grooved, 
or  may  be  made  in  the  same  manner  as  the  breaking  cylinders, 
but  with  the  teeth  of  equal  length,  much  shorter,  and  of  a 
finer  gauge  or  pitch;  / is  a rigger  or  pulley  to  which  a rapid 
circular  motion  is  to  he  given  ; it  Is  hung  on  a shaft  or  spindle 
turning  in  brass  bearings,  and  fixed  to  the  frame  a ; on  the  end 
h of  this  spindle  is  formed  an  endless  screw  or  worm,  which 
turns  a small  wheel  i fixed  upon  the  lower  end  of  an  iron- 
spindle  k turning  in  bearings,  and  leading  by  a bevil  pinion 
at  its  upper  end  to  the  face  wheel  w,  which  is  fixed  on  to 
one  of  the  gudgeons  of  the  fluted  or  toothed  roller  «,  so  that 
whenever  the  rigger  f is  turned,  even  with  a rapid  motion,  a 
very  slow  motion  will  be  communicated  to  the  rollers  edt. 
The  most  essential  part  of  this  machine  oonsists  of  the  rubber 
boards  opqr,  which  are  placed  at  the  front  of  the  machine, 
are  seven  in  number  in  the  print,  but  may  be  more  or  less, 
and  are  about  an  inch  in  thickness ; they  may  be  made  of 
beech,  oak,  or  any  moderately  hard  wood.  Their  edges  or 
sections  can  only  be  seen  in  this  representation,  but  their 
length  may  be  from  eight  inches  to  a foot  or  more.  The 
hoard  o is  firmly  fixed  to  the  top  of  the  framing  s,  and  is 
without  motion,  while  those  marked  p ov  are  supported  npon 
the  two  strong  cylindrical  iron  pins  t,  which  are  firmly  screwed 
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into  the  frame  *.  and  puss  through  hole*  which  fit  them  in  the 
board*  ppp,  so  that  these  last  can  be  moved  to  a greater  or 
less  distance  from  each  other,  but  are  incapable  of  up  and  down 
motion.  The  intermediate  boards  qqa  are  so  much  shorter 
us  to  pass  between  the  iron  pins  s and  admit  of  an  up  and  down 
motion  between  ppp ; for  this  purpose,  they  are  atl  connected 
together  by  an  iron  link  or  staple  *,  fixed  upon  the  top  of  the 
connecting  rod  a,  the  lower  end  of  which  works  upon  a crank 
in  the  middle  of  the  first  spindle  upon  which  the  rigger  / is 
placed,  so  that  in  every  resolution  of  f the  moveable  boards 
gift/  are  driven  upwards  and  downwards  between  the  more 
stationary  boards  ppp,  and  the  one  which  is  fixed  at  o.  The 
whole  of  the  boards  are  diawu  towards  o by  means  of  a rod  on 
each  of  their  sides  passing  through  ppp  and  o , and  acted  upon 
at  t by  weights  or  spiral  wire  springs,  and  the  whole  of  the 
boards  are  perforated  with  a slit  or  mouth  from  four  to  six  inches 
long,  (according  to  their  width)  and  about  a quarter  of  an  inch 
wide,  placed  near  their  tops  at  an  equal  distance  from  the  top 
of  each,  and  nicely  rounded  off  on  nil  its  edges.  The  conse- 
quence will  be,  that  whenever  the  crank  is  in  an  horizontal 
situation,  all  these  slits  will  coincide,  hut  when  the  crank  is 
down,  as  in  the  figuro,  the  slits  in  qqq  (which  slits  are  seen 
only  in  section)  will  be  below  those  in  ppp  and  o,  while  when 
the  crank  is  up  they  will  be  elevated  above  them ; and  thus  it 
will  easily  he  perceived,  that  if  flax,  or  nny  other  flexible  mate- 
rial, is  passed  through  the  slits  in  the  boards  when  they  do 
coincide,  and  then  conducted  between  the  toothed  rollers,  that 
while  these  draw  it  slowly  on  through  (he  machine,  the  boards 
pp,  qq.  &c.  by  their  rapid  up  and  down  motion,  will  effectually 
rub  it,  and  cleanse  it  from  any  extraneous  matter  which  may 
adhere  to  it,  as  well  as  open  the  fibres  ; and  for  the  hetter  regu- 
lation of  this  operation,  i>  is  a treadle  or  lever  near  the  foot  of 
the  attendant,  by  pressing  on  which,  the  weight  u\  which 
depresses  the  top  roller  d,  will  he  raised,  in  consequence  of 
which  the  rollers  will  cease  to  draw,  although  the  rubbing  still 
continues,  so  that  its  velocity  in  passing  the  machine  may  be 
correctly  regulated  at  the  w ill  of  the  superintendant  • 

The  average  crop  which  has  been  produced  in  England  from 
sowing  three  bushels  of  flax  or  lint  seed  on  an  acre  of  land, 
is  2|  tons  of  flax  stem,  which,  when  broken  and  prepared, 
yield*  from  10  to  13  cwt.  of  liarlc,  or  flax  fit  for  hackling,  and 
the  boon  or  woody  matter  w hicli  falls  through  the  machine, 
will  yield  from  90  to  100  bushels  of  chaff  from  the  seed,  and 
is  fit  for  provender  for  horses  or  cattle,  and  from  36  to  40cwL 
of  chaff  from  the  stem,  making  a valuable  manure,  while  from 
10  to  14  bushels  of  seed  may,  in  almost  all  cases,  be  procured 
from  the  same  quantity.  The  operation  of  hackling,  which 
succeeds  that  of  breaking,  was  here  minutely  described  and 
shewn,  and  by  this  the  average  of  12  cwt.  of  harle,  produced 
by  nn  acre  of  land,  becomes  diminished  down  to  about  from 
460  to  380ll>*.  of  fine  long  flax,  fit  for  spinning  the  best  mate- 
rials, being  hut  little  more  than  ^th  of  the  gross  produce  ; not- 
withstanding which,  the  value  of  the  seed,  the  chaff,  and  the 
tow,  which  is  the  refuse  of  the  hackling  process,  are  said  to 
amply  compensate  for  this  apparent  loss. 

Spinning  is  the  operation  which  succeeds  to  hackling,  and 
the  advantage*  arising  from  this  nnion,  by  twisting  the  fibres 
together,  was  detailed,  as  well  as  the  mechanical  action,  by 
which  strength  and  continuity  of  length  arc  obtained  by  tho 
lateral  friction  of  one  fibre  against  another. 

The  yarns,  when  completed,  are  wound  into  skeins  of  300 
yards  each  in  length,  by  means  of  counting  reels,  which  strike 
upon  a belt,  or  otherwise  indicate  when  this  quantity  is  com- 
pietc.  and  such  skeins  are  called  Iras.  From  the  number  of 
lea*  which  a pound  of  flax  will  produce,  its  denomination  and 
value  is  computod-  Thus  yarn  No.  It),  or  10  lea  yarn,  is  ten 
times  300  yards,  or  3000  yards  from  one  pound  of  hackled  flax  ; 
40  lea  yarn,  or  12,000  yards  from  the  pound,  is  said  to  be  the 
finest  produced  in  England  by  machine  spinning,  though  by 
hand  spinning  the  process  has  been  carried  as  high  as  120  leas 
to  the  pound.  The  average  work  of  every  spindle  in  a spinning 


* For  mi  awooal  of  lb*  quantity  of  work  theta  machinal  *ra  capable  of 
partarming,  and  other  particulars  respecting  them,  art  ih«  Report  of  tba 
Selaot  Commit!*#  of  tba  >l»o*«  of  Coaimoa*  on  tbc  suhjact.  Mr.  Bandy 
has  likawUa  invented  a very  ingeniooa  machine  for  hackling  flax. 
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mill,  where  thousands  are  usually  in  motion  at  once,  is  esti- 
mated at  an  average  of  12  leas  in  the  day,  or  3000  yards ; and 
iu  spinning  the  finest  yarns  the  spindle  is  said  to  revolve  3000 
times  in  n minute ! Wr  do  not,  however,  vouch  for  this  almost 
incredible  velocity,  not  having  had  an  opportunity  of  calculating 
the  machinery. 

The  qualities  of  the  tow,  or  refuse  of  flax  and  hemp,  and  tho 
various  operation*  per  funned  upon  it.  cannot  here  ho  enume- 
rated and  explained,  among  which  is  that  of  carding  it  hy 
machinery,  so  as  to  produce  useful  rovings  for  spinning  infe- 
rior yarns, 

HENDECAGON,  in  Geometry,  a figure  that  has  eleven 
sides,  and  it*  many  angles. 

HEPATIC  Gas.  the  old  name  for  sulphuretted  hydrogen. 

HEPTACHORD,  in  the  ancient  poetry,  signified  verses  that 
were  sang  or  played  on  seven  chords,  that  is,  on  seven  dif- 
ferent note*. 

HEPTAGON,  in  Geometry,  a figuro  consisting  of  seven 
sides  and  ns  many  angles. 

HEPTARCHY,  a government  of  seven  person*  ; also  a state 
or  country  divided  into  seven  kingdoms,  and  governed  by 
seven  independent  princes.  England  was  at  one  period  divi- 
ded into  seven  kingdoms,  under  the  Saxons,  bcr.ce  called  the 
Saxon  Heptarchy. 

HERALD,  is  an  officer  at  arms,  whose  business  it  is  to 
denounce  war,  proclaim  peace, or  be  otherwise  employed  by  the 
king  in  martial  messages  or  oilier  business. 

Heralds  are  the  judges  and  examiners  of  gentlemens  coats 
of  arms,  ami  preservers  of  genealogies,  and  they  marshal  all 
solemnities  at  the  coronation  of  princes,  and  funerals  of  great 
persons. 

Hfrvlds.  The  heralds,  which  are  six  in  number,  are  dis- 
tinguished by  the  names  of  Richmond,  Lancaster,  Chester, 
Windsor,  Somerset,  and  York,  and  are  all  equal  in  degree, 
only  preceding  according  to  the  seniority  of  their  creation, 
their  patents  being  under  the  great  seal  of  England. 

HERALDRY,  is  a science  which  teaches  how  to  blazon  or 
explain,  in  proper  terms,  nil  that  belongs  to  arms;  and  how  to 
marshal,  or  dispose  with  regularity,  divers  arms  on  a field.  It 
also  teaches  whatever  relates  to  the  marshalling  of  solemn  pro- 
cessions, and  other  public  ceremonies  at  coronations,  instal- 
lation of  knights,  creations  of  peers,  nuptials,  christenings  of 
prince*,  funerals,  &c. 

Arms,  sometimes  called  coats  of  arms,  are  hereditary  marks 
of  honour,  made  up  of  fixed  and  determined  colours  and  figures, 
granted  by  sovereign  princes,  as  a toward  for  military  valour, 
or  some  signal  public  service  ; and  serve  to  denote  the  descent 
and  olliance  of  the  bearer ; or  to  distinguish  states,  cities,  soci- 
eties, &c.  civil,  ecclesiastical,  and  military.  Arms  arc  distin- 
guished hy  different  names  to  denote  the  causes  of  their  hearing, 
such  as  arms  of  dominion,  t>(  prrt  en$wn  ,u(  concession,  of  communi- 
ty, OfjMfnmpa,  of family,  of  alLnnrf,  of  succession,  of  assumption. 
Those  of  dominion  and  sovereignty  me  those  which  emperors, 
kings,  and  sovereign  stales  constantly  bear;  being,  as  it  were 
annexed  to  the  territories,  kingdoms,  and  provinecs  they  pos- 
sess. Thus,  there  arc  the  arms  of  England,  of  France,  Bcc. 

Arras  of  pretension  are  those  of  such  kingdoms,  provinces, 
or  territories,  to  which  a prince  or  lord  has  some  clniui.  and 
which  he  adds  to  his  own,  although  such  kingdoms  or  territo- 
ries are  possessed  by  another  prince  or  lord.  Arms  of  conres- 
sion,  or  augmentation  of  honour,  arc  entire  arms,  as  the  fortress 
of  Gibraltar  on  the  escutcheon  of  Lord  Hcatliticld.  Arms  of 
community  belong  to  bishoprics,  cities,  companies,  A.c.  Of 
patronnye,  to  governors  of  provinces,  lords  of  manors,  fitc. 
Arms  of  family  are  the  property  of  individuals,  and  it  is  criminal 
in  any  persons  not  of  the  family  to  assume  them.  Arms  of 
alliance  shew  the  union  of  families  and  individuals.  Armsoffwc- 
cession  arc  taken  up  by  those  who  inherit  certain  estates, 
manors,  &c,  either  bv  will,  entail,  or  donation,  and  which  they 
impale  or  quarter  with  their  own ; ibis  multiplies  the  title*  of 
some  families  from  necessity,  and  not  from  ostentation.  Of 
assumption,  or  ussumptive  arms,  arc  taken  up  by  the  caprice  or 
fancy  of  upstarts  of  mean  extraction,  who,  on  becoming  per- 
sons of  fortune,  assume  them  without  a legal  title.  They  are 
also  such  as  a man  of  his  proper  right  may  assume,  with  the 
approbation  of  his  sovereign  and  of  the  king  of  arms. 
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The  pnrts  of  arms  lire  live  escutcheon,  the  tincture*,  charge*, 
and  ornaments.  Heralds  distinguish  nine  different  points  in 
•scutcheons,  in  order  to  determine  exaetly  the  positions  of  the 
bearing  they  are  charged  with,  as  in  the 
figure.  A,  the  dexter  chief;  B,  precise 
middle  chief;  C,  sinister  chief;  D,  ho- 
nour point ; E,  fess  point ; P,  nombril 
point;  G,  dexter  base  ; H,  precise  mid- 
d chase;  I,  sinister  base. 

The  tinctures  mean  that  variable  hue 
common  both  to  the  shields  and  tbeir 
bearings  ; and  there  are  seven  tinctures, 
yellow  or  gold,  expressed  by  dots,  white, 
or  argent ; red  by  perpendicular  lines : 
blue  or  amr;  by  horizontal  lines.  Purple, 
by  diagonal  lines  from  right  to  left ; green,  by  the  same  from  left 
to  right;  black  by  horizontal  and  perpendicular  lines  crossing ; 
and  orange  and  blood  colour  are  expressed  by  diagonal  lines 
crossing  each  other. 

The  charges  arc  those  emblems  occupying  the  field  of  the 
•scutcheon,  or  any  part  ofit.  All  charges  are  distinguished 
by  the  name  of  honourable  ordinaries,  sub-ordinaries,  and  com- 
mon charges. 

Honourable  ordinaries,  the  principal  charges  in  heraldry, 
are  made  oflinca  only,  which,  according  to  their  disposition 
and  form,  receive  different  names.  Sub-ordinaries  are  ancient 
heraldic  figures  frequently  used  in  coats  of  arms,  aud  w hich 
are  distinguished  by  terms  appropriated  to  each  of  them. 
Common  charges  arc  composed  of  natural,  artificial,  and  even 
imaginary  things,  such  as  stars,  animals,  trees,  ships,  fcc. 

The  ornaments  that  accompany  or  surround  escutcheons, 
were  introduced  to  denote  the  birth,  dignity,  or  office  of  the 
person  to  whom  the  arms  appertain;  they  are  used  both  by 
c**rff3r  a°d  laity-  Those  most  in  use  are  of  ten  sorts,  viz. 
crowns,  coronets,  mitres,  helmets,  mantlings,  chapeaux, 
wreaths,  crests,  scrolls,  and  supporters. 

The  crest  is  the  highest  part  of  the  ornaments  of  a coat  of 
arms ; it  is  called  crest  frum  the  Latin  word  crista,  which  sig- 
nifies a comb,  or  tuft,  such  as  many  birds  have  upon  tbeir 
heads,  as  the  peacock,  fitc.  Crests  were  anciently  marks  of 
great  hononr,  because  they  were  worn  only  by  heroes  of  great 
valour  and  high  rank,  that  they  might  be  the  better  distin- 
guished in  ao  engagement,  and  thereby  rally  their  men  if  dis- 
persed. They  are  at  present  considered  as  mere  ornaments. 

The  scroll  is  an  ornament  usually  placed  below  the  shield  and 
supporters,  containing  a motto  or  short  sentence,  alluding 
thereto,  or  to  the  hearing,  or  to  the  bearer's  name. 

It  is  not  our  object  to  dwell  on  this  article,  and  wc  will 
therefore  conclude  it  by  noticing  briefly  that  the  science  of  he- 
raldry consists  in  blazoning  and  marshalling  arms.  The  word 
btaxoning  is  borrowed  from  the  French  emblaxoner ; and  signi- 
fies displaying  or  explaining  the  several  emblems  and  colours 
of  an  achievmcnt  in  proper  terras. 

The  blazoning  of  tbe  arms  of  gentlemen,  esquires,  k nights,  and 
baronets,  is  derived  from  metals  and  colours  ; those  of  barons, 
viscounts,  earls,  marquises,  and  dukes,  from  precious  stones ; 
and  those  of  princes,  kings,  and  emperors,  from  tbe  planets. 

Marshalling  is  the  orderly  disposition  of  several  coals  of 
arms,  belonging  originally  to  different  families,  within  one 
shield  or  escutheon,  together  with  all  the  proper  armorial 
ensign*,  ornaments,  and  decorations.  We  will  in  this  place 
first  notice  the  four  great  orders  of  British  knighthood  ; second- 
ly, we  will  explain  the  various  heraldic  terms. 

Degrees  of  Precedency,  and  different  kinds  of  Arms. 


The  King. 

Princes  of  the  Blood. 

Archbp.  of  Canterbury. 

Lord  High  Chancellor. 
Archbishop  of  York. 

Lord  Treasurer. 

Lord  President  of  the  Coun- 
cil. 

Lord  Privy  Seal. 

Dukes. 

Eldest  sons  of  Dukes  of  tbe 
Blood  Royal. 


Marquises. 

Eldest  sons  of  Dnkcs. 

Earls. 

Marquises’  eldest  sons. 
Duke's  younger  sons. 
Viscounts. 

Earl’s  eldest  sons. 

Marquises’  younger  sons 
Bishops. 

Barons. 

Speaker  of  the  House  of  Com- 
mons. 


Degrees  of  Precedency,  and 
Lord  Comroissinnes  of  the 
Great  Seal. 

Viscounts’  eldest  sons. 

Earls’  younger  sons. 

Barons  eldest  sons. 

Privy  Counsellors  not  Peers. 
Chancellor  of  tbe  Exchequer. 
Chancellor  of  tbe  Duchy. 

The  Knights  of  the  Garter  not 
Peers. 

The  Lord  Chief  Justice  of  the 
King’s  Bench. 

Tbe  Master  of  the  Rolls 
The  Lord  Chief  Justice  of  the 
Common  Pleas 

The  Lord  Chief  Baron  of  the 
Exchequer. 

Pnisne  Judges  and  Harons. 
Knights  Banneret,  if  made 
in  the  field  of  battle. 


different  kinds  of  Arms 
Master  in  Chancery, 
Viscounts*  younger  sons. 
Barons’  younger  sons. 
Baronets. 

Knights  Banneret. 
Knights  of  the  Bath. 
Knights  Bachelors. 
Baronets  eldest  sous. 
Knights’  eldest  sons. 
Uaionets’  younger  sons. 
Knights*  younger  sons. 
Field  and  Flag  officers. 
Doctor*  graduate. 
Serjeant*  at  Law  . 
Esquires, 

Gentlemen. 

Yeomen- 

Tradesmen. 

Artificers. 

Labourers. 


Tbe  ladies,  except  those  of  Archbishops,  bishops,  and 
judges,  take  place  according  to  the  quality  of  their  husbands, 
and  unmarried  ladies  take  place  according  to  that  of  tbeir 
fathers. 

HERB,  in  Botany,  is  that  part  of  the  plant  which  rises  from 
the  root,  and  is  terminated  by  tho  fructification.  It  com  pro- 
bends  the  trank  and  stem ; the  leaves ; tho  fnlcra,  or  supports  ; 
and  the  buds,  or,  as  they  are  sometimes  denominated,  the  winter 
quarters  of  the  future  vegetable. 

HERBACEOUS  Plants,  in  Botany,  are  those  which  have 
succulent  stems  that  die  down  to  the  ground  every  year. 

HERCULES,  Cerberus,  and  the  Apple  Branch.  This  con- 
stellation serves  to  perpetuate  tbe  memory  of  Hercules,  the 
Theban,  son  of  Amphitryon  and  Alcmenc,  famous  in  ancient 
times  by  bis  wisdom,  his  heroic  labours,  and  his  extraordi- 
nary strength.  Hcvelius  placed  Cerberus,  or  the  Serpent  with 
three  beads,  by  the  side  of  Hercules.  If  Cerberus  be  consi- 
dered allegorically  as  the  symbol  of  the  earth,  or  more  pro- 
perly of  all-devouring  time,  bis  three  mouths  will  represent  tbe 
present,  past,  and  future.  The  victory  which  Hercules  ob- 
tained over  this  monster  is  thought  to  denote  the  conquest 
this  hero  acquired  over  his  passions.  l>r.  Bryant  derives  this 
name  from  ntr  Abor,  “ the  place  of  light,"  and  the  temple  of  the 
sun  was  called  Tor-Capb-EI,  which  was  changed  to  rpurtj^«\of, 
and  hence  Cerberus  (originally  the  name  of  a place)  was  sap- 
posed  to  have  three  bead*. 

Boundaries  and  Contents. — n the  N.  by  Draco,  E by  Lyra, 
S.  by  Serpentarius,  and  W.  by  Serpens  and  Corona  Borealis. 
There  are  113  stars  in  this  constellation,  of  which  seven  are  of 
the  3d  magnitude,  seventeen  of  tho  4th.  Ac.  Has  Algathi,  of 
the  3d  magnitude,  is  situated  in  the  forehead,  over  the  right 
eye.  Ras  Algothi,  tbe  principal  star  in  this  constellation, 
having  2 Id?  30*  32*  right-ascension,  and  14*  Iff  IT*  of  N.  dec., 
appears  on  the  N.  E.  by  E J E.  point  of  the  horizon,  and  rises 
and  culminates,  at  London,  as  in  the  following  Table : Merid. 
Alt.  63*  a*  XT’  N. 


Month. 

Risrs.  | 

Cum.  | 

Month. 

Risrs. 

CrLM. 

bo  mi. 

lio.  mi. 

bo.  mi. 

ho.  mi. 

Jan. 

a o M. 

10  20  M. 

July 

J 14  A. 

10  88  A. 

Feb. 

1 2 50  M. 

» 0 M. 

Aug. 

1 (i  A. 

8 30  A. 

Mar. 

11  2 A. 

li  10  M. 

Sept. 

11  0 M. 

G 30  A. 

April 

9 5 A. 

4 15  M. 

Oct. 

y io  >i. 

4 40  A. 

T 15  A- 

2 30  M.  , 

Nov. 

7 15  M. 

2 43  A. 

June 

5 15  A. 

12  SO  A.  1 

Dec. 

5 10  M. 

12  87  A. 

HEREDITAMENTS,  snch  things  immoveable,  whether  cor- 
poreal or  incorporeal,  as  a man  may  leave  to  his  heirs,  by  way 
of  inheritance ; or  which,  not  being  otherwise  devised,  naturally 
descend.  Corporeal  hereditaments  consist  wholly  of  substan- 
tial and  permanent  objects,  all  of  which  may  be  comprehended 
under  the  general  denomination  of  land  only  ; incorporeal 
hereditaments  are  not  the  objects  of  sensation,  are  creatures 
of  the  mind,  and  exist  only  in  contemplation.  They  are  prin- 
cipally of  ten  sorts,  riz.  advowsons,  tithes,  commons,  ways, 
offices,  dignities,  franchises,  presents,  aud  rents. 
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HERMAPHRODITE,  a term  formerly  applied  exclusively 
to  signify  a human  creature  possessed  of  both  sexes.  The 
term  U now  applied  to  other  animals,  and  to  plants.  It  is 
now  well  known  there  is  no  such  thing  as  an  hermaphrodite  in 
the  human  species.  In  most  species  of  animals,  the  produc- 
tion of  hermaphrodites  appears  to  be  the  effect  of  chance,  but 
in  the  black  cattle  it  seems  to  be  an  established  principle  of 
their  propagation.  It  is  a well  known  fact,  and,  as  far  as  has 
et  been  discovered,  appears  to  be  onirersal,  that  when  a cow 
rings  forth  two  calves,  one  of  them  a bull,  and  the  other  a 
cow  to  appearance,  the  cow  is  unfit  for  propagation,  but  the 
bull-calf  becomes  a very  proper  bull.  They  arc  known  not  to 
breed;  they  do  not  shew  the  least  inclination  for  the  bull,  nor 
docs  the  bull  ever  take  the  least  notice  of  them.  Among  the 
country  people  in  England,  this  kind  of  calf  is  called  a free- 
martin  ; and  this  singularity  is  just  as  well  known  among  the 
farmers  as  cither  cow  or  bull-  When  they  arc  preserved,  it  is 
for  the  purpose  of  an  ox,  or  spayed  heifer,  riz.  to  yoke  with  the 
oxen,  or  fatten  for  the  table.  They  are  much  larger  than  cither 
the  ball  or  the  cow,  and  the  horns  grow  longer  and  bigger, 
being  very  similar  to  those  of  an  ox.  The  bellow  of  a free- 
martio  is  also  similar  to  that  of  the  ox,  and  the  meat  is  similar 
to  that  of  the  ox  or  spayed  heifer,  fix.  much  fiuer  in  the  fibre 
than  either  the  bull  or  cow,  and  they  are  more  susceptible  of 
growing  fat  with  good  food. 

Among  the  reptile  tribe,  indeed,  such  as  worms,  snails, 
leeches,  &c.  hermaphrodites  arc  freqocnt.  In  the  memoirs  of 
the  French  Academy,  we  have  an  account  of  this  very  extraor- 
dinary kind  of  hermaphrodites,  which  not  only  li  vc  both  sexes, 
but  do  the  office  of  oolli  at  the  same  time.  Such  arc  earth- 
worms, round-tailed  worms  found  in  the  intestines  of  men  and 
horses,  land-snails,  ami  those  of  fresh  waters,  and  all  the  sorts 
of  leeches.  And  as  all  these  arc  reptiles,  and  without  bones, 
it  is  inferred,  that  all  other  insects  which  have  two  characters, 
arc  also  hermaphrodites.  The  method  of  coupling  practised 
in  this  class  of  hermaphrodites  may  be  illustrated  in  the 
instance  of  earth-worms.  These  little  creatures  creep,  two  by 
two,  out  of  holes  proper  to  receive  them,  where  they  dispose 
their  bodies  in  such  a manner,  as  that  the  head  of  the  one  is 
tamed  to  the  tail  of  the  other.  Being  thus  stretched  length- 
wise, a little  conical  button,  or  papilla,  is  thrnst  forth  by  each, 
and  received  ioto  an  aperture  of  the  other;  these  animals 
being  male  in  one  part  of  the  body,  and  female  in  another. 

Among  the  insects  of  the  soft  or  boneless  kind,  there  are 
great  numbers  indeed  which  are  so  far  from  being  herma- 
phrodites, that  they  are  of  no  sex  at  all.  Of  this  kind  are  all 
the  caterpillars,  maggots,  and  worms,  produced  of  the  egga  of 
flies  of  all  kinds.  But  the  reason  of  this  is  plain  ; these  are 
not  animals  in  a perfect  state,  but  disguises  under  which 
animals  lork.  They  have  no  business  with  the  propagating  of 
their  species,  but  are  to  be  transformed  iuio  animals  of  another 
kind,  by  the  patting  off  their  several  coverings ; and  then  only 
they  arc  in  their  perfect  state,  and  therefore,  then  only  shqw 
the  differences  ox  sex,  which  are  always  in  the  distinct  ani- 
mals, each  being  only  male  or  female.  These  copulate,  and 
their  eggs  produce  those  creatures  which  shew  no  sex  till  they 
arrive  at  that  perfect  state  again.—  Watkins  Cyclopedia. 

Hermaphrodite  Flowers,  in  Botany,  are  so  called  on  ac- 
count of  their  containing  both  the  anthers  and  stigma,  the 
supposed  organs  of  generation,  within  the  same  calyx  and 
petals.  Of  this  kind  are  the  flowers  of  all  the  classes  in  Lin- 
noDi'i  method,  except  the  classes  monoccU  and  diaecia. 

HERMET1CAL  Philosophy,  is  that  which  professes  to 
explain  all  the  phenomena  of  nature,  from  the  three  chemical 
principles  of  salt,  sulphur,  and  mercury. 

Hermetical  Sealing,  is  used  to  denote  a peculiar  manner  of 
stopping  or  closing  glass  vessels  for  chemical  and  other  opera- 
tions, so  that  not  the  rarest  medium  can  either  escape  or  enter. 
This  is  usually  done  by  heating  the  neck  of  the  vessel  in  the 
flame  of  a lamp  with  a blow-pipe,  till  it  be  ready  to  melt,  and 
then  with  a pair  of  hot  pincers  twisting  it  close  together. 

HERSCHEL,  the  name  frequently  given  to  the  new  planet 
discovered  by  Dr.  Hcrschel ; it  is  otherwise  called  the  Geor- 
gian. or  Georgians  Sidus,  bat  now  more  commonly  Uranus. 
Sir  William  Hcrschel,  a very  celebrated  astronomer,  who  was 
originally  a musician  in  a marching  regiment,  hat  by  bis  genius 


and  industry,  raised  himself  to  the  honour  of  knighthood,  and 
a name  that  will  live  whilst  astronomical  science  shall  be  cul- 
tivated. This  great  observer  and  ingenious  optician  lived  to  a 
good  old  age,  many  years  of  which  he  passed  at  Slough,  in 
the  neighbourhood  of  Windsor,  where  the  principal  part  of  his 
observations  on  the  heavens  were  made. 

HESSE,  William,  Prince  op,  one  of  the  greatest  pro- 
moters and  encouragers  of  the  sciences  in  the  sixteenth  cen- 
tury. He  erected  an  observatory  at  Cassel,  and  fomished  it 
with  excellent  instruments  for  the  purpose  of  observing  the 
celestial  motions ; having  called  to  his  assistance  Christopher 
Rothmann  and  Juste  Uyrgs:  these  observations  were  pub- 
lished by  Wellebrord  Snell  at  Leyden,  in  1618,  and  are  of  a 
very  carious  nature  ; they  arc  also  mentioned  by  Tycho  Brahe, 
in  the  second  volume  of  bis  “ Progymnasmata."  This  prince 
died  in  1507. 

HETEROGENEOUS,  literally  imports  something  of  a 
different  kind,  in  opposition  to  homogeneous. 

Heterogeneous  Bodies,  are  bodies  of  unequal  density  and 
composition. 

Heterogeneous  Light,  that  which  consists  of  rays  of  differ- 
ent degrees  of  rcfraogibility. 

Heterogeneous  Sumbers,  consisting  of  integers  and  frac- 
tions. 

Heterogeneous  Quantities,  are  those  which  admit  of  no 
comparison  as  to  greater  or  less.  Thus,  a surface  and  a solid 
are  heterogeneous  quantities,  because  we  can  in  no  way  make 
comparison  between  them,  or  say  that  a surface,  however  large, 
is  greater  than  a solid,  however  small.  In  this  respect  it  has 
been  said,  that  momentum  and  pressure  are  heterogeneous 
quantities. 

Hsterogekeous  Surds,  arc  snch  as  have  different  radical 
signs,  as  y/aa,  /bb,  y/Q  V'  lH,  &C.  See  SURD. 

HETEROSCII,  iu  Geography,  are  such  inhabitants  of  tho 
earth  as  have  their  shadows  at  noon  projected  always  the 
same  way  with  regard  to  themselves,  or  always  contrary  ways 
with  respect  to  each  other.  Thus,  all  the  inhabitants  without 
the  torrid  zone  arc  heteroscii,  with  regard  to  themselves,  since 
any  one  such  inhabitant  has  his  shadow  at  noon  always  the 
same  way;  viz.  always  north  of  him  in  north  latitude,  and 
always  south  of  him  in  south  latitude. 

HEXACHORD,  in  ancient  Music,  a concord  called  by  tho 
moderns  a Sixth. 

HEXAEDRON,  or  IIexahedron,  one  of  the  five  regular  or 
platonic  bodies,  so  called  from  ils  having  six  faces.  The 
square  of  the  side  or  edge  of  a hexahedron,  is  one-tlurd  of  the 
square  of  the  diameter  of  the  circumscribing  sphere ; and 
hence  the  diameter  of  a sphere  is  to  the  side  of  its  inscribed 

hexahedron,  as  ^3  to  1. 

HEXAGON,  in  Fortification,  a place  defended  by  six 
bastions. 

HEXAMETER,  in  ancient  Poetrv,  a kind  of  verse  consist- 
ing of  six  feet ; the  first  four  of  which  may  be  indifferently 
either  spondees  or  dactyls  ; the  fifth  is  generally  a dactyl,  and 
the  sixth  always  a spondee.  Such  is  the  following  verse  of 
Horace : 

l 2 3 4 6 6 

Aut  jW£>|dtMf  rttlfua/,  pfl|rfar. 

Sometimes,  indeed,  a spondee  constitutes  the  fifth  foot ; 
whence  such  hexameter  verses  are  called  spondaic  ; as  in  this 
of  Virgil ; — 

1 2 3 4 5 6 

Card  D<  Urn  wwlfiium  /rfcfal  iarr«|MU:*fu» 

Epic  poems,  as  the  Iliad,  ASneid,  Ac.  consist  wholly  of  hexa- 
meter verses;  whereas  elegies  and  epistles  consist  usually  of 
hexameter  and  pentameter  verses  alternately. 

HIATUS,  properly  signifies  an  opening,  chasm,  or  gap  ; but 
it  is  particularly  applied  to  those  verses,  where  one  word  ends 
with  a vowel,  and  the  following  word  begins  with  one,  and 
thereby  occasion  the  month  to  be  more  opened,  and  the  sound 
to  be  very  harsh.  The  term  Hiatus  is  also  used  in  speaking  of 
manuscripts,  to  denote  their  defects,  or  the  parts  ttat  have 
been  lost  or  effaced. 
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HIDES,  the  skins  of  beasts  ; but  is  particularly  applied  to 
those  of  large  cattle,  as  bullocks,  cows,  buffaloes,  horses,  8tc. 
Haw  or  greet)  hide,  is  that  which  has  not  undergone  any  pre- 
paration. There  tire  also  hides  dried  in  the  hair.  Salted  hide, 
is  a green  hide  seasoned  with  sea  salt  and  alum  or  saltpetre, 
to  prev cut  its  corruption.  See  Ct’RRYixo  and  Tannins. 

Hide  of  Land,  was  such  a quantity  of  land  as  might  be 
ploughed  with  011c  plough  within  the  compass  of  a year. 

HIERARCHY,  Ibe  subordination  of  the  clergy,  ecclesiasti- 
cal polity,  or  the  constitution  of  the  Christian  church  consi- 
dered ns  a society. 

HIEROGLYPHICS,  in  antiquity,  mystical  characters  or 
symbols,  in  use  among  the  Egyptians,  and  that  as  well  in  their 
writings  as  inscriptions  : being  the  figures  of  various  animals, 
the  parts  of  human  bodies,  and  mechanical  instruments.  The 
meaning  of  a few  of  these  hieroglyphics  has  been  preserved. 
They  represented  the  Supreme  Deity  by  a serpent,  with  the 
head  of  a hawk.  The  hawk  itself  was  the  hieroglyphic  of 
Osiris  ; the  river-horse,  of  Typhon  ; the  dog,  of  Mercury  ; the 
rat,  of  the  Mima  or  Diann  ; the  beetle,  of  a courageous  war- 
rior. To  dreipher  the  more  ancient  hieroglyphics  has  hitherto 
balllcd  the  ingenuity  of  the  learned,  but  by  a comparison  of 
inscriptions  which  have  been  written  in  Greek,  the  hieroglyphic 
characters  used  for  letters  in  writing  proper  names  have  been 
fully  ascertained  ; and  hence  many  inscriptions  which  were  not 
accompanied  by  a corresponding  Greek  inscription,  have  been 
deciphered.  In  every  other  respect,  the  subject  is  in  as  much 
obscurity  a*  ever. 

HIGH  Water,  that  state  of  the  tides  when  they  have  flowed 
to  the  greatest  height,  in  w hicli  state  they  remain  nearly  sta- 
tionary for  about  10  or  20  minutes,  when  the  water  begins 
again  to  ebb.  The  time  of  high  water  is  always  nearly  the 
same  in  the  same  place  at  the  full  of  the  moon,  and  at  all 
other  times  the  time  of  high  water  depends  upon  the  age  of  the 
moon.  The  rule  for  finding  which,  the  age  of  the  moon  being 
given,  is  as  follows,  trie.  Add  } of  the  days  of  the  moon’s  age, 
as  so  many  hours,  to  the  time  of  high  water  at  the  full  of  the 
mor.n,  and  the  sum  is  the  time  of  high  water,  answering  to  that 
day  nearly.  The  time  of  high  water  at  London,  on  the  day  of 
the  full  moon,  is  three  o’clock  in  the  afternoon. 

HIGHWAY,  a public  passage  for  the  king’s  people,  whence 
it  is  called  the  king’s  highw  ay.  There  are  three  kinds  of  ways, 
a footway,  a pack  and  prime  way,  which  is  both  a horse  and 
foot  way,  and  a cart  way,  which  contain!  the  other  two.  A 
river,  common  to  all  men,  may  also  be  called  the  king’s  high- 
way ; and  nuisances  in  any  such  ways  arc  punishable  by 
indictment.  If  passengers  have  used,  time  out  of  mind,  where 
the  roads  are  bad,  to  go  by  outlets  on  the  land  adjoining  to  an 
highway  in  an  open  field,  such  outlets  arc  parcels  of  the  high- 
wav  ; and  therefore,  if  they  are  sown  with  corn,  and  the  track 
is  found  ami  can  be  trodden,  the  king’s  subjects  may  go  upon 
the  corn.  See  R run. 

Repairing  Highways.  — By  the  common  law,  the  general 
charge  of  repairing  all  highways  lies  on  the  occupiers  of  the 
lands  in  the  parish  wherein  t*  ey  arc.  Hut  it  is  said  that  the 
tenants  of  the  lands  adjoining  arc  bound  to  scour  their  ditches. 

Particular  persons  may  be  burdened  with  the  general  charge 
of  repairing  an  highway,  in  two  cases;  in  respect  of  an  enclo- 
sure, or  b)  prescription;  but  the  parish  cannot  take  advantage 
of  'his  on  the  general  issue,  but  must  plead  it  specially.  At 
common  law,  it  is  said,  that  all  the  county  ought  to  makegood 
the  reparations  of  an  highway,  w here  no  particular  persons  are 
bound  to  do  it.  By  the  ancient  common  law,  villages  arc  to 
repair  their  highways,  and  may  be  punished  for  their  decay  ; 
and  if  any  do  injury  to,  or  straighten  the  highway,  he  is 
punishable  in  the  King’s  Bench,  or  before  the  justices  of  peace 
in  the  court-leet,  &c.  Destroying  any  public  turnpike-gate,  or 
the  rails  or  fcncca  thereto  belonging,  subjects  the  offender  to 
hard  labour,  or  transportation  for  seven  years. 

Every  justice  of  the  peaoc,  by  the  statute,  upon  his  own  view, 
on  on  oath  made  to  him  by  the  surveyor,  maj  make  present- 
ments of  roads  being  out  of  repair ; and  thereupon,  like  pro- 
cess shall  be  issued  as  upon  indictment. 

HIM,  a Hebrew  measure  of  capacity  for  things  liquid,  con- 
taining the  sixth  part  of  an  epba,  or  one  gallon  two  pints, 
English  measure. 


HIND,  a female  stag  :n  the  third  year  of  its  age.  Set 

Cekvvs. 

HINGES,  the  joints  on  which  gates,  doors,  lids,  folds  of 
tables.  &c.  hang  and  turn  in  opening,  shutting,  and  folding. 

HIP  Roof,  among  carpenters,  called  also  Italian  Roof , is  a 
roof  which  has  neither  gable-head,  sbread-hcad,  nor  jerken- 
lieiid,  (by  which  is  meant  such  heads  as  arc  both  gable  and  hip 
at  the  same  end  ;)  for  it  is  a gable  or  upright,  ns  high  as  the 
collar  beam,  and  then  there  arc  two  sbott  hips,  which  shut  up 
with  their  tops  to  the  tops  of  a pair  of  rafters,  which  country 
carpenters  call  singlars.  A hip-roof  has  rafters  as  long,  and 
w ith  the  angle  of  the  foot,  &c.  at  the  ends  of  buildings,  as  it 
has  at  the  sides  ; and  the  feet  of  the  rafters,  at  the  end  of  such 
buildings  as  have  hip-roofs,  stand  on  the  same  plane,  viz. 
parallel  with  the  horizon,  and  at  the  same  height  from  the 
foundation,  with  rafters  on  the  sides  of  the  roof. 

HIPPOCRATES,  of  Chios,  a celebrated  mathematician  of 
antiquity,  who  flourished  about  460  y cars  before  Christ,  and  to 
whom  we  are  indebted  for  the  curious  property  of  the  lunes, 
which  bear  his  name,  and  which  were  the  first  curvilinear 
spaces  whose  quadrature  was  precisely  determined.  Sec  Lunes. 

Hippocrates  was  originally  a merchant,  and  is  represented  as 
having  been  u man  of  extreme  simplicity,  and  very  negligent  of 
his  own  affairs,  whereby  he  was  nearly  ruined.  This  circum- 
stance brought  him  to  Athens  to  arrange  his  concerns,  ami  here 
it  seems  that,  by  chance,  he  first  acquired  some  knowledge  of 
geometry,  which  lie  ufterwards  prosecuted  with  the  greatest 
success,  and  taught  it  in  the  school  of  Pythagoras,  from  which, 
however,  it  is  said  he  was  afterwards  expunged  for  having 
received  money  for  his  instruction. 

HIPPOPOTAMI’S,  in  Natural  History,  a genus  of  mamma- 
lia, of  the  order  helium.  This  animal  is  supposed  to  be  the  behe- 
moth described  in  the  book  of  Job.  When  full-grown,  they  are 
from  II  to  1*2  feet  in  length.  Mr.  Bruce  reports,  that  they  are 
occasionally  found  even  of  the  length  of  twenty  feet.  Their 
form  is  awkward;  the  head  astonishingly  large,  and  the  body 
extremely  fat  and  round;  the  legs  arc  very  short  and  thick, 
and  the  teeth  of  vast  strength  and  size.  The  whole  animal  is 
covered  with  short  hair  ; its  skin  is  so  tough,  as  in  some  parts 
to  resist  a bullet ; and  its  colour,  when  dry,  is  an  obscure 
brown.  It  inhabits  the  warmer  latitudes,  and  is  to  be  found 
chiefly  in  the  interior  of  Africa,  in  the  largest  rivers,  in  which 
it  ranges  at  the  bottom,  sometimes  reaching  the  surface  for  the 
purpose  of  respiration.  By  night  it  quits  the  water  to  feed, 
and  devours  a vast  quantity  of  grass,  and  the  tender  branches 
of  trees.  Its  disposition  has  nothing  in  it  sanguinary  or  fero- 
cious ; it  never  attacks  other  animals.  It  frequently  commits 
great  depredations  on  the  plantations  of  corn  or  sugar  which 
arc  within  the  reach  of  ils  nocturnal  progresses,  and  by  destroy- 
ing with  its  vast  teeth  the  roots  of  trees.  Its  motion  on  land  is 
inelegant  and  slow;  yet  if  surprised  and  pursued,  it  runs  with 
great  speed  till  it  reaches  the  water,  into  which  it  instantly 
plunges  ; and  though  it  is  able  to  swim  w ith  great  rapidity,  its 
progress  in  the  water  is  at  the  bottom  by  walking.  If  wounded 
in  the  water,  it  sometimes  is  highly  infuriated,  and  has  been 
known  to  attack  the  boats  or  canoes,  which  il  supposed  to  con- 
tain its  enemy,  and  overturn  them  by  its  vast  strength,  or  sink 
them  l>y  making  a large  hole  iu  them  with  its  teeth.  It  pro- 
duces but  one  at  a birth,  generally  in  the  little  rushy  isles  of  the 
rivers  which  it  frequents,  and  in  these  islets  it  generally 
sleeps.  When  taken  young,  it  is  capable  of  being  tamed. 
These  animals  arc  sometimes  seen  in  considerable  numbers, 
ranging  for  several  miles  beyond  the  hnnks  of  their  rivers. 
They  arc  valued  by  the  natives  of  Africa  for  food,  and  the  fat 
which  it  supplies  is  supposed  to  be  equal  to  that  of  the  bog. 
The  feet  arc  highly  gelatinous,  and  regarded  as  a particular 
delicacy.  With  their  skins  the  warriors  of  Africa  arc  furnish- 
ed with  shields  and  bucklers.  Their  tusks  arc  whiter  than 
those  of  the  elephant,  and  retaining  tbeir  original  clearness  and 
beauty,  are  preferred  by  dentists  for  artificial  teeth  to  every 
other  substance. 

HIRE,  Philip  de  la,  an  eminent  French  mathematician 
and  astronomer,  was  born  at  Paris  in  1040.  Dc  la  Hire  wan 
employed  with  Picard  in  making  the  necessary  observations 
for  constructing  anew  and  accurate  map  of  France,  a task 
] which  he  execiiledwilb  the  greatest  ability,  at  the  same  time 
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making  other  observations  on  the  height  of  mountains,  the 
variation  of  the  magnetic  needle.  Ike. 

HIRUDO,  the  Leech,  a genus  of  the  vermes  intestina  class 
and  order.  The  body  moves  cither  forward  or  backward.  There 
are  seventeen  species,  principally  distinguished  by  their  colour. 
The  most  remarkable  is  the  medicinal  leech,  which  grows  to  the 
length  of  two  or  three  inches.  The  body  is  of  a blackish  brow  n 
colour,  marked  on  the  back  with  six  yellow  spots,  mid  edged 
with  a yellow  line  on  each  side ; bat  both  the  spots  and  the 
lines  grow  faint,  and  almost  disappear  at  some  seasons.  The 
bead  is  smaller  than  the  tail,  which  fixes  itself  very  firmly  to 
any  thing  the  creatnre  pleases.  It  is  viviparous,  and  produces 
but  one  young  at  a time,  which  is  in  the  month  of  July.  It  is 
an  inhabitant  of  clear  running  waters,  and  is  well  known  for  its 
use  in  bleeding.  The  mouth  of  the  leech  is  armed  with  a sharp 
instrument,  that  makes  three  wounds  at  once,  and  may  be  com- 
pared to  the  body  of  the  pump,  and  the  tongue  or  fleshy  nipple 
to  the  sucker;  by  the  working  of  this  piece  <>f  mechanism  the 
blood  is  made  to  rise  op  to  the  conduit  which  conveys  it  to  the 
animal’s  stomach,  which  Isa  membranaceous  skin,  divided  into 
twenty -four  cells.  The  blood  which  is  sucked  out  is  there 
preserved  for  several  months,  almost  without  coagulating,  and 
proves  a store  of  provision  to  the  animal  It  is  used  in  medi- 
cine. being  applied  to  the  skin  in  order  to  draw  olf  blood. 
With  this  view  they  are  employed  to  phlebotomize  young  chil- 
dren. If  the  leech  does  not  fasten,  a drop  of  sugared  milk  is 
put  on  the  spot  it  is  wished  to  fix  on.  or  n little  blood  is  drawn 
by  meunsof  a slight  puncture,  after  which  it  immediately  set- 
tles. The  leech,  when  fixed,  sbuuld  be  watched,  lest  it  should 
find  its  way  into  the  anus  when  used  for  the  hemorrhoids,  or 
penetrate  into  the  (esophagus,  if  employed  to  draw  the  gums. 
In  such  a case,  the  best  and  quickest  remedy  is  to  swallow 
some  salt ; which  is  the  method  practised  to  make  it  looso  its 
hold  when  it  sucks  longer  than  it  was  intended. 

II.  sanguisuga,  horse  leech:  is  elongated,  olive-brown,  with 
on  ochre-yellow  marginal  hand ; found  in  stagoant  waters, 
ditches,  and  ponds;  from  four  to  six  inches  long  ; body  above 
dull  olive  black,  with  an  ochre  margin  on  each  side;  beneath 
paler,  with  sometimes  a few  black  spots:  tail  thicker  than  the 
head.  This  species  sucks  blood  with  great  avidity,  and  iu 
large  quantities. 

HI  RU  NIK),  the  Swallow , in  Natural  History,  a genus  of  birds 
of  the  order  passcres.  These  live  almost  perpetually  in  the 
uir,  and  perform  in  it  every  act  of  their  nature.  They  subsist 
upon  the  insects  with  which  that  element  abounds,  and  which 
they  catch  on  the  wing  with  admirable  dexterity  ; and  for 
this  purpose  they  are  furnished  with  a most  extraordinary 
power  of  distending  their  jaws.  The  service  they  perform  to 
man  by  their  incessant  assiduity  in  this  work  of  destruction  is 
not  lightly  to  be  appreciated,  and  those  who  observe  the  crowd- 
ed population  of  the  atmosphere  through  the  beams  of  a sum- 
mer evening,  will  easily  be  led  to  believo  that,  but  for  the  in- 
terception of  incalculable  myriads  of  insects  by  these  birds, 
the  annoyance  of  man  by  these  minute  animals  would  be  highly 
distressing,  and  perhaps  almost  intolerable.  Various  opinions 
have  been  formed  of  the  state  in  which  they  exist  during  the 
time  of  their  disappearance  : some  imagining  them  to  lie  torpid 
in  the  hanks  of  rivers,  or  in  decayed  trees,  or  in  ruined  edifices 
or  vaults:  and  others,  that  they  retire  for  the  winter  from  the 
air  to  the  water,  lying  in  immense  clusters,  like  swarms  of  bees 
at  the  bottoms  of  rivers.  Particular  facts  arc  on  record,  by 
respectable  testimony,  in  favour  of  both  these  hypotheses.  It 
is  also  attested,  on  similar  authority,  that  migrations  of  these 
birds  actually  take  place,  and  that  they  quit  this  country 
towards  winter,  for  one  where  they  may  enjoy  a milder  climate, 
and  more  plentiful  food.  They  are  to  be  met  with  in  every 
country  of  the  world,  and  in  all,  or  nearly  so,  arc  found  to  be 
migratory.  There  are  thirty-seven  species. 

The  house  swallow,  appears  in  March  in  this  country,  and 
leaves  it  in  September.  It  generally  builds  in  chimneys,  or 
under  tho  eaves  of  bouses,  and  will  return,  unless  interrupted, 
to  its  original  haunt  for  a number  of  years.  These  birds 
breed  twice  a year.  They  are  easily  rendered  familiar;  and 
it  has  been  calculated  that  a single  swallow  will  devour  from 
seven  hundred  to  a thousand  (lies  in  one  day. 

The  martin  arrives  in  this  country  rather  Ulcrlhan  the  swal- 
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low,  and  remains  longer.  It  builds  often  in  the  crags  of  rocks 
near  the  sea  ; often  under  the  eaves  and  cornices  of  houses.  As 
soon  ns  the  young  are  able  to  Ity,  they  are  lea  oy  the  old  birds 
upon  the  wing,  by  a process  so  rapid  and  instantaneous,  as 
almost  to  he  deemed  incredible  by  those  who  have  not  actually 
witnessed  it.  Before  their  departure,  they  collect  in  immense 
Hocks  in  the  small  islands  of  the  Thames,  where  they  roost, 
and  in  their  flight*  about  which  they  almost  obscure  by  tbetr 
□ umbers  die  face  of  the  sky. 

The  swift  arrives  la:cr  and  quits  sooner  than  any  other  spe- 
cies, and  is  also  larger  and  stronger.  It  builds  ia  elevated 
situations,  particularly  about  churches  and  steeples.  As  these 
bird*  catch  at  almost  every  thing  in  the  air,  they  are  taken 
sometimes  by  a cock-chaffer  or  other  insects  lied  to  a thread. 
They  rotire  during  the  heat  of  the  day,  but  in  the  morning 
nnd  evening  arc  incessantly  on  the  wing,  taking  higher  and 
bolder  flights  than  the  swallows,  and  always  keeping  separate 
from  them.  They  leave  this  island  in  August. 

The  Chinese  swallow,  is  said  to  be  less  than  the  wren  by 
some  authors,  while  others  attribute  to  it  the  size  of  (he  martin. 
This  bird  is  principally  remarked  for  its  nest,  which  is  regard- 
ed as  one  of  the  greatest  luxuries  on  which  the  epicure  can 
banquet. 

HISTORY,  is  a connected  recital  of  past  or  present  events. 
It  is  the  office  of  the  historian  to  trace  the  progress  of  man 
from  the  savage  state  and  through  the  intermediate  degrees  of 
civilisation,  to  the  nearest  approach  to  perfection  of  which 
social  institutions  are  capable.  It  falls  within  his  province  to 
note  the  effects  of  laws  and  political  regulations,  and  to  record 
the  revolutions  which  have  been  produced  in  states  by  exter- 
nal violence,  or  the  gradual  corruption  of  ancient  systems  of 
government.  The  record  of  past  transactions,  when  diligently 
and  minutely  examined,  will  present  to  the  politician  matter 
of  warning  and  of  instruction,  and,  in  a moral  point  of  view,  his- 
tory is  extremely  useful,  as  it  points  oat  the  issues  of  things, 
and  exhibits,  as  its  general  result,  the  reprobation  consequent 
upon  vice,  and  the  glory  which  awaits  virtue. 

The  student  of  history  must  make  himself  master  of  the  de- 
tails of  geography,  the  principles  of  statistical  calculations,  and 
the  minutiae  of  chonolo^ical  researches.  He  ought  likewise 
to  be  animated  by  a spirit  of  philosophical  inquiry,  that  be  may 
distinguish  truth  from  falsehood,  and  be  able  to  deduce  useful 
consequences  from  the  facts  passing  in  review  before  him,  in 
the  obscure  records  of  former  times,  or  amidst  the  misrepre- 
sentations of  factious  malignity.  He  must  have  a minute 
knowledge  of  tho  human  heart,  and  give  due  weight  to  circum- 
stances aod  situations.  Let  him  not  direct  his  chief  attention 
to  the  frivolous  anecdotes  of  a court,  but  to  the  circumstances 
which  stamp  the  character  aud  decide  the  destiny  of  a nation. 

HIVE.  Set  Bee. 

HOI),  an  instrument  used  to  carry  bricks  and  mortar  in  up 
ladder*. 

HOE,  in  country  affairs,  a tool  made  like  a cooper's  adze,  to 
cut  upwards,  in  gardens,  fields,  kc. 

HOKE  Day,  the  Tuesday  after  Easter  week,  which  was  the 
day  on  which  the  English  conqueied  and  expelled  the  Danes; 
this  was  therefore  kept  as  a day  of  rejoicing,  a id  a duty,  called 
Hoke  Tuesday  money,  was  paid  to  the  landlord,  for  giving  his 
tenants  and  bondmen  leave  to  celebrate  it. 

HOLCUS,  Indian  Mullet , or  Corn , a genus  of  the  polygamia 
moncecia  class  and  order  of  plant*.  Natural  order  uf  grasses. 
Essential  character:  hermaphrodite,  calyx  glume,  one  or  two 
flowered;  corolla  glume,  awned  ; stamina  three;  styles  two; 
seed  one  ; male,  calyx  glume,  two-valved ; corolla  none  ; sta- 
mina three.  There  are  16  species. 

HOLD,  the  whole  interior  cavity  or  belly  of  a ship,  or  all 
that  part  of  her  inside  which  is  comprehended  between  the 
floor  and  the  lower  deck,  throughout  her  length.  This  capa- 
cious apartment  usually  contains  the  ballast,  provisions,  and 
stores  or  a ship  of  war,  and  the  principal  part  of  the  cargo  in 
a merchantman  ; in  the  former  it  is  divided  into  several  apart- 
ments (by  bulk-heads)  which  are  denominated  according  to  the 
articles  which  they  contain,  as,  the  fish-room,  the  spirit-room, 
the  magazine,  the  bread  room,  &c.  See  the  article  Stowage. 

The  after  Hold,  is  that  which  lies  abaft  the  main  mast,  and  i* 
usually  set  apart  for  the  stowage  uf  the  provisions  in  ships  of  wtu 
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The  fore  Hold,  denotes  that  part  of  the  hold  which  is  situ- 
a ted  in  the  fore  part  of  the  ship,  or  about  the  fore  hatchway. 

It  is  usually  in  continuation  with  the  main-hold,  and  serves  the 
same  purposes. 

The  main  Hold,  that  part  which  is  just  before  the  main-mast, 
and  which  generally  contains  the  fresh  water  and  beer  for  the 
dhc  of  the  ship’s  company. 

Hold  Fast,  a large  piece  of  iron,  in  the  shape  of  the  letter  S, 
fixed  into  the  wall  to  strengthen  it.  Alsu  » tool  used  by 
joiners,  carvers,  Ac.  which  goes  through  their  benches  to  hold 
fast  work  that  cannot  be  finished  in  the  hand. 

HOLLAN  D,  a fine  and  close  kind  of  linen,  so  called  from  its 
being  first  manufactured  in  Holland. 

HOLLOW  Square,  in  the  Military  art,  abody  of  foot  soldiers 
drawn  up,  with  an  empty  space  in  the  middle  for  colours, 
baggage,  Ac. 

HOLOCENTRUS,  a genus  of  the  order  of  the  thoracici,  of 
which  there  arc  35  species. 

HOLOMETER,  a mathematical  instrument  that  serves  uni*  ' 
versally  for  takiog  all  measures,  both  on  the  earth  and  in  the 
heavens. 

HOME,  in  a Naval  sense,  signifies  the  situation  of  some 
object  where  it  retains  its  full  force  of  action,  or  where  it  is 
properly  lodged  for  convenience  or  security.  In  the  former 
sense,  it  is  applied  to  the  sails,  and  in  the  latter  it  usually  ' 
refers  to  the  stowage  of  the  hold,  or  the  anchors. 

To  haul  Home  the  Topsail- sheet i,  is  to  extend  the  bottom  of 
the  top  sail  to  the  lower  yard-arms  by  means  of  the  sheets. 

Sheet  Homp.  the  Top-gafUnt-sails,  the  order  to  extend  the 
elucs  of  those  sails  to  the  top-sail  yard-arms. 

In  the  stowage  of  the  hold,  a cask  is  said  to  be  home  when 
it  bears  against  or  lies  close  to  some  other  object,  and  Indeed 
the  security  or  firmness  of  the  stowage  greatly  depends  on  this 
circumstance. 

The  Cartridge  is  Home,  t e.  is  rammed  close  down,  so  as 
that  the  priming-wire  may  pierce  it  through  the  touch-hole. 

HOMER,  Omf.k,  Corns,  or  Chomer , in  Jewish  antiquities,  a 
measure  containing  ten  baths,  or  seventy-five  gallons  and  five 
pints,  as  a measure  for  things  liquid  ; and  thirty-two  pecks  and 
one  pint,  as  a measure  for  things  dry. 

HOMICIDE,  in  Law  , the  killing  of  a man  by  man.  Of  this 
there  are  several  species,  as  homicide  by  self-defence,  homi- 
cide bj  misadventure,  justifiable  homicide,  manslaughter, 
chance  medley,  and  murder.  Homicide  by  self-defence,  or  se 
defendendo,  is  where  one  has  no  other  possible  means  of  pre- 
serving his  life  from  one  who  combats  with  him  on  a sudden 
quarrel,  and  kills  tho  person  by  whom  he  is  reduced  to  such 
inevitable  necessity. 

Homicide,  by  misadventure,  is  where  a man  in  doing  a law- 
ful act,  without  any  intent  to  hurt,  unfortunately  chances  to  kill 
another.  Neither  homicide  by  misadventure,  nor  homicide  se 
defendendo,  are  felonious,  because  not  accompanied  with  a 
felonious  intent. 

Homicide,  Justifiable.  To  make  homicide  justifiable,  it  must 
be  owing  to  some  unavoidable  necessity,  to  which  a person 
who  kills  another  must  he  reduced,  without  any  manner  of 
fault  in  himself.  Justifiable  homicide  of  a public  nature  is  such 
ns  is  occasioned  by  the  due  execution  or  advancement  of 
public  justice. 

Homicide,  Manslaughter,  is  either  with  or  without  malice; 
that  which  is  without  malice  is  called  manslaughter,  or  some- 
times chance  medley,  or  chaud  medley;  by  which  is  understood 
such  killing  as  happens  either  on  a sadden  quarrel,  or  in  the 
commission  of  an  unlawful  act.  without  any  deliberate  inten- 
tion of  doing  any  mischief  at  all.  The  only  difference  between 
murder  and  manslaughter  is,  that  murder  is  upon  malice 
aforethought,  and  manslaughter  upon  a sudden  occasion. 

Chance , or  Chaud  Medley.  Authors  of  the  first  authority 
disagree  about  the  application  of  this  word.  By  some  it  is  ap- 
plied to  homicide  by  misadventure,  by  others  to  manslaughter. 

Murder  it  the  blithest  crime  against  the  law  of  nature  that  a 
man  is  capable  of  committing.  It  is,  when  a man  of  sound 
memory,  and  at  the  sue  of  discretion,  nnlawfnlly  kills  another 
person  under  the  king’s  paece  with  malice  aforethought,  cither 
expressed  by  the  party,  or  implied  by  the  law,  so  as  the  party 
wouaded  or  hurt  die  of  the  wound  or  hurt  within  a year  and  a 


day,  the  whole  day  on  whlrh  the  hurt  was  done,  being  reckoned 
the  first. — The  law  so  far  abhors  all  duelling  in  cold  blood,  that 
not  only  the  principal  who  actually  kills  the  other,  but  also  his 
seconds  and  those  of  the  persons  killed  arc  accounted  guilty  of 
murder. 

HOMINE  Rkflegiando,  a writ  to  bail  a man  out  of  prison. 

HOMO,  Man,  in  Natural  History,  is  ranked  by  Linnasug 
under  the  order  primates,  which  is  characterised  by  having  four 
cutting  teeth  in  the  upper  and  lower  jaw,  and  two  mamma;  in 
the  breast. 

HOMOGENEAL,  or  Homogeneous,  is  a term  applied  to 
various  subjects  to  denote  that  they  consist  of  similar  parts, 
or  of  parts  of  the  same  nature  and  kind  ; in  contradistinction 
to  heterogeneous,  where  the  parts  are  of  different  natures,  Ac. 

Natural  bodies  are  generally  composed  of  homogeneous 
parts,  as  a diamond,  a metal,  Ac.  Artificial  bodies,  on  the 
contrary,  are  assemblages  of  heterogeneous  parts,  or  parts  of 
different  qualities,  as  a building  of  stone,  wood.  Ac. 

Homogenkal  Light,  is  that  whose  rays  are  all  of  one  and  the 
same  colour,  degree  of  refrangibility,  and  reflexibility. 

Thus  if  the  ratio  of  A to  B be  the  same  as  that  of  C to  D 
A is  homologous  to  C as  B to  D;  because  of  the  similitude 
between  the  antecedents  and  consequents.  The  two  antece- 
dents and  the  two  consequents,  then,  in  any  continued  geome- 
trical proportion,  are  homologous  terms. 

Thus,  the  base  of  one  triangle  is  homologous  to  tho  base  of 
another  similar  triangle;  so  in  similar  triangles,  the  sides 
opposite  to  equal  angles  are  said  to  be  homologous. 

Equiangular,  or  similar  triangles,  have  their  homologous 
sides  proportional. 

All  similar  triangles,  rectangles,  and  polygons,  are  to  each 
other  as  the  squares  of  their  homologous  sides. 

HOMOGENEOUS  Surds,  those  which  have  the  same  radi- 
cal character  or  signs,  as  and 

HOMOLOGOUS,  In  Geometry,  an  appellation  given  to  the 
corresponding  sides  and  angles  of  similar  figures,  as  being 
proportional  to  each  other. 

HONE,  a fine  kind  of  whetstone,  used  for  setting  razors,  Ac. 

HONEY,  is  a sweet  and  fluid  .substance,  which  is  collected 
from  flowers,  and  deposited  in  the  cells  of  the  combs  for  sup- 
port of  the  bees  and  their  offspring.  The  honey  made  by  young 
bees  is  purer  than  any  other,  and  is  thence  called  rt'roia  hoary. 
Before  the  discovery  of  sugar,  honey  was  of  ranch  greater 
importance  than  it  is  at  present.  Yet,  both  as  a delicious 
article  of  food,  and  as  the  basis  of  a wholesome  fermented 
liquor  called  mead,  it  is  of  no  mean  value  even  iu  this  country  ; 
but  in  many  parts  of  the  continent,  where  sugar  is  much  dearer 
than  with  us,  few  articles  of  rural  economy,  not  of  primary 
importance,  would  be  dispensed  with  more  reluctantly  than 
honey.  In  the  Ukraine,  some  of  the  peasants  have  each  400  or 
500  bee-hives,  and  make  more  profit  of  their  bees  than  of  corn. 
And  in  Spain  the  number  of  hives  is  almost  incredible;  a single 
parish  priest  is  stated  to  have  possessed  5000. 

HONEY-COMB,  in  Gunnery,  is  a flaw  in  the  metal  of  apiece 
of  ordnance,  when  it  is  ill  cast  and  spongcous.  See  the  arti- 
cle Gun. 

HONOUR,  in  Law,  is  used  especially  for  the  more  noble 
sort  of  seigniories  on  which  other  inferior  lordships  or  manors 
depend,  by  performance  of  some  customs  or  services  to  those 
who  are  lords  of  them.  Before  tbe  statute  18  Edward  I.  the 
king’s  greater  barons,  who  had  a large  extent  of  territory 
holdcn  under  the  crown,  frequency  granted  out  smaller  manors 
to  inferior  persons  to  be  holuen  of  themselves:  which  therefore 
now  continue  to  be  held  under  a superior  lord,  who  is  called  in 
such  cases  the  lord  paramount  over  all  these  manors  ; and  his 
seigniory  is  frequently  termed  an  honour,  not  a manor,  espe- 
cially if  it  has  belonged  to  an  ancient  feudal  baron,  or  been  at 
any  time  in  the  hands  of  the  crown.  When  tbe  king  grants  au 
honour  with  appurtenances,  it  is  superior  to  a manor  with  ap- 
purtenances ; for  to  an  honour,  by  common  intendment,  apper- 
tain franchises,  and  by  reason  of  those  liberties  and  franchises, 
it  is  ealled  an  honour. 

Honour,  Courts  of.  Those  which  determine  disputes  con- 
cerning precedency  and  points  of  honour. 

HONOURS,  Military.  All  armies  salute  crowned  heads 
In  the  most  respectful  manner,  colours  and  standards  dropping, 
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and  officers  saluting.  Different  ranks  of  officers  are  sainted  in 
a different  mode. 

Honours  of  War,  are  terms  granted  to  a vanquished  enemy, 
and  by  which  bo  is  permitted  to  march  out  of  town,  See.  with 
all  the  insignia  of  military  etiquette. 

HOOD,  a sort  of  low  wooden  porch,  resembling  the  compa- 
nion, (which  see)  of  the  master's  cabin,  and  is  placed  over  the 
ladder  which  leads  to  the  steerage  in  merchant  ships.  Its  use 
is  to  prevent  the  rain  from  falling  into  the  steerage,  but  at  the 
same  time  to  admit  the  air  and  light. 

Hood,  is  also  a name  given  to  the  upper  part  of  a galley- 
chimney,  which  being  in  the  shape  of  the  letter  L reversed,  is 
trimmed  or  turned  round  according  to  the  various  directions  of 
tho  wind,  that  tho  smoke  may  nlwavs  fly  to  leeward. 

Fore  Hood,  or  After  Hood,  or  Whoid,  or  Whooden  Ends,  a 
name  given  to  the  ends  of  the  planks  which  are  let  into  the 
channels  of  the  stem  and  stern-post. 

Hood,  of  a Pump,  a short  semi-cylindrical  frame  of  wood, 
serving  to  cover  the  upper  wheel  of  a chain-pump. 

Fatal  Hoods,  or  W hoods,  large  thick  pieces  of  timber,  which 
encircle  the  hawse-holes. 

HOOK.,  a crooked  piece  of  iron,  of  which  there  are  several 
kinds,  of  different  shapes  and  sices,  used  at  sea;  as  boat- 
books,  breast-books,  can-hooks,  cat-hooks, fish-hooks, Ate.  which 
see.  Foot-hooks  are  the  same  as  Futtocks,  which  see. 

Laying  Hook,  a winch  for  twisting  a rope,  used  in  rope- 
making. 

Loaf  Hooks,  a tackle  with  two  hooks,  ono  to  hitch  into  a 
cringle  of  the  main  or  fore-sail  in  the  bolt-rope,  at  the  leach  of 
tho  sail  by  the  clew,  and  the  other  is  to  hitch  into  a strap  which 
is  spliced  to  the  chess-tree.  Their  use  is  to  pull  down  the  sail, 
and  succour  the  tacklo  in  a large  sail  or  stiff  galo,  that  all  the 
stress  may  not  bear  upon  the  tack.  It  is  also  used  when  the 
teck  is  to  be  seized  more  secure,  and  to  take  off  or  put  on  a 
bonnet  or  drablcr. 

Hook  and  Butt , the  scarfing  or  laying  two  ends  of  planks 
over  each  other. 

nooK  Pins,  are  bolts  made  with  a shoulder  at  one  end,  and 
used  by  carpenters  in  framings. 

HOOKE,  Rokert,  a celebrated  mathematician,  was  born  in 
the  Isle  of  Wight,  io  1635,  and  very  early  gave  proofs  of  a very 
superior  genius:  he  was  first  an  assistant  to  l)r.  Wallis,  and 
afterwards  to  Mr.  Boyle,  to  whom  he  was  very  useful  in  the 
construction  of  his  air-pump.  He  was  a man  of  great  mecha- 
nical genius,  and  the  sciences  arc  indebted  to  him  for  several 
valuable  instruments  and  improvements.  The  following  are 
the  inventions  and  discoveries  to  which  he  laid  claim  : 

The  wheel  barometer ; a scapemcnt  for  maintaining  the 
vibration  of  the  pendulum;  the  double-barrelled  air-pump: 
the  conical  pendulum ; an  engine  for  cutting  clock  and  watch 
wheels ; a method  of  supplying  air  to  a diving-bell ; a reflecting 
quadrant;  the  marine  barometer;  the  marine  gage;  a uni- 
versal joint  for  mechanical  purposes ; besides  a great  variety 
of  other  mechauical  contrivances,  which  our  limits  will  not 
admit  of  detailing.  His  writings  are  both  numerous  and 
valuable ; but  all  his  discoveries  and  inventions  arc  now  the 
common  property  of  science.  Hooke  was  professor  of  mathe- 
matics iu  the  Royal  Society,  and  at  Gresham  College,  London, 
where  he  died  in  1703. 

HOPPER,  a kind  of  basket,  wherein  the  seed-corn  is  car- 
ried at  the  time  of  sowing.  It  is  also  used  for  the  wooden 
trough  in  a mill,  into  which  the  corn  is  put  to  be  ground.  See 
Mill. 

HOPS,  the  dried  flower-buds  of  a British  climbing  plant, 
which  in  some  parts  of  England  grows  wild  ; bat  which  gene- 
rally are  cultivated  in  plantations  that  require  the  growth  of 
some  years  before  they  are  in  perfection.  The  plants  begin  to 
push  op  their  young  stems  about  the  month  of  April.  When 
these  are  three  or  four  inches  above  the  ground,  poles  about 
twenty  feet  high  are  driven  in  to  support  them  in  their  growth. 
The  season  for  picking  hops  usually  commences  about  the  mid- 
dle of  September.  This  work  is  performed  by  men.  women, 
and  children.  Proper  baskets,  hios,  or  cribs,  beingin  readiness, 
the  plants  are  cut  off  close  to  the  ground,  and  the  poles  drawn 
up,  These  are  placed  upon  the  bins,  with  the  plants  upon 
them,  and  three  or  more  persons  on  each  side  pick  off  the  hops. 


After  this  they  are  dried  in  a kiln,  and  when  dry,  are  carried 
into,  and  kept  for  five  or  six  days  in  an  apartment  called  the 
stowage  room,  until  they  are  in  a state  to  be  put  into  bags. 
This  is  done  through  a round  hole,  or  trap,  cut  in  the  floor  of 
the  stowage-room,  exactly  equal  to  the  dimensions  of  tho 
mouth  of  the  bag,  and  immediately  under  which  to  a frame  of 
wood  this  mouth  is  fastened.  In  each  of  the  lower  corners  of 
the  hag  a small  handful  of  hops  is  tied;  and  a person  called 
the  packer  places  himself  in  It,  and,  by  a heavy  leaden  weight, 
which  he  constantly  moves  round  in  the  places  where  he  is  not 
treading,  presses  and  forces  tike  hops  down,  iu  a very  close 
manner,  into  the  hag,  as  fast  as  they  are  thrown  to  him  by 
another  labourer.  The  work  thus  proceeds  till  the  bag  is  <juito 
full,  when  each  of  the  upper  corners  has  a few  hops  tied  in  it, 
in  the  same  manner. 

HORARY,  or  Hour  Circle  of  a Globe,  is  a small  brazen 
circle,  fixed  upon  the  brazen  meridian,  divided  into  twenty- 
four  hours,  having  an  index  moveable  round  tho  axis  of  tbo 
globe,  which  upon  turning  the  globe  fifteen  degrees,  will  shew 
what  places  have  the  sun  an  hour  before  or  after  os. 

Horary  Circlet  or  Lines,  in  Dialling,  are  the  lines  or  circles 
which  mark  the  hours  on  sun-dials.  See  Dialling. 

Horary  Motion  of  the  Earth , tbo  arch  it  describes  in  the 
space  of  an  hour,  which  is  nearly  15  degrees,  though  not 
accurately  so,  as  the  earth  moves  with  different  velocities, 
according  to  its  greater  or  lesser  distance  from  the  sun. 

HORDE,  in  Geography,  is  used  for  a company  of  wandering 
people,  which  have  no  settled  habitation,  but  stroll  about, 
dwelling  in  waggons  or  under  tents,  to  be  ready  to  shift  as 
soon  as  the  herbage,  fruit,  and  the  present  produce,  is  eaten 
bare. 

HORDBUM,  in  Botany,  Barley,  a genus  of  the  triandria 
digynia  class  and  order.  Natural  order  of  grasses.  Essential 
character:  calyx  lateral,  two-valved,  one-flowered,  by  threes, 
at  each  toothlet  of  the  rachis.  There  are  nine  speeies. 

HORIZON,  the  line  that  seems  to  link  the  land  or  sea  and 
sky  ; and  it  is  either  rational  or  sensible. 

The  Rational,  True,  or  Astronomical  Horizon,  whieh  is  also 
called  simply  and  absolutely  the  horizon,  is  a great  circle, 
whose  piano  passes  through  the  centre  of  the  earth,  and  whose 
poles  are  the  zenith  and  nadir.  It  divides  the  sphere  into  two 
equal  parts  or  hemispheres. 

The  Sensible,  Visible,  or  Apparent  Horizon,  is  a lesser  circle 
of  the  sphere,  which  divides  the  visible  part  of  the  sphere  from 
tbo  invisible.  Its  poles  are  likewise  the  zenith  and  nadir;  and 
consequently  the  sensible  horizon  is  parallel  to  the  rational, 
and  it  is  cut  at  right  angles,  and  into  two  equal  parts,  by  the 
vertical.  These  two  horizons,  though  distant  from  each  other 
by  the  semidiameter  of  the  earth,  will  appear  to  coincide,  when 
continued  to  the  sphere  of  the  fixed  stars,  because  the  earth 
compared  with  this  sphere  is  but  a point.  The  sensible  hori- 
zon is  divided  into  eastern  and  western. 

Tho  Eastern  or  Ortice  Horizon,  is  that  part  of  the  horizon 
wherein  the  heavenly  bodies  rise. 

The  Western  or  Oceidual  Horizon,  is  that  wherein  the  stars 


set. 

By  sensible  horizon  is  also  frequently  meant  a circle,  which 
determines  the  segment  of  the  surface  of  the  earth,  over  which 
the  eye  can  reach ; called  also  the  physical  horizon.  In  tbiz 
sense  we  say,  a spacious  horizon,  a narrow  scanty  horizon. 

It  is  manifest,  from  the  _ 


annexed  figure,  that  the 
higher  the  spectator  is  rais- 
ed above  the  earth,  the  far- 
ther this  visible  horizon  will 
extend,  as  the  respective  dis- 
tances AD.  BA,  will  be  the 
greater.  On  account  of  the 
refraction  of  the  atmosphere, 
distant  objects  on  the  horizon 


appear  higher  than  they  really  are,  or  appear  less  depressed 


below  the  true  horizon  S S,  and  may  be  seen  at  a greater  dis- 


tance, especially  on  the  sea.  Legendre  says,  that,  from  several 
experiments,  he  is  induced  to  allow  for  refraction  a 14th  part 
of  the  distance  of  the  place  observed,  expressed  in  degrees 
and  minutes  of  a great  circle.  Thus,  if  the  distance  be  IdyOOO 
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toises,  the  refraction  will  be  1000  toises,  equal  to  the  67th  part 
of  a degree,  or  1'  3". 

Horizon  of  a Globe,  the  broad  wooden  circular  ring  ia 
which  the  globe  ia  fixed.  On  this  are  several  concentric  cir- 
cles, which  contain  the  months  and  days  of  the  year,  the  cor- 
responding signs  and  degrees  of  the  ecliptic,  and  the  32  points 
of  Oie  compass. 

Artificial  Horizon,  is  a contrivance  intended  to  be  employed 
in  taking  altitudes  with  Hadley’s  quadrants,  of  which  there  arc 
several  constructions. 

HORIZONTAL,  something  relating  to  the  horizon;  or  that 
is  taken  in,  or  on  a level  with  the  horizon. 

Horizontal  Dial,  is  one  drawn  on  a plane  parallel  to  the 
horizon,  having  its  gnomon  or  style  elevated  according  to  the 
altitude  of  the  pole  of  the  place  it  is  designed  for. 

Horizontal  Distance,  is  that  estimated  in  the  direction  of 
the  horizon. 

Horizontal  Line,  in  Perspective,  is  a right  line  drawn 
through  the  principal  point,  parallel  to  the  horizon;  or  it  is  the 
intersection  of  the  horizontal  and  perspective  planes. 

Horizontal  Line,  or  Hate  of  a Hill,  in  Surveying,  a line  drawn 
on  the  horizontal  plane  of  the  hill,  or  that  on  which  it  stands. 

Horizontal  Plane,  in  Perspective,  a plane  parallel  to  the 
horizon,  passing  through  the  eye,  and  cutting  the  perspective 
plane  at  right  angles. 

Horizontal  Range,  of  a piece  of  ordnance,  is  the  distance 
at  which  a hall  falls  on  or  strikes  a horizontal  plane,  whatever 
be  tbo  angle  of  elevation  or  direction  of  the  piece.  When  the 
piece  is  pointed  parallel  to  the  horizon,  the  range  is  then  called 
the  point-blank,  or  point-blank  range.  The  greatest  horizontal 
range,  in  the  parabolic  theory,  or  in  a vacuum,  is  that  made 
with  the  piece  elevated  to  43  degrees,  and  is  equal  to  double 
the  height  from  which  a body  must  freely  fall,  to  acquire  the 
Telocity  with  which  the  shot  is  discharged.  Hut  in  a resisting 
medium  like  the  atmosphere,  the  elevation  of  the  piece,  to  shoot 
farthest,  is  always  below  45  degrees,  and  gradually  the  more 
below  it  as  the  velocity  is  greater;  so  that  the  greater  velo- 
cities with  which  balls  are  discharged  from  cannon  with  gun- 
powder, require  an  elevation  of  the  gun  equal  to  but  about  30 
degrees,  or  even  less.  And  the  less  the  size  of  the  balls  is,  too, 
the  less  must  this  angle  of  elevation  be,  to  shoot  the  farthest 
with  a given  velocity.  See  Gunnery. 

Horizontal  Speculum,  consists  in  n well  polished  metal 
specnlum,  about  three  or  four  inches  in  diameter,  enclosed 
within  a rim  of  brass;  so  fitted,  that  the  centre  of  gravity  of 
the  whole  shall  fall  near  the  point  on  which  it  turns. 

HORN.  The  horns  of  oxen  are  used  fur  manv  of  the  same 
purposes  as  bone.  After  having  been  softened  by  heat,  they 
are  capable  of  being  moulded  into  almost  any  shape.  They  arc 
sometimes  stained  in  such  a manner  as  to  imitate  tortoise  shell, 
and  arc  then  used  for  the  making  of  combs.  By  a peculiar 
process  they  are  rendered  semi-transparent,  and  when  formed 
into  thin  plates,  are  employed  instead  of  glass  for  lanterns. 
Horn  was  the  first  transparent  matter  that  was  ever  used  for 
lanterns  and  windows. 

Horn,  is  also  a musical  instrument  of  the  wind  kind.  The 
French  horn  is  bent  into  a circle,  and  goes  two  or  three  times 
round,  growing  gradually  bigger  and  wider  towards  the  end, 
which  in  some  horns  is  nine  or  ten  inches  over. 

Horns  of  Insects,  the  slender  oblong  bodies  projected  from 
the  heads  of  those  animals,  and  otherwise  called  antennae,  or 
feelers.  The  horns  of  iasects  are  extremely  various;  some 
being  forked,  others  plumose  or  feathered,  cylindrical,  taper- 
ing, articulated,  flee.  Some  have  imagined  they  served  to  wipe 
and  defend  the  eyes ; others,  that  they  served  as  feelers,  lest 
the  creature  should  run  against  any  thing  that  might  hurt  it; 
and  others  think  them  the  organs  of  smelling. 

Horn  Ore,  in  Mineralogy,  is  one  of  the  species  of  silver  ore ; 
its  roost  frequent  colour  is  pearl-grey.  It  is  found  massive, 
disseminated  in  thick  membranes,  in  roundish  hollow  balls; 
also  crystallized.  It  occurs  in  veins,  and  is  usually  accom- 
panied with  brown  iron  ochre,  and  with  silver  glance. 

HORNSTONE,  or  Hornsteen,  in  Mineralogy,  a species  of 
the  flint  genus,  divided  into  three  sob-species:  the  splintery, 
the  conchoidal,  and  the  woodstone.  The  most  common  colour 
of  the  splintery  horostone  is  gray ; it  is  found  in  veins,  in  the 


shape  of  balls,  in  lime-stone.  The  best  mill-stone,  called 
French  burr,  is  cellular  splinter  bornstone.  Conchoidal  horn- 
stone  occurs  in  beds  with  agate,  and  is  distinguished  from  the 
splintery  by  the  lightness  or  its  colours  and  fracture.  In  the 
woodstone  several  colours  occur  together,  and  it  commonly 
exhibits  coloured  delineations,  arranging  themselves  in  the 
direction  of  the  original  woody  texture. 

Horn  Work,  in  Fortification,  an  outwork  composed  of  two 
demi-bastions,  joined  by  a curtain. 

HORNBLENDE,  in  Mineralogy,  a species  of  the  clay  genus, 
of  which  there  are  four  sub-species ; r ix.  the  common,  the 
Labrador,  the  basaltic,  and  the  hornblende  slate.  The  com- 
mon hornblende  is  of  a greenish  black,  or  raven-black,  which 
in  some  varieties  approaches  to  a grayish  and  even  velvet 
black.  The  common  hornblende  forms  one  of  the  essential 
ingredients  of  several  mountain  rocks.  When  pure,  it  is  a 
capital  flux  for  iron  ores,  to  which  purpose  it  is  applied  in 
Sweden.  The  Labrador  hornblende,  found  in  the  island  of 
St.  Paul,  on  the  coast  of  Labrador,  is  usually  of  a brownish 
black.  The  hornblende  slate  is  of  a colour  intermediate  be- 
tween greenish  and  raven  black  : it  is  massive,  and  is  generally 
mixed  with  mica  and  felspar.  It  occurs  in  beds  of  primitive 
rocks,  particularly  in  clay  slate;  also  in  gneiss  and  mica  slate, 
and  is  found  principally  id  the  northern  parts  of  Europe.  The 
basaltic  hornblende  is  of  a velvet  black,  occurs  almost  always 
in  single  imbedded  crystals.  The  surface  is  smooth  and  shin- 
ing, except  where  it  happens  to  be  covered  by  a thin  ochery  crust. 

HOROLOGIUM,  the  Clock,  in  Astronomy,  is  a modern  con- 
stellation. bounded  on  the  N.  and  W.  by  Eridanus.  S.  by 
Hydrus,  and  E.  by  Rcticulns  Rhomboidalis,  Dorado,  and  Eqnu- 
leus  Pictorius. 

HOROLOGY,  that  branch  of  mechanical  science  which 
enables  us  to  measure  the  portions  of  time.  We  judge  of  the 
lapse  of  time  by  the  succession  of  sensible  events ; and  the 
most  convenient  and  accurate  measures  of  its  quantity  are 
derived  from  motions,  either  uniform,  or  repeated  at  equal 
intervals.  Of  the  former  kind  the  rotation  of  the  earth  on  its 
axis  is  the  most  exact,  and  the  situation  of  its  surface  with 
regard  to  the  fixed  stars,  or  less  simply  with  regard  to  the  sun, 
constitutes  the  means  for  determining  the  parts  of  time  as  they 
follow  each  other.  Of  the  latter  kind,  the  rotation  of  machi- 
nery, consisting  of  wheel-work,  moved  by  a weight  or  spring, 
and  regulated  bv  a pendulum  or  balance,  affords  instruments 
of  which  the  utility  is  well  known.  But  the  term  horology  is 
at  present  more  particularly  confined  to  the  principles  upon 
which  tho  art  of  making  clocks  and  watches  is  established.  Sea 
Clock,  Dialling,  Watch,  flee.  Under  this  article  wc  may 
describe  some  Alarums. 

Simple  Alarum. — An  alarum  being  a most  useful  piece  of 
furniture,  at  one  time  or  another,  in  every  house,  perhaps  the 
sketch  of  one,  both  cheap  and  simple,  as  well  as  original,  may 
not  be  unacceptable  to  our  readers. 

Description. — A B and 
C D are  two  uprights,  of 
wood. 

EF  and  FC  are  two 
small  pieces  of  wood,  with 
small  hinges  or  pins,  at  E 
and  C. 

G is  a vessel  made  of 
glass  or  tin,  and  suspended 
from  F,  to  contain  water, 
under  which  is  placed  the 
lamp,  H. 

By  the  heat  of  the  lamp 
the  water  gradually  eva- 
porates or  flies  off  in 
steam,  which,  lightening 
the  vessel,  G,  allows  tho 
piece  of  wood,  K F,  mov- 
ing on  the  hinge  at  E,  to 
escape  from  under  the 
point,  F,  of  the  piece  of 
wood,  F C,  which  flies  up, 
from  the  strength  of  the 
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spring  or  the  bell,  to  the  wheel  or  pulley,  I,  and  thus  sets  the 
bell  at  liberty  and  causes  it  to  ring. 

J is  a bracket  or  triangular  piece  of  wood,  to  prevent  the 
vessel.  G,  from  tailing  on  the  lamp  after  the  bar,  E F,  has 
escaped  from  under  it. 

The  quantity  of  water  for  a certain  number  of  hours,  the  size 
of  the  wick.  Sx.  cau  be  calculated,  with  ease,  from  a few  hours' 
observation.  A slit  should  be  cut  perpendicularly  in  the  piece 
F C,  so  that  the  thread  by  which  the  vessel  is  suspended  may 
be  shifted  nearer  towards  C,  as  occasion  may  require. 

Cheap  Alarum.— A is  a board  about  a foot  square,  in  the 
oentre  of  which  is  inserted  an  upright  piece  B, through  which 
a cross  piece,  C,  passes,  confined  by  a wire  pin,  but  having 
the  aperture  through  which  it  passes  in  the  upright  piece  B, 
cut  u described  by  the 
dotted  lines  at  D I). 

To  the  end  E is  at- 
tached a weight,  move* 
able  backwards  or  for- 
wards at  pleasure.  On 
the  opposite  end  of  the 
beam  C.  is  fixed  a tin 
vessel,  F,  which  re- 
ceives the  sand  as  it 
runs  out  of  the  funnel 
G,  which  is  fastened 
to  a fixed  beam,  H.  I 
is  a common  spring 
bell,  also  fixed  to  the 

top  of  the  upright  post,  B.  K is  a wire,  or  piece  of  fine  cord 
passing  from  the  spring  of  the  bell  to  the  upper  end  of  a small 
lever,  L,  which  traverses  on  an  axle,  M,  fixed  to  the  side  of  the 
upright  piece  B,  the  other  or  lower  end  of  the  leaver  L presses 
against  a peg,  N,  projecting  from  the  side  of  the  cross  beam  C, 
which  retains  the  lever  L in  the  position  represented  in  the 
figure,  and  confines  the  spring  of  the  bell,  till  the  weight  of  the 
sand  run  out  of  the  funnel  G into  the  vessel  F more  than 
counterbalances  the  weight  at  the  end,  E,  when,  of  course, 
the  end,  O,  of  the  cross  beam  will  be  depressed,  which  will 
suddenly  release  the  lower  end  of  the  lever  L from  the  peg  N, 
and  thus  the  spring  of  the  bell  will  re-act  with  sufficient  force 
to  put  the  bell  in  motion.  Any  quantity  of  sand  may  be  put 
into  the  funnel  G:  thus  if  2 ounces  should  run  one  hour,  12 
ounces  will  run  six  ; therefore  by  having  the  weight  P 12 ounces 
(after  having  balanced  the  cross  beam  C with  the  empty  vessel 
F,)  it  is  obvious  that  as  the  sand  continues  running,  in  a few 
minutes  the  vessel  containing  the  sand  must  predominate  and 
be  depressed,  which  is  all  that  is  required,  as  shewn  in  the 
figure. 

HOROSCOPE,  in  Astrology,  is  the  degree  of  the  ascendant, 
or  the  star  that  rises  above  the  horizon,  at  a certain  moment, 
which  is  observed  in  order  to  predict  some  future  event.  The 
same  name  is  also  given  to  a scheme  or  figure  containing  the 
twelve  houses,  in  which  arc  marked  the  situation  of  the  heavens 
and  stars,  in  order  to  form  predictions. 

Horoscope  Lunar,  tbe  point  from  which  the  moon  proceeds 
when  the  sun  is  in  the  ascending  point  of  the  east. 

HORS  oe  Combat,  a term  in  use  in  the  French  army,  to 
express  tbe  total  loss  to  an  army  by  a battle,  including  killed, 
wounded,  prisoners  and  deserters. 

Hors  de  Son  Fee,  an  exception  to  avoid  an  action  brought 
for  rent  issuing  out  of  certain  lands,  by  him  that  pretends  to  ] 
be  tbe  lord,  or  for  some  custom  and  services ; for  if  the  de-  1 
fendant  can  prove  the  land  to  be  without  the  compass  of  bis 
fee,  the  action  fails. 

HORSE,  a rope  reaching  from  the  middle  of  a yard  to  its 
arms  or  extremities,  and  depending  about  two  or  three  feet 
under  the  yard,  for  the  sailors  to  tread  on  while  they  are  loos- 
ing, reefing,  or  furling,  the  sail ; rigging  out  the  studding  sail 
booms,  Ac.  In  order  to  keep  the  horse  more  parallel  to  tbe 
yard,  it  is  usually  attached  thereto  at  proper  distances,  by  cer- 
tain ropes  called  stirrups,  which  bang  to  their  lower  ends, 
through  which  the  horse  passes. 

Horse,  signifies  also  a thick  rope,  fixed  perpendicularly  fore 
or  aft  a mast,  for  the  purpose  of  hoisting  some  yard. 

The  Horse  is  distinguished  from  every  other  quadruped,  by 
48. 
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having  his  hoofs  single,  and  his  tail  covered  with  long  hair. 
The  male  has  the  name  of  hone,  the  female  of  more,  nod  the 
young  one  of  foal.  Wild  horses  are  found  in  large  herds  in 
Siberia,  and  several  other  parts  of  Asia,  as  well  as  in  some 
parts  of  Africa.  Endowed  with  the  most  useful  qualifications, 
the  horse  is  ao  animal  of  the  greatest  importance  to  the  inha- 
bitants of  all  temperate  climates.  Though  naturally  spirited, 
active,  and  intrepid,  he  submits  with  patience  to  cart)  burdens, 
and  to  toil  for  days  together  along  the  roads  and  in  agricultural 
labours ; and,  if  treated  with  care  and  attention,  he  peraevrr- 
iugly  adapts  himself  to  our  wants  and  conveniences.  In  oiue 
parts  of  Tartary,  these  animals  have  even  been  made  objects 
of  divine  worship,  originating  no  doubt  in  a principle  of  grati- 
tude for  the  services  they  perform.  By  the  Arabians,  they  are 
nearly  as  much  attended  to  and  beloved  as  human  beings ; liv- 
ing in  the  same  tents  with  their  owners,  and  participating  in 
all  the  kindnesses  which  they  bestow  upon  their  own  families. 
In  Arabia,  indeed,  these  animals  may  be  deemed  the  chief  sup- 
port of  the  families  who  possess  them;  and  (surrounded  with 
iocs)  the  very  existence  of  the  owner  not  unfrequcmly  depends 
upon  the  powers  of  his  horse. 

In  no  country  of  Europe  is  so  much  attention  paid  to  the 
breeding  and  training  oi  horses  as  in  England.  The  conse- 
quence has  been,  that  the  British  horses  arc  superior  both  in 
swiftness  of  foot,  and  in  strength  and  perseverance  in  the  course, 
to  any  others  in  this  quarter  of  the  world. 

The  fleetest  of  alt  the  British  horses  is  of  coarse  the  race- 
horse;  and,  for  short  distances,  none  of  the  Arabians  which 
have  been  tried  in  England  hate  proved  in  tnv  degree  equal 
to  him.  The  celebrated  horse,  called  Childers,  in  the  year 
1721,  ran  four  mites  in  six  minutrs  and  forty-eight  second*,  car- 
rying a weight  of  nine  stone  two  pounds.  Had  the  different 
racing  meetings  at  Newmarket,  York,  and  other  places,  no 
other  view  than  to  call  together  great  concourses  of  people  for 
amusement,  their  tendency  would  be  injurious  rather  than 
beneficial  to  society  ; but  when  it  is  considered  that  such  meet- 
ing are  the  cause  of  great  emulation  in  the  breeding  of  a race 
of  animals  so  valuable  as  the  horse,  their  utility  will  be  suffi- 
ciently apparent. 

The  English  hunters  arc  allowed  to  be  among  the  noblest, 
most  elegant,  and  most  useful  animal#  that  are  known;  aud 
the  value  of  our  hackneys  or  road  horses  may  be  imagined, 
when  it  is  stated  that  many  of  them  are  able  to  trot  at  the  rate 
of  more  than  fifteen  miles  per  hour.  In  the  year  1746  the  post- 
master of  Stretton  Is  stated  to  have  ridden  on  different  horses 
along  the  road  to  and  from  London,  no  fewer  than  215  miles  in 
eleven  hours  and  a half,  which  is  at  the  rate  of  above  eighteen 
miles  an  hour. 

So  great  is  the  strength  of  these  animals,  that  instances  have 
been  mentioned  of  a single  horse  drawing,  for  a short  space, 
the  weight  of  three  tons  ; and  of  others  carrying  a load  which 
weighed  more  than  DOO  pounds.  The  immense  dray-horses 
which  arc  employed  l»y  the  brewers,  and  are  so  frequently 
seen  in  the  streets  of  London,  (hough  in  some  measure  useful 
as  being  able  belter  to  sustain  the  shock  of  loading  and  unload- 
ing than  slighter  animals,  are  chiefly  kept  from  a principle  of 
ostenlatiun.  The  British  draught-horses  arc  extremely  valuable 
animals,  but  particularly  a dies  nut- coloured  race  called  Suf- 
folk horses.— See  the  Plate. 

In  Scotland  there  is  a hrerd  of  small  horses  or  ponies,  which 
are  known  by  the  name  of  yaflmcatfs  Tire  best  of  these  seldom 
exceed  the  height  of  fourteen  bands  and  n half.*  and  are 
extremely  active,  hardy,  and  spirited  animals.  The  Shetland 
islands  produce  a race  called  shelties.  which,  though  exceedingly 
diminutive  in  size,  arc  in  other  respects  highly  excellent 

In  Ireland,  the  cart-horses,  though  of  sufficient  size,  are  ill- 
shaped  and  had.  The  saddle-horses  appear  naturally  as  good 
as  ours ; but  in  general  they  are  ill  kept,  worse  groomed,  and 
still  worse  shod. 

There  is  a prevalent  and  erroneous  notion,  that  the  flesh  of 
the  horse  is  bitter  and  unpalatable.  In  several  parts  of  A&ta 
wild  horses  are  killed  almost  exclusively  for  food ; and  the 
Calmno  Tartars,  in  particular,  are  so  partial  to  this  kind  of 

* Four  make  a bud.  Tbii  it  tbe  imial  node  of  eitimaliag  tbe 

height  of  boreee. 
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fle«b,  that  they  seldom  cat  any  other.  Horses*  flesh  is  con- 
stantly exposed  for  sale  in  the  markets  of  Tonquin.  A cele- 
brated British  writer  (Dr.  Anderson) has  strongly  recommended 
the  fattening  of  horses  as  food  in  this  country,  and  urges  his 
recommendation  by  declaring  that  horse-flesh  is  superior  in 
delicacy  of  flavour  to  beef! 

The  Tartars  drink  the  milk  of  the  mare,  and  also  convert  it 
into  hotter  and  cheese.  One  of  their  most  favourite  kinds  of 
beverage  is  called  Aotrmur,  which  is  a sort  of  wine  made  of  fer- 
mented marcs'  milk;  and  is  carried  by  them  from  place  to 
place,  in  hags  made  of  horses' hides.  When  in  perfection,  the 
taste  of  koumiss  is  said  to  be  a pleasant  mixture  of  sweet  and 
sour ; but  it  is  necessary  to  agitate  it  before  it  is  drank.  This 
preparation  is  also  considered  of  great  utility  in  a medicinal 
view. 

The  thin  of  tbc  horse,  after  it  is  tanned,  is  made  into  collars, 
braces,  and  other  parts  of  harness;  and  under  the  name  of 
cordovan  is  also  used  for  shoes.  The  hair  forms  a considerable 
branch  of  trade.  That  of  the  tail  is  employed  for  weaving  the 
covers  or  seats  of  chairs  and  sofas;  for  making  sieves,  fishing- 
lines,  and  the  bows  of  musical  instruments.  The  inferior  hair 
of  the  tail  and  mane  is  employed  for  the  stuffing  of  bolsters 
and  mattresses.  For  this  purpose  it  is  baked,  which  renders 
it  one  of  the  most  elastic  substances  for  coaches  that  are 
known.  The  short  hair  of  the  horse  is  used  for  stuffing  sad- 
dles and  borse-collars. 

If  horses  be  well  treated  and  properly  attended  to,  they  will 
sometimes  live  to  the  age  of  fifty  years ; but  during  a great 
part  of  this  time,  they  are  generally  so  decrepit  as  to  be  un- 
able to  perform  any  services  whatever  for  their  owners.  To 
ascertain  the  age  of  a horse,  reference  is  generally  had  to 
the  teeth.  Every  treatise  on  farriery  has  in- 
structed us  to  know  a horse's  age  by  the  mark  Fig.  1. 
in  his  mouth;  but  not  one  in  five  hundred  (a 
dealer  excepted)  can  retain  it  in  his  mind.  We 
jave  endeavoured,  therefore,  to  represent  it  by 
engravings. 

Every  horse  has  six  teeth  before  In  each  jaw: 
till  he  is  two  years  and  a half  old,  they  arc  all 
smooth  and  uniform  in  their 
upper  surfaces,  fig.  1.  At  two 
years  and  a half  old  he  sheds  the 
two  middle  teeth  (by  the  young 
teeth’s  rising  and  forcing  the 
old  ones  out,  as  at  fig.  2,)  which 
at  three  years  old  are  replaced 
by  two  hollow  ones,  as  at  fig.  3. 

When  he  is  about  three  years 
and  a half  old,  he  sheds  two 
others,  one  on  each  side  the  two 
middle  ones,  fig.  4,  which  at 
four  years  old  are  replaced  by 
two  others,  which  are  also  hol- 
low, as  at  fig.  6.  The  sharp 
single  teeth  in  horses,  (fig.  4,) 
begin  to  appear  in  tbc  lower  jaw 
when  the  horse  is  about  three 
years  and  a half  or  four  years 
old.  wheu  he  is  nearly  six 
years  old,  they  are  full  grown, 
pointed,  and  concave  in  the  in- 
aide,  as  at  fig.  6.  When  be  is 
four  year*  and  a half  old,  he 
sheds  the  two  corner  teeth,  fig. 

O,  which  at  five  are  replaced 
also  with  two  hollow  ones, 
grooved  on  the  inside,  as  at  fig. 

7,  which  groove  marks  the  age 
precisely.  At  six  years  of  age 
this  groove  begins  to  fill  up,  and  disappear,  as  at  fig.  8,  so  do 
the  hollo  ms  of  (be  rest  of  the  teeth,  which  continue  till  near 
seven  and  a half  or  eight  years  old,  when  all  the  teeth  become 
uniformly  full  and  smooth,  as  at  fig.  9.  Crafty  jockeys  will 
sometimes  burn  holes  in  the  teeth,  to  make  them  appear  young, 
which  Urey  call  bishopiug;  but  a discerning  eye  will  soon  dis- 
cover tbo  cheat. 
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By  inspecting  the  eyes  also,  we  may  know  the  condition  of 
a horse,  especially  as  to  sight:  thus,  if  a horse's  eyes  are  lively 
and  clear,  and  you  can  see  to  the  bottom,  and  the  image  of 
your  face  be  reflected  from  thence,  and  not  from  the  surface  of 
the  eye,  they  are  good ; but  if  muddy,  cloudy,  or  coal-black, 
they  are  bad. 

With  respect  to  his  legs,  you  onght  to  observe  whether  bis 
knees  are  broken,  or  stand  bending  and  trembling  forward  ; If 
so,  the  animal  is  unsound ; if  he  steps  short,  and  digs  his  toes 
in  tire  ground,  It  is  a sign  be  will  knuckle.  In  short,  if  the  hoof 
be  pretty  flat  and  not  curled,  you  need  not  fear  a founder. 

As  to  his  wind,  if  his  flanks  beat  even  and  slow,  his  wind 
may  be  good,  but  if  they  heave  double  and  irregular,  or  if 
(while  be  stands  in  the  stable)  he  blows  at  the  nostrils,  as  if  he 
had  just  been  galloping,  they  arc  signs  of  a broken  wind. 
Deceitful  dealers  Lave  a draught  which  they  sometimes  give, 
to  make  a horse  breathe  regularly  in  the  stable;  the  sorest  way 
therefore  to  judge  of  his  wind.  is.  to  give  him  a good  brushing 
gallop,  and  it  is  ten  to  one,  if  his  wind  be  broken,  or  oven 
touched,  that  he  will  cough  and  wherxe  very  much,  and  no 
medicine  can  prevent  his  doing  so.  In  buy  ing  a horse,  inquire 
whether  he  bites,  kicks,  stops,  and  starts ; for  a horse  may  bo 
perfectly  sound,  sod  yet  guilty  of  these  four  vices.  And  a 
good  sound  horse  has  neither  splint,  spavin,  nor  wlndgsll, 
which  are  excrescences  and  swellings  about  the  legs.  But  this 
Is  not  a treatise  on  farriery. 

Shoeing  of  Horses. — The  shoes  should  be  made  three  times 
as  thick  at  the  toe  as  at  the  heels,  so  that  by  this  means  the 
frog  may  come  down  to  the  ground.  The  nails  are  all  placed 
forward,  four  on  each  side,  hot  not  approaching  too  near  the 
heels.  They  should  be  countcr-sonk  to  conical  or  wedge- 
shaped  boles.  For  horses  which  go  in  shafts,  or  are  used  in 
hunting,  it  is  usual  to  make  shoes  with  only  one  heel,  which 
should  be  outward.  The  horse's  heel  must  be  rather  lowered 
on  that  side,  and  the  inner  heel  of  the  shoe  somewhat  thickened, 
so  as  to  balance  and  bear  equally.  The  best  breadth  for  the 
shoe  of  a medium-sized  horse  is  said  to  be  one  inch  at  the  toe, 
and  three-quarters  at  the  heel ; the  weight  about  eighteen  or 
twenty  ounces.  Jn  order  to  fit  the  shoe  without  causing  the 
horse  lo  stand  too  much  on  his  heels,  the  under  part  of  the 
crust,  or  wall  of  the  hoof,  is  pared  away  to  receive  the  excess 
of  thickness  in  front ; for  the  bottom  of  the  shoe  ought  to  be 
perfectly  flat,  without  any  stubs  or  calkings  in  front  Paring 
away  the  heels  is  a most  destructive  practise,  except  in  case 
of  absolute  excrescence  in  those  parts : nor  should  the  bars, 
(or  diagonal  ridges)  that  extend  from  the  heels  to  the  frog,  or 
central  projection,  ever  be  cut  more  than  is  absolutely  proper 
for  the  purpose  of  keeping  them  in  a clean  and  healthy  state. 
A good  open  heel  is  the  indication  of  a powerful  foot ; hence 
the  sides  of  shoes  ought  not  to  be  much  contracted.  When 
the  heels  are  tender,  what  is  called  a bar-shoe  ought  to  be 
applied.  On  the  frog  the  horse  chiefly  depends  for  a spring, 
or  resistance  at  the  bottom  of  his  foot.  If  this  part  does  not 
touch  the  ground,  the  whole  motion  will  be  derived  from  the 
upper  parts  of  the  limb,  and  a very  uneasy  gait  will  inevitably 
follow.  This  points  out  the  necessity  for  leaving  it  fully  at 
liberty  to  come  in  contact  with  the  ground. 

Horse  Dealers.  Every  person  exercising  the  trade  or  busi- 
ness of  a horse-dealer,  must  take  out  a license  from  the 
Stamp-office.  Horse-dealers  carrying  on  business  without  a 
license,  are  liable  to  be  assessed  the  duties  on  riding  horses. 

Horses.  It  is  lawful  for  any  person  to  transport,  by  way  of 
merchandise,  horses  into  any  parts  beyond  the  seas  in  amity 
with  his  majesty,  paying  for  each  5s,  No  person  convicted  of 
feloniously  stealing  a horse,  shall  have  tlio  privilege  of  clergy  ; 
accessaries  before  or  after,  arc  also  deprived  of  the  benefit  of 
their  clergy.  If  a horse  be  stolen  out  of  the  stable,  or  other 
curtilage  of  a dwelling-house,  in  the  night  time,  it  falls  under 
the  denomination  of  burglary  ; if  in  the  day-time,  it  falls  under 
the  denomination  of  larceny  from  the  bouse.  Keepers  oi 
slaughter-houses  for  horses,  are  subject  to  regulations  enacted 
by  an  act  of  26  Geo.  III.  e.  74.  If  any  person  shall  unlawfully 
and  maliciously  kill,  maim,  or  wound  any  eattJe,  every  person 
so  offending,  shall  be  adjudged  guilty  of  felony.  If  a horse,  or 
other  goods,  be  delivered  to  an  innkeeper,  or  bi«  servants,  ho 
is  hound  lo  keep  them  safely,  and  restore  them  when  Isis  guest 
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leaves  the  Uonse,  If  a bone  be  delivered  to  an  agisting  far- 
mer for  (be  purpose  of  depasturing  in  his  meadows,  he  is 
answerable  for  the  loss  of  (he  horse,  if  it  be  occasioned  by  lbe 
ordinary  neglect  r»f  himself  or  bis  servants.  If  a man  ride  to 
on  inn  where  his  horse  has  eat,  the  host  may  detain  the  horse 
till  he  lie  satisfied  for  the  eating. 

HORTUS  SICCUS,  or  Dry  Garden,  is  an  appellation 
given  to  a collection  of  specimens  of  plants,  carefully  dried 
and  preserved.  Plants  may  be  dried  by  pressing  in  a box  of 
sand,  or  with  a hot  smoothing  iron ; and  each  of  these  methods 
has  its  advantages.  If  pressure  be  employed,  a couple  of 
boards,  about  18  inches  long,  12  broad,  and  2 thick,  with 
screws  at  each  corner  and  nuts  on  them,  something  like  a 
bookbinder’s  press,  will  do  very  well;  or  the  plants  may  be 
pot  between  the  leaves  of  a blotting  paper  book  made  cn  pur- 


pose, and  weights  laid  on  the  hook  till  the  plants  are  dried. 
Next,  some  quires  of  unsized  blossom  blotting  paper  roust  be 
provided.  The  specimens,  when  taken  out  of  the  tin  box,  must 
be  carefully  spread  on  a piece  of  pasteboard,  covered  with  a 


single  sheet  of  the  blossom  paprr  quite  dry  ; then  place  three 
or  four  sheets  of  the  same  paper  above  the  plant,  to  imbibe  the 
moisture  as  it  is  pressed  out;  it  is  then  to  be  put  into  the 
press.  As  many  plants  as  the  press  will  hold  may  be  piled  up 
in  this  manner.  At  first  they  ought  to  be  pressed  gently. 
After  bring  pressed  for  twenty-four  hours  or  so,  the  plants 
ought  to  be  examined,  that  any  leaves  or  petals  which  have 
been  folded  may  be  spread  out,  and  dry  sheets  of  paper  laid 
over  them.  They  may  now  be  replaced  in  the  press,  and  a 
greater  degree  of  pressure  applied.  The  press  ought  to  stand 
near  the  fire,  or  in  the  sunshine.  After  remaining  two  days  in 
this  situation,  they  should  be  again  examined,  and  dry  sheets 
of  paper  be  laid  over  them.  The  pressure  then  ought  to  be 
considerably  increased.  After  remaining  three  days  longer  in 
the  press,  the  plants  may  be  taken  out,  and  such  as  arc  suffi- 
ciently dry  may  be  put  in  a dry  sheet  of  writing-paper.  Those 
plants  which  are  succulent  may  require  more  pressure,  and 
the  blossom  paper  again  renewed.  Plants  which  dry  very 
quick,  ought  to  be  pressed  with  considerable  force  whoa  first 
put  in  the  press ; and,  if  delicate,  the  blossom  paper  should  be 
changed  every  day.  When  the  stem  is  woody,  it  may  be 
thinned  with  a knife,  and  if  the  flower  be  thick  or  globular,  as 
the  thistle,  one  side  may  be  cut  away ; as  all  that  is  necessary 
in  a specimen,  is  to  preserve  the  character  of  the  class,  order, 
genus,  and  species.  Plants  may  be  dried  in  a box  of  rand  in 
a more  expeditious  manner;  and  this  method  preserves  the 
colour  of  some  plants  better.  The  specimens,  after  being 
pressed  for  ten  or  twelve  hours,  must  be  laid  within  a sheet  of 
blossom  paper.  The  box  must  contain  an  inch  deep  of  fine 
dry  sand,  on  which  the  sheet  is  to  be  placed,  and  then  covered 
with  sand  an  inch  thick : another  sheet  then  may  be  deposited 
in  the  same  manner,  and  so  on.  till  the  box  be  full.  Tlic  box 
must  be  placed  near  a fire  for  two  or  three  days.  Then  the 
■and  most  be  carefully  removed,  and  the  plants  examined.  If 
not  sufficiently  dried,  they  may  Brain  be  replaced  in  the  same 
manner  for  a day  or  two.  In  drying  plants  with  a hot  smooth- 
ing iron,  they  must  be  placed  within  several  sheets  of  blotting 
paper,  and  ironed  till  they  become  sufficiently  dry.  This 
method  answers  best  for  drying  succulent  and  mucilaginous 

Slants.  When  properly  dried,  the  specimens  should  be  plaoed 
i sheets  of  writing-paper,  and  may  he  slightly  fastened  by- 
making  the  top  and  bottom  of  the  stalk  pass  through  a slip  of 
paper,  cut  neatly  for  the  purpose.  Then  the  name  of  the 
genus  and  species  should  be  written  down,  the  place  where  it 
was  found,  nature  of  the  soil,  and  season  of  the  year.  These 
specimens  may  he  oollccted  into  genera,  orders,  and  classes, 
and  titled  and  preserved  in  a portfolio  or  cabinet. 

HOSPITAL,  William  Francis  Antony,  Marquis  de  l\ a 
celebrated  French  mathematician,  was  born  of  an  ancient 
family  in  1061.  He  was  a geometrician  almost  from  his  infan- 
cy ; for  one  day  being  at  the  Duke  of  Rohan's  where  some  able  I 
mathematicians  were  speaking  of  a problem  of  Pascal’s,  which  , 
appeared  to  them  extremely  difficult,  he  ventured  to  say  that 
he  believed  he  could  solve  it;  in  a few  days  he  sent  them  the 
solution.  He  entered  early  into  the  army,  and  was  a captain 
of  horse ; but  being  extremely  short-sighted,  and  exposed  on 
that  account  to  perpetual  inconveniences  and  errors,  he  at 


length  quitted  the  army,  and  applied  himself  entirely  to  his 
favourite  amusement.  He  contracted  a friendship  with  Mal- 
braoche,  and  took  bis  opinion  upon  all  occasions.  In  HJW3 
he  was  received  an  honorary  member  of  the  Academy  of  Sci- 
ences at  Paris ; and  soon  after  published  a work  upon  air  Isaac 
Newton’s  Analysis. 

Hospital,  a place  or  building,  erected,  endowed,  or  sap- 
ported,  by  charitable  contributions,  for  the  reception  and  relief 
of  the  aged,  infirm,  and  helpless.  The  institution  is  very 
ancient,  and  the  benefits  resulting  from  it  aro  incalculable.  In 
London  alone,  and  its  suburbs,  there  are  upwards  of  thirty 
hospitals ; some  bearing  a name  corresponding  with  the  dis- 
eases  for  the  core  of  which  they  were  established,  and  others 
taking  their  appellation  from  the  place  in  which  they  stand,  or 
the  means  by  which  they  are  supported.  Maay  among  them 
are  amply  endowed,  hut  the  rules  and  regulations  by  which  they 
are  governed,  are  too  voluminous  and  diversified  to  be  given 
in  detail. 

HOT-Beds,  in  Gardening,  beds  made  with  fresh  borse- 
dung,  or  tanner's  bark,  and  covered  with  glasses  to  defend 
them  from  cold  winds.  According  to  the  quantity  and  quality 
of  the  materials  put  together  for  hot-beds,  the  heat  will  be 
porportiooed  as  to  strength  and  duration.  The  place  where 
Lot- beds  are  worked  should  be  open  to  the  full  sun,  and  be 
screened  from  the  north  and  north-east  winds.  Workiag  of 
the  dung  is  necessary  previous  to  the  making  of  a hot-bed,  t.e. 
it  should  he  thrown  together  on  a heap,  in  a conical  form  ; and 
when  it  has  taken  a thorough  heat,  it  should  he  turned  over, 
moving  the  outside  in,  or  mixing  the  colder  parts  with  the  hot- 
When  it  has  taken  heat  again  for  two  or  three  days,  give  it  a 
second  turn  as  before,  and  having  lain  the  same  time,  it  will  be 
in  proper  order  for  making  a good  lasting  bed  with  a steady  beat 

Uqt-Houmc,  an  erection  warmed  by  means  of  fines,  for  the 
culture  of  tender  exotics  of  tropical  climates.  The  site  of  a 
bot-housc  is  extremely  important.  A south-west  aspect  is  to 
be  preferred. 

HOUNDS,  in  sea-faring  language,  are  those  parts  of  a mast 
head  w hich  gradually  project  on  the  right  and  left  side  bey  ond 
the  cylindrical  or  conical  surface.  These  hounds  support  the 
frame  of  the  top,  together  with  the  topmast  and  the  rigging  of 
the  lower-mast. 

HOUR,  is  the  twenty -fourth  part  of  a natural  day.  Different 
people  reckon  the  hours  in  a different  manner.  Babylonish 
Lours  are  those  which  are  counted  from  sun-rising  in  a con- 
tinued series  of  twenty-four.  European  hours  are  those  counted 
from  midnight,  twelve  from  thence  to  noon,  and  from  noon  to 
midnight  twelve  more.  Those  which  commence  their  order 
from  noon  are  called  astronomical,  because  used  by  astronomers. 
The  Jews,  Chaldeans,  Arabs,  and  oilier  eastern  people,  divide 
their  boors  into  a thousand  and  eighty  scruples,  eighteen  whereof 
are  equal  to  our  minute. 

HOUSE,  in  Astrology,  denotes  the  twelfth  part  ofthe  heavens. 

House,  the  common  dwelling  of  man  in  civilised  society. 
Wc  shall,  under  this  definition,  consider  the  several  parts  of 
which  a building  for  our  accommodation  is  composed.  The 
article  wilt  necessarily  include  all  those  particulars  deserving 
of  notice  to  the  bricklayer,  the  mason,  the  carpenter,  and  pro- 
prietor or  occupier  of  a house. 

I.  Brickmaking,  £e.— The  art  of  bricklaying  or  building  with 
bricks  is  of  great  antiquity,  and  appears  to  be  coeval  with  tho 
earliest  edifices  on  record.  The  making  of  bricks  for  building 
has  been  variously  practised  among  different  nations.  The 
Baby  Ionian*  often  impressed  or  engraved  inscriptions  on  their 
bricks  in  a character  which  has  given  rise  to  much  discus- 
sion among  the  learned.  The  ancient  Greeks  chiefly  used 
three  kinds  of  bricks;  bricks  of  two  or  three  palms  in  length, 
those  of  four  palms,  and  those  of  five  palms.  The  Romans, 
from  a comparative  deficiency  of  marLle,  built  more  with 
bricks  than  tLe  Greeks,  and  employed  Hie  arch,  and  the  vault, 
to  which  this  useful  material  so  much  contributed,  more  than 
their  predecessors.  Their  bricks,  according  to  the  authority 
of  Pliny,  were  about  seventeen  inches  long,  and  eleven  broad, 
and  scarcely  thicker  than  our  paving  bricks.  Palladio,  Sir 
Christopher  Wren,  and  other  eminent  modern  architects,  have 
constructed  beautiful  and  wclljiroportioned  odifices  in  brick. 

Bricks,  as  manufactured  in  England,  are  always  burned  or 
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baked.  Unborn t bricks,  after  the  ancient  mode,  nre  still  in 
use  in  Egypt.  and  many  parts  of  the  East.  The  inodes  of 
making  bricks  in  Great  Britain  arc  various:  those  manufac- 
tured in  the  country  differ  from  those  made  in  the  neighbour- 
good  of  the  metropolis,  and  aic  distinguished  by  their  colour; 
the  former  being  a deep  red,  and  the  latter  a yellow,  stone 
colour,  and  gray.  The  country  bricks,  which  arc  baked  in  a 
kiln,  are  made  of  a stronger  earth,  and  have  no  internal  tiring; 
but  the  London  method  is  beginning  to  he  adopted  near  all 
law  towns,  both  in  England  and  in  Ireland,  where  cinders 
and  loal  ashes  can  be  procured,  and  by  far  the  greatest  quan- 
tity ci*  bricks  are  now  made  in  that  manner. 

On  oomparing  the  strength  and  durability  of  modern  bricks 
with  those  of  ancient  times,  it  is  evident  that  the  former  are  in 
every  respect  inferior.  The  ancients  selected  the  best  sort  of 
clay,  and  combined  it  with  other  ingredients  well  adapted  to 
improve  its  properties.  In  the  southern  provinces  of  Russia, 
in  the  stupendous  Tartary  mountains,  bricks  which  scarcely 
ield  to  the  hammer,  owe  their  excellence  to  the  ancients 
nrning  them  uniformly,  after  they  had  been  thoroughly  dried. 
No  doubt  can  be  entertained,  that  if  modern  brickmakcrs  were 
to  pay  more  attention  to  their  art,  by  digging  the  clay  at  pro- 
per seasons,  exposing  it  much  longer  to  the  air  than  is  done 
at  present,  working  it  sufficiently,  bestowing  more  care  upon 
the  burning  of  the  bricks,  and  that  the  latter  operation  may  be 
done  uniformly,  making  them  much  thinner  than  is  prescribed 
by  the  standard  form,  we  should  he  provided  with  bricks  equal 
in  point  of  strength  and  durability  to  the  best  of  former  times. 
In  a variety  of  instances,  persons  may  have  it  in  their  power 
to  obviate  some  of  these  causes  of  defect,  and  it  is  therefore 
proper  to  mention  them  ; but  the  state  of  society  is  not  favour- 
able to  any  general  change  in  the  system  which  brickmakcrs 
pursue ; the  expedition  with  whioh  a given  number  of  bricks 
can  be  furnished,  and  the  cheapness  of  the  rate  at  which  they 
can  be  manufactured,  are  to  them  the  primary  objects  of  con- 
sideration ; and  the  speculative  builder  cares  little  about  the 
real  value  and  durability  of  his  edifice,  provided  the  difference 
between  the  cost  and  sale  price  is  sufficiently  ample  to  recom- 
pense him  to  his  satisfaction. 

It  is  an  erroneous  notion  that  bricks  may  be  made  of  any 
earth  that  is  not  stony,  or  even  of  sea  ooxc ; too  much  sand 
entering  into  their  composition,  renders  them  heavy  aud  brittle, 
and  too  much  fat  argillaceous  matter  causes  them  to  crack  in 
drying:  those  only  will  burn  red  which  contain  iron  particles. 
In  England  they  are  chiefly  made  of  a motley,  yellowish,  or 
somewhat  reddish  fat  clayey  earth,  commonly  called  loam. 
Those  of  Stourbridge  clay,  and  Windsor  loam,  are  esteemed 
the  most  proper  and  durable  bricks,  and  they  will  stand  very 
high  degrees  of  heat  without  melting.  The  common  potter's 
clay,  which  is  also  employed  in  the  manufacture  of  bricks,  is 
found  to  consist  of  thirty-seven  parts  of  pare  argillaceous  or 
clayey  earth,  and  sixty-three  parts  of  siliceous  or  flinty  earth. 

Of  whatever  description  the  earth  intended  for  bricks  may 
be,  it  ought  to  be  dug  between  the  beginning  of  July  and  the 
latter  end  of  October,  before  the  first  frost  appears ; it  should 
be  repeatedly  worked  with  the  spade  during  the  winter,  and 
not  formed  into  bricks  till  the  following  spring.  If  the  earth 
were  not  used  till  two  or  three  years  after  it  had  been  dug,  the 
quality  of  the  bricks  would  be  materially  improved ; and  in  all 
canes,  the  oflener  it  is  turned,  and  the  more  completely  it  is  in- 
corporated, the  better  will  be  the  bricks. 

The  clay,  before  it  is  put  into  pits  for  soaking,  must  be 
broken  as  small  as  possible,  and  allowed  to  lie  at  least  ten 
days;  every  stratum  of  twelve  inches  should  be  covered  with 
water,  in  order  that  it  may  be  uniformly  softened.  Two  pits, 
nt  least,  will  be  necessary  for  every  brick  manufactory,  so 
that  after  having  been  suffered  to  remain  for  five  days,  the 
seeond  may  be  prepared,  and  thus  the  manufacture  carried  on 
without  interruption.  The  earth  should  as  much  as  possible 
be  divested  of  stony  particles,  and  other  extraneous  matter, 
and  should  have  sufficient  time  to  mellow  and  ferment,  other- 
wise it  will  he  difficult  to  temper.  On  the  treading  and  temper- 
ing, twice  the  customary  quantity  of  labour  ought  to  be  be- 
stowed. Murh  of  the  goodness  of  bricks  depends  upon  the 
proper  management  of  its  first  preparation,  for  the  earth  itaelf, 
previous  to  its  being  wrought  possesses  very  little  tenacity  | 


hut  by  long  exposure  to  the  air  and  frost,  and  thoroughly  work- 
ing and  incorporating  it  together,  it  is  converted  into  a tough, 
gluey  substance,  in  which  stale  alone  it  Is  fit  for  moulding. 

In  the  vicinity  of  London,  coal  ashes,  and  in  other  parts  of 
the  country,  light  sandy  earth,  is  usually  mixed  with  the  day, 
which,  with  such  addition,  is  more  easily  and  expeditiously 
wrought,  aud  requiring  rather  less  fuel,  occasions  some  saving 
in  the  expense  of  burning  the  bricks ; but  here  the  advantages 
of  it  terminate ; in  other  respects  it  is  injurious  rather  than 
otherwise.  If,  in  tempering  the  caith,  too  much  water  be  used, 
the  bricks  become  dry  and  brittle;  but  if  duly  tempered,  they 
will  be  smooth,  solid,  hard,  and  durable.  A brick  properly 
made,  requires  nearly  as  much  earth  as  a brick  and  a half 
made  in  the  common  way,  when  too  great  a proportion  of 
water  has  been  added,  which  tends  to  render  the  bricks 
spongy,  light,  and  full  of  flaws.  As  bricks  made  in  the  best 
manner  are  more  solid  and  ponderous  than  the  common  ones, 
they  rcuuirc  a much  longer  time  to  dry ; they  ought  not  to  be 
burnt  till  they  will  give  a hollow  sound  on  collision.  Proper 
attention  to  the  drying  of  bricks  is  necessary  to  prevent  their 
cracking  and  crumbling  in  the  kilo. 

Of  whatever  materials  the  kiln  be  constructed,  each  burning 
of  from  six  to  ten  thousand  bricks  requires  the  fire  to  be  kept 
up  at  least  for  twenty -four  hours,  and  double  that  time  for  a 
number  of  from  twelve  to  fifty  thousand.  The  uniform 
increase  of  beat  deserves  particular  attention;  its  duration 
should  be  regulated  according  to  the  season : in  cold  weather 
fire  burns  most  fiercely.  During  the  last  twenty-four  hours 
the  fire  should  be  uninterruptedly  supported  by  means  of  flues  , 
but  afterwards  the  fire  should  not  be  suddenly  closed,  as  there 
is  always  some  danger  of  bursting  the  flues  or  melting  the 
bricks. 

The  following  experiment,  by  Gallon,  made  with  a view  to 
ascertain  the  difference  in  the  quality  of  bricks  differently 
manufactured,  deserves  to  be  generally  known.  A certain 
quantity  of  the  earth  prepared  for  moulding  into  bricks  was 
taken  for  the  experiment ; at  the  end  of  seven  hours,  it  was 
moistened  and  beaten  for  the  space  of  thirty  minutes.  The 
next  morning  the  same  operation  was  repeated  for  an  equal 
length  of  time ; in  the  afternoon  it  was  again  beaten  for  fifteen 
minutes.  Thus  this  earth  had  not  only  been  worked  for  an 
hour  and  a quarter  longer  than  usual,  but  at  three  different 
times ; the  consequence  was,  that  its  density  was  increased  ; 
for  a brick  made  of  it  weighed  five  pounds  eleven  ounces,  while 
another  brick  made  in  the  same  mould,  of  the  earth  that  had 
not  received  this  preparation,  weighed  only  five  pounds  seven 
ounces.  The  two  sorts  of  bricks  were  dried  in  the  air,  for  the 
space  of  thirteen  day  s ; they  were  then  burnt  with  others,  with- 
out any  particular  precautions,  and  when  they  were  taken  from 
the  kiln,  it  was  found  that  the  bricks  made  of  the  earth  which 
had  been  most  worked,  still  weighed  four  ounces  more  than 
the  others,  each  having  lost  five  ounces  by  the  evaporation  of 
the  moisture.  They  differed  also  very  remarkably  in  strength , 
for  on  placing  them  with  the  centre  on  a sharp  edge,  nnd  load- 
ing Ibe  two  ends,  the  bricks  formed  with  the  will- tempered 
earth  were  not  broken  with  a less  weight  titan  sixty-five  pounds, 
or  one  hundred  and  thirty  pounds  in  all ; while  the  others  were 
broken  with  thirty-five  pounds  at  each  end.  or  seventy  pounds 
in  the  whole.  That  the  quality  of  bricks  should  be  improved, 
by  bestowing  more  labour  upon  the  preparation  of  the  earth, 
will  hardly  excite  surprise,  though  the  degree  of  the  improve- 
ment, as  just  stated,  may  certainly  be  considered  remarkable ; 
but  there  is  another  mode  of  strengthening  these  artificial 
stones,  still  more  extraordinary,  and  not  so  easily  to  be 
accounted  for.  Goldham  observes,  that  bricks  which  have 
been  once  burnt,  then  steeped  in  water,  and  burnt  again, 
become  doubly  strong.  We  know  not  that  this  observation, 
which  is  repeated  without  comment,  by  nearly  all  tho  writers 
who  have  occasion  to  treat  of  this  subject,  will  always  be  veri- 
fied in  practice ; but  it  deserves  attention,  from  the  number  and 
respectability  of  the  writers  who  have  contributed  to  give  it 
currency. 

The  following  is  a description  of  the  best  method  of  mnkiug 
bricks,  with  all  the  improvements  that  have  been  introduced 
within  the  last  few  years. 

The  earth  most  proper  for  making  the  country  or  kiia-burnt 
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bricks,  which,  from  containing  ferruginous  particles,  always 
burn  red,  is  a still'  clay,  which  is  tempered  alone,  formed  in 
moulds,  dried  in  the  air  and  sun,  and  baked  in  a kiln  like  pot- 
tery. These  sort  of  bricks  are  hard  and  red,  sometimes  with 
dark  gray  or  black  ends,  which,  as  often  seen  in  onr  villages, 
the  country  bricklayers  dispose  in  various  figures  of  dates, 
cbequri  work,  and  similar  forms.  They  are  unfit  for  cutting 
and  rubbing  for  gauged  work,  which  is  always  performed  with 
a milder  sort,  called  red  rubbers. 

The  earth  selected  as  the  most  fit  for  making  common  bricks 
after  the  Lordon  mode,  is  a clayey  loam;  and  that  for  the 
superior  sort,  such  as  those  which  are  used  for  faring  build- 
ings. called  malm  stock  bricks,  is  a lighter  sort  of  loam,  in 
which  marl  is  found,  frequently  met  with  from  two  to  three 
fret  below  the  clayey  loam. 

The  earth  having  been  dug  in  autumn,  tbe  workmen  arc  to 
be  employed  during  the  winter  in  preparing  it  for  the  ensuing 
season.  This  is  done  by  removing  the  vegetable  mould  from 
the  surface,  w hich  is  called  uncallowing , and  placing  coal  ashes 
in  proportion  of  two  inches  in  thickness  to  every  foot  deep  of 
ea.th,  which  is  twelve  chaldron  of  coal  aslic,  or  berrze,  as  it  is 
called,  to  every  hundred  thousand  of  bricks,  and  mixing  them 
together  in  digging  the  earth;  because  the  composition  is 
improved  in  proportion  as  it  is  exposed  and  acted  upon  by  the 
frost,  rain,  and  wind.  The  mixture  is  then  generally  turned 
over  once  after  it  lias  been  dug,  but  is  seldom  suffered  to 
remain  in  this  state  of  preparation  longer  than  one  winter 
before  it  is  used,  as  it  would  be  iuconvcnient  to  the  manufac- 
turer from  the  space  it  thus  occupies ; and  it  is  considered  not 
to  improve  the  earth  so  much  as  it  deteriorates  the  combustible 
qualities  of  the  ashes. 

When  the  prepared  soil  has  thus  endured  a winter's  prepa- 
ration, it  is  delivered  over  about  Lady-day  to  the  charge  of 
tbe  brickmaker,  or  moulder , as  he  is  nailed  ; and  tbe  first  thing 
to  he  attended  to  in  the  formation  of  sound  bricks,  is  temper- 
ing the  earth.  This  was  formerly  done  by  a gang  of  six  per- 
sons. employed  and  paid  by  the  moulder,  who  makes  them 
from  the  heap  till  laid  on  the  back  to  dry  by  tbe  thousand ; and 
an  active,  industrious,  skilful  man  can.  with  these  assistants, 
who  arc  often  his  wife  and  children,  mould  from  six  to  seven 
thousand  in  a day,  calculating  from  five  o'clock  in  the  morning 
till  eight  at  night.  One  of  this  gang  tempered  and  prepared 
the  earth  with  a long  hoe,  by  which  he  pulled  it  from  the  heap; 
a shovel,  with  which  he  chopped  it  backwards  and  forwards, 
turning  it  as  often  as  he  found  it  necessary,  incorporating  the 
ashes,  sand,  and  earth  thoroughly  together;  and  a wooden 
scoop,  with  which  he  threw  water  over  the  mass  in  preparation, 
to  bring  it  to  a more  ductile  state.  The  great  difficulty  of 
having  this  operation,  on  which  so  much  of  the  success  of  the 
manufacture  depends,  well  performed,  has  occasioned  the 
introduction  into  extensive  works  of  machines  called  fug-mills, 
into  which  the  prepared  earth  is  wheeled  after  it  is  mixed  with 
a proper  cjuniitity  of  water.  Care  should  be  taken,  whether 
tbe  tempering  be  done  by  men  or  tbe  mill,  that  too  much  water 
be  not  used,  as  the  more  solid  the  brick  is  delivered  from  the 
mould,  the  better  it  retains  its  form  on  the  hack  where  it  is 
set  to  dry  ; the  less  it  shrinks  in  drying,  the  sooner  it  dries, 
and  the  better  and  more  shapely  it  burns. 

When  the  mass  is  sufficiently  mixed,  by  cither  of  the  above 
modes,  it  is  laid  in  small  parcels,  well  kneaded,  on  the  mould- 
ing table,  which  is  covered  with  dry  sand.  The  moulder 
throws  it  smartly  into  the  mould,  presses  it  down  to  fill  all  the 
cavity,  and  strikes  off  the  overplus  with  a stick  previously 
dipped  in  water.  He  then  turns  tho  newly  formed  brick  from 
the  mould  on  to  a thin  board,  larger  than  the  brick,  which  is 
removed  by  a boy  to  a light  latticed  wheelbarrow,  and  is  thus 
conveyed,  covered  slightly  with  fine  dry  sand,  to  the  hacks  to 
dry.  Tbe  bricks  arc  arranged  on  the  hacks  with  great  regula- 
rity one  above  the  other,  a little  diagonally,  in  order  to  give  a 
free  passage  to  the  air.  lo  showery  weather  the  piles  are 
usually  protected  from  its  injurious  effects  by  some  cheap 
covering,  such  as  straw,  or  old  light  boards.  In  grounds  not 
very  extensive,  sheds  are  sometimes  erected. 

When  the  bricks  arc  sufficiently  dried  in  tbe  hack,  which  in 
fine  weather  may  be  in  about  nine  or  ten  days,  they  are  ready 
for  the  fire,  which  comolcies  the  operation.  It  is  of  the  great- 
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est  consequence  to  the  quality  of  the  bricks,  that  they  shou.d 
be  thoroughly  dry  before  they  arc  sot  in  the  clamp  or  stack, 
which  can  onty  be  ascertained  by  breaking  a few  in  halves, 
selected  from  various  parts  of  the  buck.  If  the  operation  of 
drying  in  the  hack  be  not  thoroughly  performed,  the  bricks  will 
never  burn  sound  ; and  the  moisture  which  ascends  from  them 
in  tbe  form  of  vapour,  renders  the  upper  courses  in  the  clamp 
peculiarly  unsound. 

The  clamps  are  generally  of  an  oblong  form,  and  contain 
from  one  hundred  thousand  to  half  a million  of  bricks.  The 
thickness  of  the  walls  should  at  least  be  a brick  and  a half. 
Bricks  arc  burned  in  kilns  with  less  fuel,  and  with  greater  uni- 
formity and  expedition,  than  in  clamps.  When  they  have  been 
set  or  placed  in  the  kiln,  they  arc  covered  with  pieces  of  bricks 
or  tiles,  and  dried  by  kindling  a gentle  fire,  which  is  kept  up 
for  two  or  three  days,  or  till  the  smoke  becomes  light.  More 
fuel  is  then  added,  and  the  mouth  or  mouths  of  tiic  kiln  are 
nearly  closed  with  bricks  and  wet  clay  ; as  soon  as  the  arches 
of  the  kiln  look  white,  and  the  fire  begins  to  appear  at  the 
top,  they  slacken  the  heat  for  an  hour,  ami  let  all  cool  by 
degrees.  This  they  continue  to  do.  alternately  heating  and 
slacking,  till  the  bricks  arc  thoroughly  burut,  which  is  usually 
effected  in  forty.eighl  hours. 

The  stacks  or  clamps  arc  built  of  the  bricks  themselves. 
The  foundation  is  commonly  somewhat  raised  fruni  the  sur- 
rounding ground,  and  of  an  oblong  furm  ; the  sides  slant 
inwards  a little  towards  the  top ; hence  the  clamp,  in  its  figure, 
is  a truncated  pjraniid.  Flues,  about  the  length  of  a brick  in 
breadth,  arc  made  entirely  through  the  damp;  they  are  about 
six  feet  apart  when  the  burning  is  to  be  hastened,  otherwise 
they  are  made  about  nine  feet  from  each  other.  The  arching 
of  the  Dues  is  performed  by  laying  the  successive  layers  of 
bricks  a little  over  the  edge  of  those  below  them,  till  they 
nearly  meet,  and  then  a binding  brick  at  the  top  finishes  tho 
arch.  In  every  direction,  the  bricks  are  separated  from  each 
other  by  a stratum  of  coals  and  cinders.  To  facilitate  setting 
fire  to  the  clamp,  a quantity  of  wood  is  laid  with  the  coal  in 
the  flues.  When  the  firo  is  kindled,  if  it  burn  strongly,  or  tho 
weather  is  precarious,  they  plaster  the  outsides  of  the  clamp 
with  clay,  and  close  the  apertures  of  the  flues.  On  the  top  of 
the  damp,  a thick  layer  of  breese  (cinders)  are  uniformly  laid. 
When  tbe  whole  of  the  fuel  is  consumed,  tbe  manufacturer 
concludes  that  the  bricks  are  sufficiently  burnt.  The  opera- 
tion requires  from  twenty  to  thirty  days,  according  to  tho 
quantity  of  fuel,  the  proximity  of  the  flues,  and  the  state  of  tho 
weather.  When  the  process  has  been  properly  conducted, 
those  in  the  interior  of  the  damp  arc  hard,  square,  and  of  a 
good  bright  colour.  These  arc  the  stock  bricks  of  the  London 
market. 

The  preparation  of  the  loam,  marl,  ooze,  chalk.  See.  with 
which  the  beautiful  yrllow  malm  stock  of  London,  and  the  pale 
bricks  of  the  Ipswich  sort,  arc  made,  requires  mure  attention, 
and  a longer  and  more  careful  pieces*.  The  earth  and  other 
ingredients  with  which  the  soil  for  malm  bricks  arc  composed, 
are  whrclcd  into  a mill  with  a due  proportion  of  water.  This 
composition  is  then  ground  in  the  Kill,  which  is  supplied  with 
two  sets  of  knives  and  harrows,  and  runs  out  in  a stale  of  thick 
mod  or  sludge  through  wooden  spouts,  into  hacks  which  are 
raised  near  the  mill.  It  is  there  left,  till  l»y  the  water  soaking 
away,  and  by  absorption,  it  acquire*  a sufficient  consistency  or 
solidity  to  be  kneaded  for  the  moulder.  The  moulding,  drying 
on  the  hacks,  and  burning  in  the  clamps,  is  performed  exactly 
as  before  described  for  common  stocks,  but  with  more  care  and 
precaution. 

As  marl  is  not  always  to  be  found  where  malm  stock  bricks 
are  required,  the  method  used  by  Mr.  Lee,  of  Lewisham, 
is  so  good  a substitute,  that  it  is  worthy  the  attention  of  build- 
ers. who  may  wish  to  manufacture  these  beautiful  bricks  with- 
out marl.  After  many  experiments,  occasioned  by  the  paucity 
of  marl  in  the  London  district*.  Mr-  Lee  discovered  that  chalk, 
mixed  in  certain  proportions  with  the  loam,  and  treated  in  tho 
usual  manner,  produced  an  excellent  substitute.  For  this 
discovery  be  took  out  a patent,  which  having  now  expired,  this 
mode  of  mixing  a small  quantity  of  chalk  with  tbe  brick  earth, 
is  generally  adopted  round  London,  for  the  purpose  of  giving 
colour  and  soundness  to  tbe  brick.  At  Eraswortb,  in  Ilawp- 
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•hire,  and  at  Southampton,  once  or  sludge  from  the  sea  shore, 
which  contains  much  saline  matter,  is  used  for  a similar  pur- 
pose ; bat  however  sound  these  bricks  are,  they  have  neither 
the  rich  brimstone  colour  of  the  London  malm  stock.  nor  the 
regular  stone-coloured  creamy  hoe  of  the  Ipswich  bricks. 

llncks.  like  most  other  useful  srticles  in  this  country,  are 
subject  to  a duty,  and  form  an  important  part  of  the  annual 
revenue  of  the  government.  They  are  also  subject  to  a regu- 
lation as  to  sire.  By  the  17th  Geo.  III.  cap.  42,  all  bricks 
made  for  sale,  shall,  when  burned,  be  not  less  than  right  and 
a half  inches  long,  four  wide,  and  two  and  a half  thick ; and  by 
43  Geo.  III.  cap.  fit),  which  consolidated  the  cxciso  duties, 
every  thousand  bricks  made  in  Great  Britain,  not  exceeding 
ten  inches  lung,  three  inches  thick,  and  five  inches  wide,  are 
liable  to  a duty  of  five  shillings;  aud  exceeding  these  dimen- 
sions. to  ten  shillings. 

The  principal  bricks  used  in  the  United  Kingdom,  are  stock 
and  place  bricks,  from  the  ttock  brick  clamp:  malm  stocks,  cut- 
ters. seconds,  and  pavers,  from  the  malm  clamp.  Red  stocks, 
j*av>ng  bricks,  fire  bricks,  foot  and  ten-inch  tiles,  from  strong  clay, 
and  burned  in  a kiln.  Of  the  fire  bricks,  the  best  are  front 
Windsor,  Stourbridge,  Wales,  and  some  of  the  iron  counties. 
The  Welsh  are  excellent,  and  will  stand  extreme  heat;  they  j 
are  made  of  large  sizes  for  the  boilers  of  sugar-houses,  brewers’ 
coppers,  kc.  and  are  called  Welsh  lumps. 

lire  place  bricks  aud  stoe.ks  are  used  in  common  walling ; 
the  maria  are  made  in  the  neighbourhood  of  London  ; these  are 
very  beautiful  bricks,  of  a fine  yellow  colour,  bard,  and  well 
burnt,  and  in  every  respect  superior  to  the  stocks.  The  finest  kind 
of  marl  and  red  bricks  are  called  catting  bricks  ; they  arc  used 
in  the  arches  over  windows  and  doors,  being  rubbed  to  a cen- 
tre, and  gauged  to  a height. 

An  acre  of  land,  including  the  ashes  mixed  with  the  earth, 
is  computed  to  yield  about  one  million  of  bricks  for  every  foot 
in  depth.  The  brick  mould  is  ten  inches  in  length,  and  three 
in  breadth,  and  the  finished  bricks  are  about  nine  inches  long, 
four  and  a half  broad,  and  two  and  a half  thick.  Different 
qualities  of  earth,  however,  produce  bricks  of  different  dimen- 
sions from  the  same  mould  ; and  even  the  same  earth,  in  pro- 
portion as  it  is  more  or  less  wrought  or  burnt,  exhibits  similar 
results. 

It  is  extremely  probable  that  bricks,  properly  made,  would 

frove  superior  in  durability  to  almost  every  kind  of  stone, 
n Holland,  the  streets  are  every  where  paved  with  a hard  kind 
of  bricks,  known  by  us  under  the  name  of  clinkers,  which  arc 
often  imported  into  this  country,  and  used  for  paving  stables 
and  courtyards;  and  bouses  in  Amsterdam,  which  have  stood 
more  than  two  centuries,  so  far  from  being  decayed,  appear 
perfectly  fresh  as  if  new. 

The  numerous  patents  which  have  been  granted  for  the 
making  of  bricks,  appear  to  have  had  improvements  in  the 
formation  of  the  article  for  their  principal  object,  without  much 
regard  to  the  materials  of  which  it  is  composed.  Cartwright’s 
putent,  the  exclusive  privilege  conferred  by  which  has  now 
expired,  is  perhaps  one  of  the  most  important.  His  improve- 
ment consists  in  giving  bricks  such  a shape  or  form  that  they 
shall  mutually  lock  or  cramp  each  other.  The  principle  of  his. 
invention  may  be  understood,  by  supposing  the  two  opposite* 
sides  of  a common  brick  to  have  a groove  or  rabbet  dow  n the 
middle,  a little  more  than  half  the  width  of  the  side  of  the 
brick  in  which  it  is  made  ; there  will  then  be  left  a shoulder 
ou  each  side  of  the  groove,  each  of  which  shoulders  will  he 
nearly  equal  to  one  quarter  of  the  width  of  the  side  of  the 
brick,  or  to  one-half  of  the  groove  or  rabbet.  A coarse  of 
these  bricks  being  laid  shoulder  to  shoulder,  they  will  form  an 
indented  line  of  nearly  equal  divisions;  the  grooves  or  rabbets 
being  somewhat  wider  than  the  two  adjoining  shoulders,  to 
allow  for  mortar,  kc.  When  the  next  course  comes  on,  the 
ahouldcrs  of  the  bricks  which  compose  it,  will  fall  into  the 
grooves  of  the  first  coarse ; and  the  shoulders  of  the  first 
course  will  fit  into  the  grooves  or  rabbets  of  the  second,  and 
so  on.  This  configuration  of  the  bricks  is  to  be  preferred,  as 
it  Is  perfectly  simple ; hat  the  principle  will  be  preserved  by 
whatever  form  of  indenture  they  lock  or  cramp  each  other. 
For  the  porpose  of  turning  the  ancles,  it  may  be  expedient  to 
have  bricks  of  suoh  a site  and  shape  as  to  correspond  with 


each  wall  respectively,  though  this  is  not  absolutely  necessary, 
us  the  grooves  in  the  bricks  of  each  wall,  where  they  crosa  or 
meet  each  other,  may  be  levelled,  and  the  bricks  lap  over  as 
in  the  common  mode.  For  the  purpose  of  breaking  the  joints 
in  the  depth  of  the  wall,  bricks  will  be  reqoircd  of  different 
lengths,  though  of  the  same  width.  Buildiugs  constructed 
with  bricks  of  this  principle,  will  require  no  bond  timber,  oae 
universal  bond  running  through  and  connecting  the  whole 
building  together;  the  walls  of  which  can  neither  crack  nor 
bulge  out,  without  breaking  through  the  bricks  themselves. 

When  bricks  of  this  form  arc  used  for  the  construction  of 
arches,  the  sides  of  the  grooves  or  rabbets,  and  the  shoulders, 
should  he  the  radii  of  the  circle  of  which  the  intended  arch  is 
to  he  the  segment.  In  forming  an  arch,  the  bricks  must  be 
coursed  across  the  centre  on  which  the  arch  is  turned,  and  a 
grooved  side  of  the  bricks  must  face  the  workman.  It  may 
be  expedient,  though  not  absolutely  necessary,  in  laying  the 
first  two  or  three  courses  at  least,  to  begin  at  the  crown  and 
work  downwards.  The  bricks  may  be  either  laid  in  mortar,  or 
dry.  and  the  interstices  afterwards  filled  and  wedged  up,  by 
pouring  in  lime  putty,  plaster  of  Paris,  grouting,  or  any  other 
convenient  material,  at  the  discretion  of  the  workman  or 
builder.  Arches  on  this  principle,  it  is  stated,  having  no 
lateral  pressure,  can  neither  expand  at  the  foot,  nor  spring  at 
the  crown,  consequently  they  will  want  no  abutments,  requir- 
ing only  perpendicular  walls  to  bo  let  into,  or  to  rest  upon; 
and  they  will  want  no  incumbent  weight  upon  the  crown  to 
prevent  their  springing  up,  a circumstance  often  of  great  im- 
portance in  the  construction  of  bridges.  Another  advantage 
attending  this  mode  of  arching  is,  that  the  centres  may  be 
struck  immediately  ; so  that  the  same  centre  (which  in  no  case 
need  be  many  feet  wide,  whatever  may  he  tho  breadth  of  tbo 
arch)  may  be  regularly  shifted  aa  tho  work  proceeds.  But  the 
greatest  and  most  striking  advantage  attending  this  invention, 
is  the  absolute  security  it  affords  (and  at  a very  reasonable 
rate)  against  the  possibility  of  fire  ; for,  from  the  peculiar  pro- 
perties oi  this  arch,  requiring  no  abutments,  it  may  be  laid 
upon,  or  let  into,  common  walla,  no  stronger  than  what  are 
required  for  timbers,  of  which,  precluding  the  necessity,  it 
saves  the  expense.  A more  particular  account  of  this  inven- 
tion, illustrated  by  two  plates,  may  be  seen  in  the  third  volume 
of  Ihe  “ Repertory  of  Arts  and  Manufactures." 

In  I71W,  Francis  Farqubarson,  of  Birmingham,  obtained  a 
patent  for  making  bricks  and  tiles  by  machinery  ; and  indeed 
the  use  of  horse  power,  io  working  the  clay,  is  now  very 
common. 

Whitmore  Davis,  of  Castlo  Comber,  in  the  county  of 
Kilkenny,  Ireland,  observed  some  persons  in  the  vicinity  of  a 
colliery.’  to  employ  a mortar,  for  the  backs  of  their  grates, 
which  in  a short  time  became  very  hard.  This  substance 
he  found,  on  inquiry,  to  be  what  miners  term  seat  eoal,  or 
that  fossil  which  lira  between  coal  and  the  rock.  It  baa 
been  examined  by  Kirwan,  who  is  of  opinion  that  it  will, 
whrn  mixed  with  a due  proportion  of  clay,  produce  a kind  of 
bricks,  capable  of  resisting  the  action  of  fire,  and  conse- 
quently well  calculated  for  furnaces,  or  similar  structures. 
The  discovery  of  the  use  of  this  substance  is  considered  im- 
portant, and  it  is  further  observed,  that  seat-coal,  properly 
prepared,  will  answer  every  purpose  of  farras,  for  buildings 
beneath  water. 

In  building,  a considerable  waste  of  time  arises  from  the 
necessity  of  making  bricks  less  than  the  common  size,  to  suit 
particular  situations.  Nor  is  the  waste  of  time  the  sole  loss; 
in  attempting  to  divide  a brick,  especially  in  the  direction  of 
its  length,  one  half  of  it  is  generally  reduced  to  useless  splin- 
ters ; hut  bricks  have  lately  been  made,  which  in  their  soft 
state  were  nearly  cut  through  by  pressing  a wire  upon  them  ; 
they  can  then  lie  divided  by  a single  blow:  a proportion  of 
them,  along  with  the  common  sort,  produces  on  the  whole  a 
saving  of  some  moment. 

It  is  of  considerable  importance  to  examine  clay  before  it  is 
made  into  bricks,  in  order  to  ascertain  whether  any  addition 
can  be  made  to  it  w hich  will  improve  its  quality.  According 
to  the  observation  of  Bergman,  the  proportion  of  sand  to  be 
used  with  any  clay,  must  be  greater,  the  more  such  clay  is 
found  to  contract  in  burning,  but  the  best  clays  arc  sucb  os 
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require  no  sand.  This  illustrious  chemist  recommends  the 
following  mode  of  analysis  to  manufacturers : Nitric  acid 
poured  upon  unturned  clay,  detects  the  presence  of  lime,  by 
producing  an  effervescence.  Calcareous  clays,  or  marls,  are 
often  the  fittest  materials  for  making  bricks.  In  the  next 
place,  a lump  of  clay,  of  a given  weight,  is  to  be  diffused  in 
water  by  agitation.  The  sand  will  subside,  and  the  clay 
remain  suspended. 

Paving  tiles  are  a long  flat  kind  of  brick,  used  for  laying 
the  floors  of  kitchens,  dairies,  cellars,  &c.  Two  or  three 
sixes  of  them  are  generally  made:  the  least  of  English  manu- 
facture are  about  the  same  length  and  breadth  as  common 
bricks  ; the  largest  are  about  twelve  inches  square;  a middle 
aisc,  about  nine  inches  square,  is  also  in  common  use.  The 
thickness  of  all  the  sites  of  paring  tiles  is  only  about  an  inck 
and  a half.  They  are  made  of  the  strongest  kind  of  clay,  and 
well  burnt.  Paring  tiles  or  bricks  look  the  best  when  laid 
diagonally. 

The  most  common  tiles  for  roofs  are  those  called  pan  tiles, 
which  arc  thirteen  inches  long  and  eight  broad,  and  about 
half  an  inch  thick;  they  are  curved  in  the  direction  of  their 
length,  so  that  their  trunsverse  section  is  a figure  of  contrary 
curvature,  like  the  letter  m ; the  hollow  of  one  side  serves  as 
a channel  for  the  rain,  and  for  that  purpose  is  made  of  greater 
radius  than  the  other,  which  is  employed  to  overlap  the  edge 
of  the  adjoining  tile.  The  tile  at  the  upper  end  of  its  under 
surface  has  a knob,  by  which  it  is  hong  to  the  lath.  Tiles 
constitute  a very  heavy  covering,  and  require  the  laths  by 
which  they  arc  supported  to  be  propot tionately  strong.  The 
laths  for  pan  tiles  are  about  three-quarters  of  an  ineh  thick, 
and  an  inch  and  a quarter  broad  ; the)  are  generally  made  of 
deal.  The  other  sorts  of  tiles  are  chiefly  plain  tiles,  hip  tiles, 
end  ridge  tiles ; the  latter  resemble  half  a hollow  cylinder, 
and  arc  laid  on  the  ridges  of  houses.  Ridge  tiles  are  required 
by  statute  to  be  thirteen  inches  in  length,  and  six  inches  and 
a half  in  breadth.* 

In  Holland,  they  frequently  glaze  their  roofing  tiles,  which 
increases  their  durability,  but  considerably  enhances  the  price 
of  them.  The  early  destruction  of  unglazcd  tiles  is  occasioned 
by  the  moisture  (hey  imbibe  ; for  when  the  water  has  sunk  into 
them,  they  break  with  the  action  of  the  frost  Sonini  has, 
however,  discovered  an  excellent  preventive  of  this  effect, 
nearly  equal  to  glazing,  and  very  cheap;  he  directs  us  to 
brush  over  the  tiles  with  tar,  after  they  have  been  well  warmed 
in  (he  sun.  Tiles  which  have  been  cracked  by  the  frost,  may 
be  preserved  from  the  further  influence  of  the  same  cause,  by 
the  like  application. 

Of  the  loots  used  in  Bricklaying,—’  The  brick  travel,  which  is 
used  for  taking  up  and  spreading  the  mortar,  is  also  used  for 
cutting  the  bricks  to  any  required  size,  and  should  therefore  be 
made  of  the  best  steel,  and  wdl  tempered. 

The  hammer  used  by  the  bricklayer,  is  adapted  either  to 
Strike  a blow,  or  to  divide  the  bricks,  as  may  he  required  in 
cutting  a hole  through  a brick  wall,  or  other  operations-  One 
•od  of  the  head  of  it  has  therefore  a face  similar  to  that  of  an) 
common  hammer,  and  the  shape  of  the  other  end  resembles 
that  of  a carpenter's  axe,  though  far  narrower  in  proportion  to 
its  length.  The  handle  is  inserted  much  nearer  the  face  of 
the  hammer  than  the  other  extremity  or  edge.  Another  kind 
of  hammer,  often  employed  in  taking  down  brick-work,  differs 
from  the  above  only  in  having,  instead  of  the  axe  part,  nearly 
the  shape  of  an  adze,  bat  not  so  broad  for  its  length;  hence  it 
may  be  driven  with  facility  between  bricks  to  separate  them. 

The  plumb-rule  Is  similar  to  that  used  by  carpenters  and 
other  artisans.  It  consists  nf  a well-seasoned  board,  the  length 
of  which  should  at  least  be  four  feet;  its  thickness  and  breadth 
are  not  very  material,  provided  they  be  sufficient  to  prevent  its 
warping.  Down  the  middle  of  one  of  the  broad  surfaces  of 


• Brit k-vutler , or  water  impregnated  with  the  contents  of  bricks  or  tiles,  is 
possessed  of  properties  so  remarkable,  and  at  the  sane  lino  so  pernicious  in 
ihrir  riT«ett,  when  used  for  culinary  purposes,  that  we  cannot  refuse  a place 
to  the  folio ning  curious  experiment  made  bjr  Dr.  Perriral,  and  staled  in  the 
first  Tolame  of  bis  Emit*-  He  steeped  two  or  three  pieces  of  common  brick 
four  davs  in  a basin  fall  of  dialilled  watar,  which  he  afterwards  decanted  off, 
tad  examined  by  varions  chnoicsl  tests.  It  was  nol  miscible  with  aoep  , 


the  board  indrawn  a straight  line,  and  at  one  extremity  in  thia 
line  is  attached  a small  cord  with  a weight  at  the  lower  end. 
If  the  long  narrow  aidrs  of  the  rule  be  perfectly  straight  and 
parallel  with  each  other,  and  the  line  is  equidistant  from  the 
arris  on  each  side  of  it,  the  plummet  being  hung  in  this  line 
will  form  n correct  instrument.  Either  of  the  long  narrow 
sides  of  this  rule  is  applied  to  the  wall,  so  that  the  plummet 
and  its  cord  may  face  the  workman,  who.  by  frequently  using 
it,  is  enabled  to  carry  up  his  wall  perpendicularly.  If,  in  any 
of  these  trials,  he  observes  that  the  cord  of  the  plummet  docs 
not  coincide  with  the  line  on  the  rule,  he  sets  the  bricks  fur- 
ther in  or  out,  as  may  be  required  to  rectify  the  error,  taking 
care  to  do  it  while  the  mortar  they  arc  set  in  is  yet  wet.  As 
the  plummet  is  not  made  to  hang  below  the  rule,  a hole  is  out 
in  the  latter,  to  allow  the  cord  to  hang  straight. 

The  level  employed  by  the  bricklayer,  is  also  similar  to  that 
of  the  carpenter,  being  of  various  lengths  from  six  to  twelve 
feet.  If  one  end  of  the  plumb-rule  above-mentioned  were 
joined  at  right  angles  to  the  middle  of  the  long  narrow  edge 
of  another  board  of  the  same  thickness,  but  about  double  its 
length,  it  would  become  a level,  the  lower  edge  or  side  of  the 
piece  thus  added  to  the  rule,  becoming  the  surface  placed  on 
walls,  particularly  at  window  sills  and  wall-plates,  to  ascertain 
whether  they  arc  horizontal  or  not.  To  try  the  correctness  of 
a level,  place  it  vertically,  that  is,  in  the  position  iu  which  it 
is  used,  upon  any  flat  surface,  or  merely  place  each  end  of  the 
bottom  edge  upon  a block  of  wood,  and  raise  or  lower  the  sup- 
ports till  the  cord  of  the  plummet  exactly  coincides  with  the 
line  on  the  perpendicular  rule  or  limb  of  the  instrument 
When  this  is  observed,  reverse  the  ends,  and  if  the  same  coin- 
cidence then  takes  place,  the  level  is  true ; but  if  it  does  not, 
the  bottom  must  he  planed  till  tbe  trial  will  succeed.  The 
perpendicular  and  horizontal  parts  of  the  level  arc  not  only 
fastened  together  by  mortise  and  tenon,  but,  for  greater  firm- 
ness, and  to  prevent  warping,  two  braces  are  added,  which 
extend,  in  a slanting  direction,  from  the  horizontal  piece  nearly 
to  the  top  nf  •»*-  perpendicular  one. 

A large  square  is  employed  in  setting  out  the  sides  of  build- 
ings at  right  angles ; and  a small  square  for  trying  the  bedding 
of  bricks,  and  squaring  tbe  soffits  across  their  breadth. 

A bevel  is  required  for  drawing  tbe  soffit  line  on  the  face  of 
bricks. 

The  rod,  for  measuring,  is  either  five  or  ten  feet  long  ; tbe 
feet  are  divided  bv  notches,  and  one  of  those  next  tbo  extre- 
mity of  the  rule  is  divided  into  inches-  Dimensions  may  be 
more  expeditiously  ascertained  with  the  rod  than  with  a 
pocket  rule;  but  bricklayers  are  generally  provided  with  a 
measuring  tape,  which  is  coiled  up  by  its  winch  into  a cylin- 
drical box,  of  sneb  small  dimensions,  as  to  unite  a more  con- 
venient portability  than  the  pocket  rule,  with  greater  despatch 
in  the  general  operations  of  measurement,  than  can  be  obtained 
by  the  use  of  the  rod. 

The  jointing  rule,  employed  in  running  the  joints  of  brick- 
work, is  eight  or  ten  feci  long,  and  four  inches  broad.  When 
designed  for  tbe  use  of  two  bricklayers,  the  latter  length  is 
employed. 

The  iron  tool  used  along  with  the  jointing-role,  to  mark  the 
joints  of  brick-work,  is  called  * jointer ; its  form  is  nearly  that 
of  the  letter  8,  though  its  Aexore  is  not  in  proportion  so  con- 
siderable. 

The  raker  ha*  its  use  designated  by  its  name.  It  is  em- 
ployed to  rake  or  scrape  loose  and  decayed  mortar  out  of  tbo 
joints  of  walls,  the  appearance  of  which  is  intended  to  be  im- 
proved by  pointing  them  afresh.  The  rake  is  made  of  iron, 
pointed  with  steel,  and  at  about  one-fourth  of  it*  length  from 
each  extremity  it  is  bent  to  a right  angle,  so  that  it  would 
resemble  a Z.  if  the  stroke  connecting  the  top  and  bottom  of 
that  letter  were  perpendicular  instead  of  slanting. 


■track  a lively  green  with  syrup  of  violets,  became  slightly  lacfeseeat  by  the 
volatile  alkali,  bat  entirely  milky  by  tbe  fixed  alkali,  and  by  a eolation  of 
■agar  of  lead.  No  change  was  produced  on  it  by  an  infation  of  lurmentil 
root.  Hence  tbe  Doctor  jostle  concluded,  that  tbe  lining  of  wella  with  bricks, 
a practice  eery  common  in  varioaa  placet,  b extremely  ta  proper,  as  it  cannot 
fail  to  render  the  water  hard  and  unwholesome,  eqoally  unfit  for  tbe  ns«  of 
tbe  kitabco  and  wash -boose. 
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Thr  AtrJ  i*  an  angular  wooden  trough,  cloned  only  at  one 
end  ; no  thui  it  resembles  the  half  of  a rectangular  Inn  di  tided 
in  Mich  a manner  as  to  consist  of  two  entire  sides  and  one  end. 
armed  with  a pole  or  handle  about  four  feet  Ion?.  In  this 
utensil,  the  labourer  carries  upon  his  shoulder  the  bricks  and 
mortar  with  which  he  supplies  the  bricklayer.  Il  is  customary 
to  sprinkle  the  inside  of  the  hod  with  clean  dry  sand,  before  it 
is  filled  with  mortar,  which  is  thereby  prevented  front  adhering 
to  the  wfood. 

A cord  or  line,  to  serve  as  a guide  in  laying  the  courses  of 
bricks  exactly  straight,  is  stretched  close  to  the  wall,  and  re* 
moved  at  the  proper  intervals  as  the  work  advances.  This 
line  is  fastened  to  twro  pointed  iron  pins,  called  the  line  pint, 
one  attached  to  each  end  of  it. 

The  bricklayer’s  rammer,  resembles  the  pavier’s.  If  the 
ground  intended  for  a foundation  is  deemed  not  suHrrienfly 
solid,  it  is  compressed  as  much  as  possible  by  this  tool,  a due 
attention  to  the  use  of  which  will  prevent  fractures  that  may  ' 
endanger  the  building. 

The  inm-ci'oir  and  the  pick-axe,  are  useful  assistants  to  the 
bricklayer,  of  obtious  utility;  being  sometimes  employed  in 
conjunction,  und  sometimes  alone,  in  digging,  breaking  through 
walls,  raising  heavy  bodies  out  of  the  ground,  and  similar  ope- 
rations. 

The  compasses  for  traversing  arches,  and  the  grinding. stow, 
for  sharpening  tools,  scarcely,  perhaps,  require  to  be  men- 
tioned. 

II.  Of  Foundations.  — Foundations  are  cither  natural  01  arti- 
ficial ; natural,  where  the  giound  is  rocky  or  good  , artifi'-'ia 
when,  from  its  boggy  sandy  state,  or  from  its  having  been 
atcly  dug  up,  piling,  or  some  other  precaution,  must  he  resort- 
ed to,  for  the  support  of  the  building.  Appearances  are  so 
often  deceitful,  that  the  prudent  bnilder  will  never  depend  upon 
them,  but  will  examine  the  ground  intended  for  a foundation 
with  the  utmost  attention.  If  the  ground  shake  on  being  struck 
with  the  rnmmer,  the  nature  of  it  mus*  be  ascertained  by 
piercing  it  with  a well-digger's  borer.  Having  found  bow  far 
the  firm  ground  is  beneath  the  surface,  the  loose  or  soft  parts 
must  be  removed,  if  not  very  deep  the  excavations  made  on 
these  occasions:  should  widen  upwards,  and  their  sides  be  cut 
in  the  form  of  steps ; by  which  means  a firmer  bed  will  be 
obtained  for  the  wall  than  if  the  sides  of  the  trenches  were 
simply  inclined  planes. 

Palladio  directs  the  gronnd  for  the  foundation  to  be  pene- 
trated to  a sixth  part  of  the  whole  height  of  the  building,  un- 
less there  ho  cellars,  in  which  case  he  recommends  digging 
deeper.  It  is  a good  rule  to  make  the  foundation  double  the 
breadth  intended  for  the  superincumbent  wall,  and  the  con- 
traction of  it  should  be  made  alike  on  both  sides. 

If  the  earth  is  very  unsolid,  piles,  close  to  each  other,  and 
long  enough  to  reach  the  good  ground,  must  be  driven  in. 
The  thickness  of  these  piles  should  not  be  less  than  one-twelfth 
of  their  length ; they  should  be  made  to  present  as  even  a 
surface  as  possible,  and  should  then  be  covered  with  planks. 
It  is  a ennous  fact,  that  dry,  straight-grained  piles,  may  e 
driven  much  farther  by  the  same  force,  than  if  they  be  made 
of  wood  in  an  opposite  state. 

When  the  infirmity  of  the  ground  Is  uniform,  bat  not  very 
considerable,  it  may  be  made  good  by  laying  pieces  of  sound  oak 
about  two  feet  apart,  across  the  breadth  of  the  trench  in  which 
the  wall  is  to  stand,  and  when  these  have  been  firmly  bedded 
and  rammed  down,  planks  of  the  same  limber,  or  of  pitch  pine, 
(which  is  equally  as  durable  in  such  situations.)  must  be  laid 
down  and  spiked  upon  them.  The  planks  should  be  half  a 
foot  wider  than  the  base  of  the  foundation  wall.  Ground  of 
this  description  may  also  be  mado  good  by  ramming  large 
stones  upon  it  closely  together,  and  extending  in  breadth 
about  a fool  on  each  side  of  the  wall.  Upon  the  first  coarse  of 
stones,  another  course,  rather  narrower,  may  be  laid,  taking 
CArr,  as  in  walling  generally,  to  make  the  joints  of  one  coarse 
fall  on  the  middle  of  the  stones  in  the  other. 

If  the  ground  be  found  defective  in  one  place  and  good  in 
another,  the  oneqnal  settlement  which  would  be  the  inevitable 
consequence  of  building  upon  it  in  such  a state,  may  be  pre- 
vented by  a plan  which  is  now  becoming  daily  more  common, 
aud  which,  if  carefully  executed,  is  always  successful.  It  con- 


sists .n  the  use  of  arehes,  either  inverted  or  suspended,  accotd. 
ing  to  circumstances,  which  we  shall  now  advert  to. 

When  the  soft  parts  of  the  ground  are  under  the  aperture, 
only,  inverted  arches  ure  to  be  turned  under  such  apertuitm, 
in  the  manner  represented  by  the  annexed  figure.  Uy  this 
means  the  advantage  of  one  continued  base  is  obtained,  for 


the  piers  cannot  sink  without  carrying  the  arches,  and  conse- 
quently the  ground  upon  which  they  stand,  along  with  (hem.  Hie 
whole  building  will  therefore  sink  equally,  and  no  fracture  of 
the  walls  will  ensue.  So  much  is  the  use  of  inverted  arches 
ondci  apertures  approved,  that  they  arc  considered  indispen- 
sable in  all  buildings  of  considerable  weight  or  consequence, 
even  when  tbe  ground  is  not  found  to  be  defective.  It  is  antfi- 
cicnily  oli\  ous,  that  the  walls  of  all  buildings,  tbe  base  of  the 
Inundation  of  which  is  not  actually  laid  upon  the  bare  solid 
rock,  will  sink  a little,  and  as  the  pnssuie  of  the  piers  is  in- 
comparably greater  than  that  of  the  low  piece  of  w alling  under 
the  aperture*  the  risk  is  extreme,  that  the  resistance  of  the 
ground  againit  this  low  walling  will  not  allow  it  to  sink  with 
the  piers,  and  consequently  the  fracture  of  tbe  wall,  and  pro- 
bably tbe  breaking  of  tbe  window  sills,  will  he  the  consequence. 
The  inverted  arches  prevent  these  bad  effects ; and  as  they 
have  so  important  a service  to  perform,  they  should  be  thrown 
with  the  greatest  care,  closely  jointed,  and  their  depth  at  least 
equal  to  half  their  width. 

When  tbe  reverse  of  the  preceding  case  occurs,  that  is,  when 
the  solid  parts  of  a foundation  aro  only  to  be  found  under 
apertures,  then  piers  must  be  built  in  these  places,  and  arches 
suspended  between  them,  as  represented  in  tbo  following  figure. 


It  is  best  to  make  the  middle  of  the  pier  rest  npon  the  mid- 
dle of  tbe  summit  of  tbo  arch.  If  the  pier  does  not  cover  the 
arch,  the  narrower  it  is,  the  greater  should  be  the  curvature  of 
the  latter  at  the  apex.  When  arches  are  used  in  this  way,  tbe 
intrados  ought  to  be  dear,  that  they  may  have  their  full  effect. 
The  uniform  resistance  of  tbe  ground  upon  which  the  piers  are 
erected,  is  also  of  greater  importance  than  even  its  perfect 
hardness;  for  if  it  resists  uniformly,  the  building  will  sink  in 
every  part  alike,  and  remain  uninjured. 

When  wood  is  laid  in  the  trench  of  a foundation,  the  first 
course  of  stone  or  brick  should  be  laid  as  close  as  possible, 
w ithout  mortar,  which  injures  the  timber.  If  there  be  any  dif- 
ference in  the  quality  of  the  bricks,  tbe  strongest  and  closest, 
w hich  are  least  liable  to  imbibe  moisture,  should  be  selected 
for  foundation  work. 

III.  Of  Cements.  Lime,  Ye.— The  bricklayer  being  provided 
with  tools,  with  bricks,  and  having  prepared  the  trenches  of 
his  foundation  for  walling,  finds  himself  in  immediate  want 
of  mortar  or  cement,  a subject  which  next  claims  our  consi- 
deration. 

Tbe  nature  and  best  methods  of  preparing  calcareous 
cements  have  been  investigated  by  Dr.  Higgins  with  great 
ability  and  success.  He  has  advanced  the  most  satisfactory 
proofs,  founded  upon  analysis,  that  the  Romans,  whose  mortar 
oi  cement,  after  a lapse  of  two  thousand  y ears,  instead  of 
being  decayed,  has  become  as  hard  as  tho  stones  it  binds 
together,  possessed  no  uncommon  secret,  which  wc  arc  unable 
to  discover.  His  publication  first  appeared  in  1780,  and  is 
evidently  the  production  of  a liberal  and  intelligent  mind. 
He  struck  into  a path  with  which  wc  were  but  little  acquainted, 
though  the  knowledge  of  it  is  of  vary  considerable  impor- 
tance to  the  public  collectively,  as  well  as  to  individuals; 
for  il  is  certainly  lamentable  to  observe  pubiir  ro  private  edi- 
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fc  jes,  insecure,  or  prematurely  mutihJering  away,  from  the 
ignorance  or  disregard  of  a few  particulars,  which  might  not 
only  be  observed  with  ease,  but,  in  many  instances,  with  a 
diminution  of  the  original  expense.  The  Doctor's  conclusions, 
which  were  drawn  from  innumerable  experiments,  constitute 
a great  portiou  of  the  best  part  of  our  knowledge  on  this  sub- 
ject at  the  present  time;  but  though  so  many  years  have 
elapsed  since  they  were  communicated  to  the  public,  they  are 
far  from  being  yet  generally  known,  and  consequently  are  not 
reduced  into  general  practice. 

Such  is  the  neglect  shewn  on  this  subject,  that  the  timbers 
of  our  houses  last  longer  than  the  walls,  unless  the  mouldering 
cement  be  frequently  replaced  by  pointing.  The  following 
directions,  for  preparing  durable  mortar  or  stucco,  contain  the 
result  of  the  Doctor's  experience,  aud  bate  been  attended  to 
with  remarkable  success. 

Sharp  sand,  free  from  clay,  salts,  calcareous,  gypseous,  or 
other  grains  less  hard  and  durable  lhao  quartz,  is  better  than 
any  other.  When  a coarse  and  a Gne  sand,  corresponding  in 
the  size  of  their  grains  to  the  coarse  and  fine  sand  hereafter 
described,  cannot  be  easily  obtained  native,  the  following 
method  of  sorting  and  cleansing  it  must  be  resorted  to.  Let 
the  sand  be  sifted  in  streaming  clear  water,  through  a sieve 
which  will  allow  all  grains  not  exceeding  oiic  sixteenth  of  an 
inch  to  pass  through,  and  let  the  stream  of  water  he  regulated 
so  as  to  wash  away  the  very  fine  parts  of  the  sand,  the  clay, 
and  every  other  matter  lighter  than  sand.  The  coarse  rubbish 
left  on  the  sieve  must  be  rejected.  The  sand  which  subsides 
in  the  receptacle  roust  then  be  further  cleansed,  and  sorted 
into  two  pnrcels,  by  the  use  of  a sieve  which  allows  no  grains  to 
pass  but  wbat  are  less  than  onc-lhinieth  of  an  inch  in  dia- 
meter. That  part  which  passes  through  this  sieve,  wc  shall 
call  fine  sand  ; the  remaining  portion,  coarse  sand.  These 
separate  portions  may  then  be  dried  in  the  sun,  or  by  means 
of  a Are. 

That  sort  of  lime  must  be  chosen  which  heats  the  most  in 
slaking,  and  slakes  the  quickest  when  duly  watered  ; which  is 
the  freshest  made,  ar.d  lias  been  the  closest  kept,  which  dis- 
solves in  distilled  vinegar  with  the  least  effervescence,  and 
leaves  the  smallest  residue  insoluble,  and  in  ibis  residue  the 
smallest  quantity  of  day,  gypsum,  or  martial  matter.  Put 
fourteen  pounds  of  the*  lime  chosen  according  to  these  im- 
portant rules,  into  a brass  wire  sieve  still  finer  than  the  last 
mentioned.  Slake  the  lime  by  alternately  plunging  it  into 
and  raising  it  out  of  a butt  of  soft  water ; reject  all  the  matter 
which  does  not  easily  pass  through  the  sieve,  and  use  fresh 
portions  of  lime  in  a similar  manner,  until  as  many  ounces  of 
lime  have  passed  through  the  sieve  as  there  are  quarts  of  water 
in  the  butt.  This  is  the  lime-water,  which  contributes  mate- 
rially to  the  excellence  of  the  stucco.  As  soon  as  a sufficient 
portion  of  lime  has  been  imparled  to  it,  it  should  be  closely 
covered  until  it  becomes  clear,  and  then  be  drawn  off,  by 
wooden  cocks,  placed  at  different  heights  as  the  lime  sub- 
sides, without  breaking  the  crust  formed  on  the  surface.  The 
freer  the  water  is  from  saline  matter,  the  better  will  this  liquor 
be.  Lime-water  must  bo  kept  in  air-tight  vessels  till  the 
moment  it  is  used. 

Slake  fifty-six  pounds  of  lime  chosen  as  above  directed,  by 
gradually  sprinkling  on  it  the  lime  water.  Sift  the  slaked  part 
of  the  lime  immediately  through  the  last  mentioned  fine  brass- 
wire  sieve  ; the  lime  w’hich  passes  must  be  used  instantly,  or 
kept  in  air-tight  vessels,  and  the  rest  rejected.  This  finer, 
richer  part  of  the  limcmny  be  called  purified  lime.  It  is  always 
advisable  to  sift  the  lime  immediately  after  the  slaking,  other- 
wise much  of  the  ill-burnt  lime  and  heterogeneous  matter  which 
it  may  contain,  will  pass  through  the  sieve. 

The  materials  of  the  cement  being  thus  prepared,  take  fifty- 
six  pounds  of  the  coarse  sand,  and  forty-two  pounds  of  the  fine 
sand  ; mix  them  on  a large  plank  of  hard  wood  placed  horizon- 
tally ; then  spread  the  sand  so  that  it  may  stand  to  the  height  of 
six  inches  with  a flat  surface  on  the  plank,  and  wet  it  with  lime- 
water,  of  which  so  much  must  he  allowed  to  flow  away  off  the 
lank,  as  the  sand  in  the  condition  described  cannot  retain, 
o the  wetted  sand  add  fourteen  pounds  of  the  purified  lime  in 
several  successive  portions,  mixing  and  treating  them  up  toge- 
ther with  the  instruments  generally  used  in  making  fine  mortar. 
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Then  add  fourteen  pounds  of  bone-ashes  in  successive  pai 
tions,  mixing  and  beating  nil  together.  The  quicker  and  more 
perfectly  these  materials  are  mixed  and  beaten  together,  and 
the  sooner  the  cement  thus  formed  is  used,  the  bctti-r  it  will  be. 
As  this  cement  is  shorter  than  water  or  common  stucco,  and 
dries  sooner,  it  ought  to  be  worked  expeditiously  in  all  casts, 
and  in  stuccoing  it  ought  to  ho  laid  on  by  sliding  the  trowel 
upwards  on  it.  The  materials  nsed  along  with  it  in  building, 
or  the  ground  on  which  it  is  laid  in  stuccoing,  ought  to  be 
well  wetted  with  the  lime-water  at  the  instant  of  laying  it  on  : 
and  when  the  cement  requires  moistening,  lime-water  should 
always  be  used. 

The  proportions  above  given  are  intended  fora  ccnKnt  made 
with  sharp  sand,  for  incrustation  in  exposed  situations,  where 
it  is  necessary  to  guard  against  the  effects  of  hot  weather  and 
rain.  In  general,  half  this  quantity  of  hone-ashes  will  be  found 
sufficient ; and  although  the  incrustation  in  this  latter  case  will 
not  harden  deeply  so  soon,  it  will  be  ultimately  stronger,  pro- 
vided the  weather  be  favourable. 

When  a morlar  or  cement  of  a fine  texture  is  required,  take 
ninety-eight  pounds  of  the  fine  sand:  wet  it  with  the  lime- 
water.  and  mix  it  with  the  purified  lime  and  the  hone-ashes  in 
tho  quantities  and  in  the  manner  above  described,  with  this 
difference  only,  that  fifteen  pounds  or  thereabouts  of  lime  arc 
to  bo  used  instead  of  fourteen  pounds,  if  the  greater  part  of 
tbe  sand  be  very  fine.  This  cement  is  suitable  for  the  last 
coating  of  any  work  intended  to  imitate  the  finer  gruined 
stones ; but  it  may  be  applied  to  all  the  uses  of  the  first  men- 
tioned composition. 

When  a mortar  or  cement  is  required,  which  shall  he  still 
cheaper  and  more  coarsely  grained,  much  coarser  sand  than 
tbe  coarsest  sort  already  spoken  of  may  he  made  use  of;  for 
the  coarser  the  sand,  the  less  the  proportion  of  lime  which  will 
be  required.  For  example,  of  the  coarsest  sand  alluded  to, 
take  fifty-six  pounds;  of  the  coarse  sand  which  passes  through 
tbe  meshes  of  a sieve  one-sixteenth  of  an  inch  in  diameter, 
twenty -eight  pounds  : and  of  the  fine  sand,  fourteen  pounds  ; 
and  after  mixing  these,  and  welting  them  with  lime-water,  in 
the  manner  already  described,  odd  fourteen  pounds,  or  some, 
what  less,  of  the  purified  lime,  and  then  fourteen  pounds  or 
somewhat  less  of  the  bone-ash. 

When  these  cements  are  intended  to  be  white,  white  sand, 
white  lime,  and  the  whitest  bone-ash,  arc  to  he  chosen.  Gray 
sand,  and  gray  hone-ash,  formed  of  half-burnt  hones,  are  to 
be  chosen  to  make  the  cement  gray  ; and  any  other  colour  may 
be  obtained  cither  by  choosing  coloured  sand,  or  by  the  admix- 
ture of  the  necessary  quantity  of  coloured  talc  in  powder,  or  of 
coloured  vitreous  or  metallic  powders,  or  other  ingredients  of  a 
similar  nature. 

These  cements  are  applicable  in  forming  artificial  stone,  by 
making  alternate  layers  of  the  cement  and  of  flint,  hard  stone, 
or  brick,  in  moulds  of  the  figure  of  the  intended  stone  ; tho 
stones  thus  formed  being  exposed  to  the  open  air  to  harden, 
but  not  exposed  to  rain  till  they  are  almost  as  strong  as  fresh 
Portland  stone.  They  may  be  made  very  hard,  and  taaotiful, 
by  soaking  them,  after  they  arc  thoroughly  dry,  in  ihe  lime- 
water.  and  repeating  this  process  several  times  at  distant  inter- 
vals. Incrustations,  also,  arc  greatly  benefited  by  the  appli- 
cation of  lime-water,  Ihe  entrance  of  which  is  facilitated  by  tbo 
use  of  bone-ashes  in  the  cement. 

When  any  of  the  above  cements  arc  intended  to  to  used  for 
water-fences,  two-thirds  of  the  prescribed  quantity  of  bono- 
ashes  are  to  be  omitted,  and  an  eqnal  measure  of  powdered 
terras  used  instead  ; and  if  tho  sand  employed  be  not  of  the 
coarsest  sort,  more  terras  must  be  added,  so  that  the  terras 
shall  be  by  weizbt  one-sixth  part  of  tbe  weight  of  the  sand. 

When  a cement  is  required  of  tho  finest  grain,  or  in  a fluid 
form,  so  that  it  may  be  applied  with  a brush,  for  the  purpose 
of  smoothing  and  finishing  the  stronger  crustaceous  works,  or 
for  washing  walls  to  a lively  and  uniform  colonr,  tbe  fine  pow* 
der  of  calcined  Hints,  or  the  powder  of  any  quartzoseor  hard 
earthy  substance,  may  he  used  in  Ihe  place  of  sand;  but  in  n 
quantity  smaller  as  the  flint  or  other  powder  is  finer  : an  that 
the  powder  shall  not  be  more  than  six  times  the  weight  of  ihe 
lime,  nor  less  than  four  times  its  weight.  The  greater  the 
quantity  of  lime  within  these  limits,  the  more  the  cement  will 


470 


HOB 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


HOB 


he  apt  to  crack  by  quick  drying,  and  wren  versa.  For  washing 
walls,  the  cement  should  not  be  made  thicker  than  new  cream, 
and  should  be  laid  on  briskly  with  a brush,  in  dry  weather. 
Fine  yellow  ochre  is  the  cheapest  colouring  ingredient  for 
such  a wash,  when  it  is  required  to  imitate  Bath  stone,  or  the 
warmer  white  stones. 

Where  sand  cannot  be  procured,  any  durable  stony  body, 
or  baked  earth  grossly  powdered,  and  sorted  as  if  it  were  sand, 
may  be  used,  measure  for  measure,  but  not  weight  for  weight, 
unless  the  same  bulk  of  the  gross  powder  be  the  same  as  that 
of  sand.  But  all  substitutes  for  pure  siliceous  sand,  arc  im- 
perfect in  proportion  as  the  particles  of  which  they  arc 
composed,  are  less  hard  than  those  of  that  material.  The 
scrapings  of  roads,  w hich  consist  principally  of  powdered  cal- 
careous stone,  the  old  mortar  and  other  rubbish  from  ancient 
buildings,  have  often  been  more  strongly  recommended  than 
they  deserve.  These,  and  all  muddy,  soft,  and  minutely  divided 
matters,-  require  a large  proportion  of  lime,  and  never  possess 
the  hardness  and  durability  which  belong  to  good  mortar. 
Sea  sand,  well  washed  io  fresh  water,  is  as  good  as  any  other 
round  sand;  but  if  used  without  being  freed  from  salt,  the 
mortar  made  with  it  is  extremely  liable  to  he  damp. 

The  proportion  of  lime  may  be  increased  without  inconve- 
nience, when  the  cement  or  stucco  is  to  be  applied  where  it  is 
not  liable  to  dry  quickly ; and  in  the  contrary  circumstance, 
this  proportion  may  he  diminished.  The  defect  of  lime  in 
quantity  or  quality,  is  best  supplied  by  soaking  the  work,  at 
distant  intervals  of  time,  with  lime-water.  It  is  proper  to  mix 
hair  with  these  cements,  when  employed  for  interior  work. 

The  power  of  almost  evciy  well  dried  or  burnt  animat  sub- 
stance may  be  used  instead  of  kone-asb. 

The  bone-ashes  facilitate  the  operation  of  plastering,  by 
increasing  the  plasticity  of  the  mortar  into  which  they  enter. 
They  also  render  the  mortar  less  liable  to  crack,  and  cause  it 
to  acquire  more  quiokly  tbat  state  in  which  it  is  not  easily  in- 
jured by  unexpected  rain.  If  employed  in  a loss  proportion 
than  one-fourth  of  the  lime,  they  arc  of  little  use.  nnd  if  they 
exceed  the  lime  in  quantity  they  are  injurious  to  the  cement. 
Hence  the  use  of  them  should  be  regulated  according  to  the 
following  circumstances:  when  the  artist  is  more  solicitous  to 
secure  an  incrustation  from  the  effect  of  hut  weather,  to  finish 
it  quickly,  and  to  guard  against  rain,  than  to  make  it  durable 
in  the  highest  degree,  he  may  use  as  much  bone-ashes  as  lime; 
but  when  the  season,  exposure,  and  other  circumstances,  per- 
mit him  to  attend  solely  to  the  true  excellence  and  duration  of 
his  work,  he  must  use,  iu  his  best  calcareous  cements,  only 
one  part  of  bone-ashes  for  every  four  parts  of  lime.  By  these 
rules  he  may  choose  intermediate  quantities  adapted  to  his  pur- 
poses. The  hone-ashes  should  not  be  in  so  coarse  a powder  ns 
they  aro  when  used  for  cupels,  yet  they  should  by  no  means  be 
levigated  or  ground  to  extreme  finoncss. 

By  sharp  sand,  is  meant  such  sand  as  consists  of  grains  with 
flat  surfaces  ; these  Hat  surfaces,  when  enveloped  and  cemented 
together  by  the  lime  paste,  possess  a much  stionger  cohesion 
than  if  the  grains  were  globulnr. 

The  preceding  method  of  making  mm  tar  or  stucco  differs,  it 
will  he  perceived,  from  the  common  process  iu  several  essen- 
tial particulars;  among  which,  the  purity  nnd  sorting  of  the 
sand,  the  use  of  lime-w  ater,  (he  newness  of  the  lime,  and  the 
large  proportion  of  the  sand  to  the  lime,  ought  to  be  particu- 
larly noticed.  It  may  be  useful  to  inquire  into  some  of  the 
causes  of  differences  of  practice  so  remarkable. 

When  the  sand  contains  much  clay,  or  other  impurities,  the 
bricklayers  find  that  the  best  mortar  they  can  make,  must  con- 
tain about  one-half  lime;  and  in  consequence  pronounce,  with- 
out further  investigation,  half  sand  and  half  lime  to  be  the 
best  composition.  But  with  sand  requiring  so  much  lime,  they 
never  can  make  durable  mortar,  though  of  this  fact  it  may  be 
difficult  to  convince  thrive  who  are  little  disposed  to  investigate 
causes.  Too  many  artisans  entertain  an  opinion  that  they  have 
nothing  new  to  learn  which  is  worth  notice;  they  arc  apt  in 
effect  to  say,  that  having  served  an  apprenticeship  to  their 
business  they  ought  to  know  something;  and  thus,  because  they 
ought  to  know  something,  they  seem  to  expect  submission  to 
their  very  errors.  To  such  characters  we  speak  not;  to  con- 
vince them  is  impossible,  and  therefore  the  attempt  is  folly. 


But  those  who  consider  the  Interest  of  their  employers,  und 
that  the  warmth,  dryness,  and  salubrity  of  a house,  so  far  ns 
the  building  is  concerned,  is  completely  in  their  power,  will 
not  despise  any  bint  which  may  extend  their  resources. 

It  is  a common  fault  to  bnild  lime-kilns  so  high,  that,  at  the 
bottom  of  the  cavity,  the  lime  is  rendy  perhaps  eighteen  hours 
before  that  in  the  upper  part,  mid  is  greatly  injured  by  its  ex- 
posure to  the  draft  of  air  passing  thiough  the  fire.  Lime-kilns 
ought  to  be  made  much  broader  and  shallower  than  customary, 
with  the  cavity  tapering  upwards,  and  should  terminate  in  a 
lofty  flue,  in  order  to  accelerate  the  combustion,  when  required, 
by  a quick  current  of  air.  Calcareous  stones  acquire  in  the 
most  eminent  degree  the  properties  of  lime,  when  they  are 
slowly  heated  in  small  fragments  of  uniform  size,  until  they 
appear  to  glow  with  tt  white  heat,  and  this  is  continued  until 
they  become  nnn-rflcrvescenl  if  steeped  in  an  acid.  The  art 
of  preparing  lime  consists  chiefly  in  attending  to  these  parti- 
culars. The  whiteness  of  lime  shews  it  to  bo  free  from  metallic 
impregnation.  Merely  to  keep  lime  dry  is  not  enough  to  pre- 
serve it;  it  grows  worse  for  mortar  every  duy  it  is  kept  in 
heaps  or  untight  casks,  and  is  soon  reduced  nearly  to  the  state 
of  chalk.  It  may  be  greatly  debased,  without  slaking  sensibly, 
and  such  parts  or  fragments  as  fall  to  powder  merely  by  ex- 
posure to  the  air  are  unfit  fur  mortar.  It  has  been  found  by 
experiment,  that  lime  will  absorb  one-fourth  of  its  weight  o. 
water,  and  yet  remain  perfectly  dry.  Bishop  Watson  found, 
that,  upon  an  average,  eiery  ton  of  limestone  produced  eleven 
hundred  weight,  one  quarter,  and  four  pounds,  nf  lime,  weighed 
before  it  was  cold;  and  that,  when  exposed  to  the  air.  it  in- 
creased in  weight  daily,  at  the  rate  of  a hundred  weight  per 
ton,  for  the  first  five  or  six  day  a after  it  was  drauu  from  the 
kiln.  Ileuce  those  who  have  to  fetch  lime  from  great  dis- 
tances, may  save  even  in  point  of  cartage,  by  receiving  it  as  it 
is  taken  out  of  the  kiln. 

Mortar  which  sets  without  cracking,  whether  this  be  owing 
to  the  due  proportion  of  sand,  or  to  the  slow  exhalation  of  the 
water  from  mortar  containing  less  sand,  never  cracks  after- 
wards, whatever  its  faults,  in  other  respects,  may  he.  As  it  is 
the  lime  paste,  and  not  the  saod,  which  contracts  and  pro- 
duces fissures  in  drying,  so  the  more  sand  there  is  in  the  com- 
position, the  less  the  cracks  will  bo  seen.  Mortar  which  is 
liable  to  crack,  becomes  irreparably  injured  by  frequent  alter- 
nations of  wetting  and  freezing  ; for  the  water  imbibed  by  the 
smallest  fissures,  dilating  as  it  congeals,  loosens  its  whole  tex- 
ture. Where  it  is  composed  of  seven  parts  of  sorted  sand  to 
one  of  lime,  it  is  not  disposed  to  crack. 

That  mortar  may  become  indurated  the  soonest  nnd  in  the 
highest  degree,  nnd  operate  the  most  effectually  as  a cement . 
it  must  he  suffered  to  dry  gently  and  set;  the  exsiccation  ot 
it  must  be  effected  by  temperate  air,  and  not  accelerated  by 
the  heat  of  the  sun  or  fire,  it  must  not  he  netted  till  after  it 
sets : and  afterwards  it  ought  to  he  protected  from  wet  as 
much  as  possible,  until  it  is  completely  indurated  : the  absorp- 
tion of  carbonic  acid  must  be  prevented  as  much  as  possible 
till  the  mortar  is  finally  placed  and  quiescent,  and  then  it  must 
be  as  freely  exposed  to  the  open  air  as  the  work  will  admit,  in 
order  to  supply  carbonic  acid,  and  enable  it  sooner  to  sustain 
the  trials  to  which  mortar  is  exposed  in  cementitious  buildings 
nnd  incrustations.  To  sbew  more  clearly  how  much  our 
slight  buildings  are  weakened  by  the  agitations  nnd  percus- 
sions tO  which  they  arc  exposed,  first  in  erecting  the  walls 
and  settling  the  timbers,  and  then  in  driving  those  wedges  to 
which  the  wainscots,  mantle-pieces,  and  other  ornaments,  are 
fastened,  we  must  observe,  that  the  absorption  of  carbonic 
acid  by  mortar  contributes  nothing  to  the  strength  of  it,  if  it 
enter  before  it  is  finally  fixed  in  a quiescent  state.  A little 
experience  is  sufficient  to  teach  us,  that  the  same  matter  which 
assists  in  the  induration  of  mortar,  never  serves  to  repair  the 
fissures,  or  solution  of  continuity  between  tho  bricks  and  ce 
meat,  which  happens  after  it  is  set.  When  mortar  is  set,  nnd 
before  it  is  indurated,  it  may  be  easily  severed  from  the  bricks 
and  crumbled  ; and  for  want  of  softness,  it  cannot  bend  into 

I the  fissures,  or  resume  its  former  condition  in  any  time. 
Hence  by  heavy  blows,  and  in  wedging,  our  walls  must  l«? 
greatly  weakened  ; and  the  more  so,  as  the  houses  are  slight, 
quickly  built,  aud  hastily  finished. 
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Nothin*  is  more  common  than  for  bricklayers  to  keep  their 
n:ortar  some  time  exposed  to  the  air  in  heaps,  before  they  con- 
sider it  proper  for  use  ; a practice  which  may  perhaps  be  ac- 
counted for,  if  we  consider  that  some  portions  of  every  kind  of 
lime  used  in  Ibis  country,  do  not  slake  freely,  by  reason  of  I 
their  not  being  sufficiently  burned,  or  of  the  admixture  of  gyp- 
seous or  argillaceous  matter;  whirh  portions,  like  marl,  slake  ; 
in  time,  though  not  so  quickly  as  the  purer  lime.  The  plas- 
terers, who  use  a finer  kind  of  morinr,  made  of  sand  and  lime,  | 
observe  that  their  stucco  blisters,  if  it  contain  small  hits  of 
tmsiaked  lime,  and  as  smoothness  of  surface  is  with  them  of 
more  consequence  than  excessive  hardness,  ihcy  take  care  to 
Secure  the  perfect  slaking  of  their  lime  hy  allowing  sufficient 
time  for  the  imperfect  parts  to  be  penetrated  by  the  moisture. 
The  bricklayers,  trusting,  perhaps,  more  to  the  judgment  of  the 

filastcrcrs,  in  this  respect,  than  to  their  own,  and  considering 
t very  convenient  to  slake  a large  quantity  of  lime  at  once, 
follow  the  same  practice,  without  caring  for  or  apprehending 
the  real  fact,  that  mortar  is  worse  for  every  hour  it  is  kept, 
and  that  they  are  taking  such  measures  as  will  prevent  it  from 
ever  acquiring  that  degree  of  hardness  in  which  its  perfection 
consists. 

Among  the  circumstances  which  contribute  to  the  speedy 
ruin  of  modern  buildings,  it  may  also  he  observed,  that  mortar 
made  with  bad  lime,  nnd  □ great  excess  of  it,  is  used  with  dry 
bricks,  and  not  (infrequently  with  warm  ones.  These  imme- 
diately imbibe  or  dissipate  much  of  the  water,  and  ns  the 
cement  approaches  nearer  to  be  dry,  whilst  it  is  still  liable  to 
be  displaced  hy  the  percussions  of  the  workmen,  render  it 
little  better  than  equivalent  to  a mixture  of  sand  and  pow- 
dered chalk.  To  make  strong  wmk,  the  bricks  ought  to  be 
soaked  in  lime-water,  and  ficcd  from  the  dust  with  which 
they  are  commonly  covered.  By  this  means  the  bricks  are 
rendered  closer  and  harder,  the  e<*mei.t,  hy  setting  slowly, 
admits  the  motion  w hich  the  brick*  receive  when  the  workman 
dresses  them,  without  being  impaired,  and  it  adheres  and 
indurates  more  perfectly.  This  steeping  of  the  bricks  is  an 
Imitation  of  the  practice  of  the  plasterers,  who  always  wet  the 
w all  before  they  commence  their  work,  because  they  know  the 
ct  ruent  will  not  otherwise  adhere.  This  ought  to  be  done  as 
long  as  the  wall  is  thirsty,  and  lime-water  is  the  most  proper 
liquid  they  cau  use.  The  same  advantage  that  attends  the 
soaking  of  bricks,  would  attend  the  soaking  of  bibulous  stones 
in  lime-w  ater. 

Mortar  made  with  sand  containing  one-seventh  or  one-eighth 
of  fat  clay,  moulders  in  winter  like  marl ; a circumstance  which 
proves  the  propriety  of  freeing  from  clay  the  sand  used  in  mor- 
tar.  The  washing  performed  for  this  purpose,  will  be  found  a 
very  cheap  operation,  even  in  cities,  if  the  water  which  carries 
oil  the  day  be  directed  into  a receptacle  where  it  may  be 
depurated  by  subsidence  for  repeated  use. 

Chalk  lime  may  be  easily  prepared,  so  as  to  be  fully  equal  if 
not  superior  to  stone  lime.  The  reason  why  this  is  not  generally 
thought  to  be  thu  case,  probably  is,  that  not  being  of  so  close  a 
texture,  it  is  suoncr  spoiled  by  the  absorption  of  earbonic  acid, 
when  exposed  to  the  atmosphere  after  it  is  made.  A cask  of 
chalk  lime  should  therefore  never  be  opened  tilt  the  moment  it 
is  to  be  staked,  and  the  greatest  expedition  should  be  used  in 
the  sinking,  nnd  in  the  making  and  applying  the  mortar  to  use. 
In  the  quiescent  air  of  a room,  a pound  avoirdupois  of  chalk 
lime  becomes  two  ounces  and  a half  heavier  in  two  days;  and 
nearly  Ihe  whole  of  this  increase  of  weight  consists  of  the  car- 
bonic ncid  which  it  has  imbibed  from  the  atmosphere. 

The  fittest  water  for  making  mortar,  is  rain  water;  river 
water  holds  the  next  place  ; land  water  the  next;  spring  water 
the  last;  sea  water,  and  all  waters  noticed  medicinally  or 
otherwise,  for  their  saline  contents,  ought  never  to  be  used  fur 
tli's  purpose. 

The  compositions  mostly  used  for  stuccoing  within  doors, 
ure  incapable  of  hardening  considerably,  and  when  they  are 
laid  on  the  naked  walls,  soon  become  tarnished,  unsightly,  nnd 
inconvenient,  by  the  damps  which  workmen  call  sweating. 
Sometimes  these  damps  are  occasioned  by  the  bad  construc- 
tion of  the  walls,  the  joints  of  the  facing  bricks  having  become 
hollow  hy  the  decay  of  the  mortar,  or  when  the  copings  or  gut- 
ters aie  defective:  q damp  by  transpiration  also  occurs  when 


tbe  principal  walls  are  stuccoed  before  they  are  dried,  or  when 
the  materials  of  them  are  so  spongy  as  to  imbibe  the  rain,  and 
the  circulation  of  air  is  not  sufficient  to  waft  away  the  transud- 
ing moisture.  The  damp  by  condensation  is  also  very  com- 
mon, and  appears  most  on  tbe  closest  incrustations,  bow  ever 
perfect  and  old  the  walls  may  be.  In  snch  instances,  tbe 
damp  is  owing  to  the  closeness  of  the  body,  and  a stucco  per- 
vious in  a certain  degree  to  air  and  moisture,  will  be  free  from 
it,  as  well  as  from  the  damp  before  mentioned.  The  customary 
mode  of  avoiding  these  damps,  is  to  case  the  principal  walls  of 
houses  with  lathwork,  on  which  tbe  incrustation  or  plaster  is 
laid  at  some  distance  from  the  wall.  The  narrowing  of  rooms 
and  passages  very  perceptibly  is  the  consequence  of  this 
method,  besides  its  expense.  Bone-ashes,  each  grain  of  which 
is  tubulated  is  every  direction,  added  to  tho  stucco  in  half  tbe 
quantity  of  the  time,  arc  a preventive  of  these  damps  without 
lathwork. 

The  drying,  induration,  nnd  texture  of  incrustations  made 
on  brick  walls  and  other  irregular  surfaces,  are  always  so  far 
unequal  as  to  exhibit  visible  traces  which  deform  the  work, 
and  cannot  be  effectually  obliterated  by  any  known  method  so 
convenient  as  that  of  covering  the  fiist  coarse  incrustution, 
after  it  has  dried,  with  another  coat  which  may  be  made  finer 
and  smoother.  Thus  the  expense  of  fine-graioed,  smooth,  or 
coloured  stucco,  is  rendered  moderate;  because  the  finer,  or 
Ihe  colouring  ingredients,  may  be  reserved  for  the  exterior 
coat,  which  will  last  for  ages,  if  the  cement  be  good. 

To  tinge  a cement  sufficiently,  of  any  colour  which  is  not 
found  in  sand,  so  that  the  incrustation  shall  not  be  impaired, 
and  that  tbe  colour  shall  be  as  dtirublc  as  the  cement,  the  most 
proper  ingredients  which  ran  he  used  in  lieu  of  sand,  or  of 
part  of  it,  are  coloured  glasses  or  coloured  stones  of  tbe  hard- 
est kind,  beaten  to  coarse  powder;  the  finer  parts  of  which 
are  to  be  washed  away,  not  merely  because  they  arc  injurious 
to  the  cement,  but  because  they  contribute  very  little  to  tbe 
intended  colour. 

Stucco  made  with  the  best  proportions  of  lime,  sand,  nnd 
lime-water,  is  not  bettered  by  painting  ns  soon  as  it  dries;  as 
this  covering  retards  the  induration  of  it,  by  cutting  off  its 
communication  with  the  air.  It  therefore  renders  it  liable  to 
be  irreparably  injured  in  wet  weather,  wherever  the  water  can 
get  behind  the  paint.  If  paint  or  oil  ought  ever  to  be  applied 
on  such  stucco,  it  ought  not  to  he  laid  on  in  less  than  a year 
after  the  incrustation  is  made.  The  painting  nnd  sanding  of 
the  common  defective  incrustations,  contribute  very  little  to 
their  duration,  although  it  hardens  them  at  the  surface  • for  it 
does  not  effectually  prevent  them  from  cracking,  and  it  avails 
very  little  to  paint  the  crarkcd  stucco  again,  because  cracked 
stucco  is  always  hollow,  as  the  workmen  term  it;  lhatis.it 
pans  from  the  wall  in  the  parts  contiguous  to  tho  cracks, 
sounds  hollow  on  heing  struck  with  the  knuckle,  and  falls  off  in 
a few  years,  if  it  lie  so  thick  and  large  in  extent  as  to  break 
the  adhering  portions  by  its  weight. 

Mortar  made  of  sand,  water,  nnd  lime,  whatever  may  be  the 
proportions  of  the  mixture,  cannot  be  employed  in  aqueduct?, 
reservoirs,  and  other  aquatic  buildings,  unless  sufficient  time 
be  allowed  for  its  perfect  indnrntion  before  the  admission  of 
the  water;  bat  when  mixed  up  with  a quantity  of  terras,  as 
already  stated,  it  acquires  the  desirable  property  of  hardening 
under  water.  A few  additional  remarks  on  this  subject  will 
perhaps  be  acceptable.  A mortar  made  of  terras  powder  nnd 
lime  was  used  in  water-fences  by  the  Romans,  and  has  been 
generally  employed  in  such  structures  ever  sineo  their  time. 
As  it  seta  quickly,  and  when  set  is  impenetrable  to  water, 
some  people  have  hastily  concluded  that  it  is  the  hest  kind  of 
mortar  for  any  purpose.  But  it  is  found  by  experience,  that 
mortar  made  of  terras  powder,  whether  coarse  or  line,  will 
not  grow  so  hard  as  mortar  made  with  lime  and  sand,  nor 
endure  the  weather  so  well ; on  the  contrary,  it  is  apt  to  crack 
nnd  perish  in  the  open  air.  Its  efficacy  in  watcr-fcnccs  is  ex- 
perienced only  where  it  is  always  kept  wet,  and  seems  to  de- 
pend principally  upon  the  property  which  the  powder  of  terras 
has,  in  common  with  otlirr  argillaceous  bodies,  but  in  a higher 
degree,  of  expediting  tbe  crystallization  of  the  calcareous 
matter,  by  imbibing  the  water  in  which  it  is  diffused  in  the 
mortar,  and  of  swelling  during  this  absorption,  so  much  as 
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to  render  the  mortar  impenetrable  to  any  more  water.  It 
seems,  also,  tbatan  acid  of  the  vitriolic  kind,  which  is  contain* 
cd  in  terras,  contributes  to  the  speedy  setting  of  the  ccuieut, 
by  reducing  a part  of  the  lime  to  the  condition  of  gypsum. 
Terras  is  a volcanic  production,  consisting  chiefly  of  clay 
nud  oxide  of  Iron  indurated  together  ; and  baked  clay,  reduced 
to  powder,  communicates  to  mortar  properties  of  a similar 
kind. 

Pozzolana  is  another  volcanic  production  differing  little 
from  terras,  ns  to  the  effect  it  produces  in  mortar.  It  is 
thrown  out  of  volcanoes  in  the  form  of  ashes,  and  is  found  in 
tunny  countries,  but  roost  abundantly  in  the  kingdom  of 
Naples.  The  cement  used  by  Smcaton,  in  the  construction  of 
the  Eddystonc  light-house,  was  composed  of  equal  parts  by 
measure  of  linte  and  pozzolana;  a mixture  which  was  deemed 
the  most  suitable,  as  the  building  was  exposed  to  the  utmost 
violence  of  the  sea;  but  a composition  exceedingly  proper  for 
aquatic  works  in  general,  may  be  composed  of  two  parts  of 
lime,  one  of  pozzolana,  and  three  of  clean  sand. 

It  has  lately  been  discovered,  that  manganese  is  a valuable 
ingredient  in  water-ccments,  if  used  in  tbe  following  manner; 
mix  together  four  parts  of  gray  clay,  six  of  the  black  oxide  of 
manganese,  and  ninety  of  gooa  limestone  reduced  to  fine  pow- 
der; then  calcine  the  whole  to  expel  tbe  carbonic  acid.  When 
this  mixture  has  been  well  calcined  and  cooled,  it  is  to  be 
worked  into  the  consistence  of  a soft  paste  with  sixty  parts  of 
w ashed  sand.  If  a lump  of  this  cement  be  thrown  into  water, 
it  will  harden  immediately. 

IV.  Of  Brick  Band  and  Walling. — When  a brick  is  laid  so 
tbat  its  length  is  in  tbe  direction  of  the  length  of  the  wall,  it  is 
railed  a itnuhcr ; and  when  its  leoglb  crosses  that  of  the  wall, 
it  is  called  a header. 

The  term  bond  is  applied  to  any  disposition  of  the  bricks,  by 
which  tbe  continuity,  in  a straight  Hue,  of  the  joinls  of  a wail 
is  interrupted.  It  is  obvious  tbat  a bond  may  be  adopted, 
which  will  interropt  the  rectilinear  direction  of  both  the  hori- 
zontal and  vertical  joints  of  a wall  ; but  in  the  two  kinds  of 
bond  which  have  hitherto  prevailed,  tbe  horizontal  joints  are 
continued  io  the  same  line  round  the  whole  building,  and  the 
vertical  ones  only  interrupted.  When  the  wall  is  only  intended 
to  be  half  a brick,  or  four  inches  and  a half  in  thickness,  the 
whole  of  the  bricks  are  laid  so  as  to  form  stretchers,  tbat  is, 
their  length  is  laid  in  the  direction  of  the  length  of  the  wall, 
and  the  bond  is  obtained  simply  by  making  the  vertical  joints 
In  every  coarse  exactly  opposite  the  middle  of  the  bricks  above 
and  below.  But  when  tbe  wall  is  intended  to  be  the  length  of 
a brick  or  more  in  thickness,  it  would  be  apt  to  split  into  parts 
if  it  consisted  only  of  two  or  more  walls  separately  bonded,  as 
in  the  instance  just  mentioned  of  tbe  half  brick  wall.  The 
bricks,  therefore,  in  thick  walls,  must  be  connected  in  their 
breadth  as  well  as  their  length,  and  this  is  done  according  to 
tuo  principal  modes,  one  of  which  is  called  English,  the  other 
Flemish  bond. 

English  bond  consists  of  headers  and  stretchers  crossing 
each  other  in  separate  horizontal  courses.  In  Flemish  bond, 
the  headers  and  stretchers  arc  placed  alternately  in  the  same 
horizontal  course.  Flemish  bond  is  now  so  common,  that 
hardly  any  other  kind  is  to  be  seen ; it  is  preferred,  for  its  ap- 
pearance, to  the  English,  which  is  much  superior  in  point  of 
strength,  and  in  facility  of  execution.  Many  attempts  have 
been  made  to  unite  Flemish  facings  with  complete  bond,  blit 
without  success.  Some  have  laid  thin  slips  of  iron  occasion- 
ally in  the  horizontal  joints  between  the  two  courses ; end  others 
have  laid  diagonal  courses  of  bricks  in  the  core  of  thick  walls, 
so  as  to  cross  each  other  at  right  angles  in  successive  courses. 
By  the  latter  means,  though  the  bricks  in  the  middle  of 
the  core  have  a strong  bond,  yet  as  they  form  triangular 
interstices  with  the  bricks  on  each  side,  the  bond  of  the  whole 
wall  is  very  incomplete.  As  the  adjustment  of  the  bricks  in 
one  course  must  depend  on  the  course  beneath,  tbe  latter,  in 
making  the  Flemish  bond,  must  be  seen  or  recollected  by  the 
workman.  Tbe  view  of  tbe  joints  of  the  under  course  is  hin- 
dered by  the  mortar  with  which  they  arc  covered,  to  bed  the 
bricks  of  the  succeeding  course  upon,  and  it  is  perplexing  for 
tbe  workman  to  recollect  the  arrangement  of  them,  so  that  he 
in  in  danger  of  making  tbe  joints  frequently  to  correspond, 


and  thus  rendering  the  bond  imperfect.  In  the  old  English 
bond,  the  outside  of  each  course  points  out  the  proper  dis* 
position  of  the  next,  so  that  it  is  an  easy  matter  for  the  work- 
man to  avoid  error. 

The  following  plans  of  walls  in  English  bond,  which  well 
deserve  to  be  revived  in  this  country,  will  rcuder  this  subject 
more  intelligible : 


The  annexed  fignre  represents  the  bond  of  a nine-inch  wall. 
In  order  tbat  two  vertioal  joints  may  not  run  over  each  other, 
at  the  end  of  the  first  stretcher  from 
the  corner,  after  placing  the  return 
corner  stretcher,  which  becomes  a 
header  in  the  face  that  the  stretcher 
is  in  below,  half  the  length  of  which 
it  covers,  a half  brick  is  placed  on  its 
side,  so  that  with  the  return  coroer 
stretcher,  it  extends  six  inches  ami  three-quarters,  and  thns  a 
lap  of  two  inches  and  a quarter  is  obtained  for  the  next  header  ; 
and  the  bond  is  continued  by  working  up  the  wall  with  alter- 
nate rows  of  headers  and  stretchers  mutually  crossing  each 
other.  The  half  brick,  or  brickbat,  thus  introduced,  is  called 
a closer,  and  must  he  divided,  it  will  he  understood,  through 
its  two  broadest  surfaces,  in  the  direction  of  their  length.  The 
same  effect  might  be  obtained  by  the  introduction  of  a three- 
quarter  brick  at  the  corner  of  the  stretching  course,  for  then 
when  the  corner  header  is  laid  over  it,  a lap  of  two  inches  and 
a quarter  will  be  left  at  the  end  of  the  stretchers  below  for  tho 
next  header,  the  middle  of  which,  w hen  laid,  will  be  over  the 
joint  below  tho  stretcher,  and  thus  constitute  a bond  as  before. 
The  brick  for  the  three-quarter  bat,  or  closer,  must  he  divided 
through  its  two  broadest  surfaces,  in  tho  direction  of  their 
breadth. 
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The  English  bond  of  a brick  and 
a half,  or  fourteen-inch  wall,  ap- 
pears in  ibis  figure.  Here  the 
stretching  course  is  so  disposed, 
that  the  middle  of  the  breadth  of 
the  bricks  in  the  same  layer  or  level, 
falls  alternately  upon  tho  middle  of 
the  stretchers,  and  upon  tbe  joints 
between  tbe  stretchers. 


The  English  bond  of  a two-brick  wall,  fig.  1.  To  break  the 
joints  in  the  core  of  the  wall,  every  alternate  header,  in  tbe 
heading  course,  is  only  half  a brick  thick.  The  English  bond 


Fig.  1. 
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of  a wall  two  bricks  and  a half  in  thickness,  fig.  2.  The  dispo- 
sition of  tbo  bricks  is  similar  to  that  of  those  in  fig.  1. 

Part  of  the  front  of  a wall  in  English  bond.  fig.  3,  tbe  un- 
broken side  being  the  corner.  The  Flemish  bond  of  a nine- 
inch  wall,  fig.  4.  Two  stretchers  lie  between  two  headers; 
and  bricks  being  twice  as  long  as  they  are  broad,  the  breadth 


Fig.  3.  Fig.  4. 


of  the  two  stretchers  is  equal  to  the  length  of  tbe  header,  which 
is  the  whole  thickness  of  the  wall.  The  dotted  lines  shew  the 
disposition  of  the  bricks  in  the  second  course. 
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Tho  Finnish  bond  of  a brick  and  a half  or  fourteen-inch 
wall,  fig.  5.  On  one  side  the  bricks  aro  laid  as  in  fig.  4.  and 
on  the  other  side,  half  headers  aro  placed  opposite  the  middle 
of  the  stretchers,  and  the  middle  of  the  stretcher*  opposite  the 
middle  of  the  end  of  the  headers.  Fig.  0,  another  example  of 

Fig.  5.  Fig-  0. 


Flemish  bond,  for  a wall  of  the  same  thickness  as  the  last. 
Hrra  the  disposition  of  the  bricks  is  alike  on  both  sides  of  the 
wall,  tho  tail  of  the  headers  being  pUj  ~t 

placed  contiguous  to  each  other,  an  — rj- — —— 

arrangement  that  produces,  in  the  -,X‘— "j 

core  of  the  wall,  square  spaces,  — ■ '~*p  | 

which  must  be  tilled  with  half  bricks,  jp  ..Jrii  J "l;rj 

Fig.  7.  part  of  the  front  of  a wall  in  -r-  ' -- — 

Flemish  bond,  reaching  on  one  side  "" ; i t.  iS-sWA 

to  the  corner. 

Fi$.  1,  2,  3,  and  4,  in  the  following  engraving,  exhibit  plans 
of  brick  piers  iu  Flemish  bond.  No.  1,  in  each  figure,  shews 
the  bottom  course,  and  No.  2 the  upper  course;  or,  which 
amounts  to  the  same  thing.  No.  2 may  be  considered  the  lower 
course,  and  No.  1 will  then  be  tho  upper  one. 


Fig.  1,  is  a pier,  two  bricks,  that  is,  eighteen  inches,  square  ; 
for  in  speaking  of  the  thickness  of  a wall  or  pier  as  consisting 
of  so  many  bricks,  tho  length  of  a brick  is  always  to  be  under- 
stood. Fig.  2,  a two  nnd  n half  brick  pier.  Fig.  3,  a pier  three 
bricks  square.  Fig.  4,  a pier  three  bricks  and  a half  square. 

Before  we  take  leave  of  the  subject  of  bond,  wc  mast  remark, 
that  a patent  has  within  a few  years  been  taken  out,  by  Moore 


the  equal  settlement  of  the  wall.  In  case  of  fire,  when  the 
bond  timbers  of  a house  are  consumed,  the  falling  of  tho  wall 
almost  necessarily  follows.  The  patentees,  therefore,  instead 
of  these  timbers,  place  rows  of  hard  strong  bricks  perpendicu- 
larly in  the  middle  of  their  walls,  at  short  distances  from  each 
other  in  height  as  well  as  horizontal  measurement,  and  they 
place  each  row  of  the  perpendicular  bricks  in  such  a manner, 
as  to  be  opposite  the  middle  of  the  space  between  the  row 
standing  in  the  same  position  immediately  above  or  below  it. 
Tliis  plan  for  obtaining  a vertical  bond  seems  new  and  inge- 
nious, and  is  applicable,  as  indeed  the  patentees  observe,  to 
stone  walls,  as  well  as  to  those  of  brick. 

The  following  figure  represents  a straight  arch,  which  is 
usually  made  the  height  of  four  courses  of  brick  ; but  in  con- 
siderable buildings,  it  may  with  great  propriety  be  made  the 
height  of  five  courses.  The  manner  of  drawing  the  joints  of  a 
straight  arch  will  be  evident  from  an  inspection  of  the  figure. 
The  joints  of  the  arch-stones  must  all  be  made  to  lie  in  a direct 
one  to  the  point  C.  The  point  C is  easily  obtained,  as  it  is  as 


fur  from  the  points  A and  B.)  which 
are  separated  by  the  w hole  breadth 
of  the  aperture,)  m A and  B ore 
from  each  other,  lienee  the  lines 
connecting  A,  B.  and  Ct  form  an 
equilateral  triangle.  To  key  the 
arch  in,  it  is  usual  to  linve  a brick, 
nnd  not  the  joint  between  two 
bricks,  in  the  centre;  and  therefore 
tho  division  of  the  arch  must  be 
managed  accordingly.  Though  the 
brick  in  the  middle  tapers  more  in 
the  same  length  than  the  extreme  bricks,  yet  ns  the  difference 
is  very  small,  it  is  disregarded,  from  the  great  convenience  of 
drawing  all  the  bricks  with  the  same  mould.  It  may,  however, 
be  observed,  that  the  real  taper  of  the  mould  may  be  a medium 
between  that  required  for  the  middle  and  that  for  either  ex- 
treme distance.  But  whether  this  be  done  or  not,  the  defect 
will  not  appear  In  practice. 

Fig.  1,  n scheme  arch,  one  brick,  that  is,  nine  inches  high. 
Fig.  2,  a semicircular  arch,  one  brick  high. 

f'S-  1.  Fig.  2. 


The  subjoined  figure  is  an  elliptic*'  arch,  one  brick  high,  tho 
top  of  which  is  divided  into  equal  parts,  and  not  the  under 
aide.  It  is  struck  from  three 
centres,  A.  B.  and  C. 

The  arches  delineated  in  the  last 
three  figures  are  often  made  a brick 
and  a half,  or  even  two  bricks  high  : 
but  (br  crowning  the  apertures  of 
ordinary  dwellings,  ihe  height  of 
one  brick  is  deemed  sufficient,  both 
for  stability  and  appearance.  In 
arches  of  one  brick  high,  w hen  the 
wails  are  only  half  a briek  thick, 
it  is  evident  thero  is  no  necessity 
for  joints  following  the  course  o| 
the  arch  in  every  alternate  brick.  Accordingly,  these  joints, 
in  such  walls,  are  generally  false  ones,  being  merely  nicks  of 
little  depth  cut  with  the  tin-saw  ; and  are  made  as  a kind  of 
decoration,  in  arches  exposed  to  view,  to  give,  when  pointed 
along  with  the  other  joints,  a more  lively  appearance.  But 
when  the  walls  are  of  one  brick  or  a greater  thickness,  the 


joints  in  question  must  be  real,  nnd  formed  of  two  bricks 
disposed  as  headers,  for  the  sake  of  bond. 

: j This  figure  is  a plan  of  Tap 

\*\  ]:  A.\  j:  //  per's  improved  method  ofgroin- 

\\  ing.  The  improvement  consists 

''-0k'''- — — in  raising  the  angles  from  an 

XflSv* octagonal  pier  instead  of  a 

i : ! square  one.  By  this  means, 

X i i \ the  angles  of  the  groins  are 

\\  i t vV^'VsJ  : ■''*  strengthened  by  carrying  the 

band  round  Hie  diagonals  of 

/wf' equal  bicndth,  thus  affording 

i p \ //!  :\\  better  bond  to  the  bricks,  w hich 
. I • \v/  i : are  usually  so  much  cut  away, 

that  inf  tend  of  giving  support, 
they  are  themselves  supported  by  the  adjacent  filling-in  arches. 
Square  piers  are  very  inconvenient  in  cellars,  by  hindering  the 
turning  of  goods  round  their  angles. 

In  different  parts  of  the  country,  it  will  naturall,  be  sup- 
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posed  that  many  differences  of  practice  will  prevail  in  the 
details  of  building.  Several  of  these  differences  originatein  local 
peculiarities  of  materials,  of  one  kind  or  another;  but  there  is 
one,  not  belonging  to  this  class,  respecting  which  we  might 
have  expected  to  find  a very  general  uniformity  of  practice. 
In  London,  and  a wide  district  around,  the  scaffolding  for  the 
workmen,  in  erecting  the  walls  of  a building,  is  external ; but 
in  Liverpool,  and  several  other  parts  of  Lancashire,  and  adja- 
cent  counties,  the  scaffolding  is  wholly  within  the  building, 
whatever  may  be  its  size  or  consequence.  On  the  merits  of 
cither  plan  we  shall  not  offer  a decisive  opinion  ; yet  wo  may 
remark,  that  external  scaffolding  is  not  only  the  most  expensive, 
but  has  an  air  of  insecurity  to  the  workman,  and  of  incompact- 
ocss,  which  is  unpleasant  to  the  observer,  especially  when  he  is 
awn  re  that  such  cumbersome  appurtenances  may  be  dispensed 
with.  In  populous  towns,  or  contined  places,  also,  the  en- 
croachment of  external  scaffolding  upon  the  street,  is  not  a 
trifling  inconvenience,  particularly  as  the  bricks  and  other  ma- 
terials must  be  at  some  di-dance  beyond  its  limits,  to  prevent 
accidents.  Interior  scaffolding,  on  tho  contrary,  being  sup- 
ported on  the  joists  of  each  Boor  ns  the  work  proceeds,  is 
erected  with  little  trouble  or  expense,  the  workman  marks  bis 
joints  with  as  much  case  and  regularity  as  if  he  were  at  the 
outside,  such  a thing  as  n falling  brick  or  splinter  is  hardly 
known,  and  the  bricks  and  other  material*  may,  if  necessary, 
be  laid  close  to  the  wall,  so  as  to  occasion  little  inconvenience 
in  the  street. 

To  obtain  the  desirable  requisite  of  dry  walls,  we  have 
already  observed,  that  the  usual  resort  is  the  use  of  interior 
lathwork  and  have  adverted  to  the  means  of  preventing  I Ills 
expense,  by  a proper  composition  of  the  mortar  or  stucco. 
Another  expedient  in  common  use,  intended  to  secure  the 
dryness  of  the  walla  when  lathwork  is  deemed  too  expensive, 
consists  in  leaving  a portion  of  the  bricks  in  the  core  or  middle 
of  the  walls,  w ithout  mortar  fiont  the  top  to  the  botlom.  The 
interstices  thus  left,  serve,  in  some  measure,  the  same  purpose 
as  the  space  between  the  lathwork  and  the  bricks.  Perhaps 
the  reference  to  a figure  may  make  the  nature  of  the  plan  more 
easily  apprehended.  In  the  ninc  ineh  wall,  in  the  elliptical 
arch,  the  longitudinal  joint  a 6,  and  the  middle  third,  or  from 
« to  f,  of  the  transverse  joint  c ti . would  be  left  without  mortar ; 
and  the  same  tiling  is  done  to  all  the  other  joints  or  portions  of 
joints  similarly  situated.  My  this  contrivance,  the  bond  of  the 
wall  is  greatly  weakened  ; but  strength.it  will  be  perceived,  is 
not  the  object  of  it ; the  walls  in  the  inside  arc  drier,  they  look 
as  well,  the  house  will  let  for  ns  high  a rent  ns  a stronger,  and 
its  instability  is  left  for  the  purchaser,  or  the  next  generation, 
to  discover.  It  has  not  unfrcquently  happened,  however,  that 
the  slightness  of  modern  houses  has  been  quickly  proved,  by 
their  having  tumbled  down  before  they  wero  even  fiuishcd. 
There  is  one  advantage  of  casing  external  walls  with  lathwork, 
which  is  independent  of  damp,  and  therefore  not  the  object, 
though  the  consequence,  of  that  operation.  As  air  is  one  of 
the  most  imperfect  conductors  of  heat  known,  the  column  of  it 
included  between  the  plaster  or  stucco  and  the  bricks,  tends 
to  prevent  the  temperature  of  apartments  from  being  affected 
by  sudden  vicissitudes  in  the  heat  of  the  external  atmosphere. 
Lathwork  casiug  should  be  composed  of  well-seasoned  heart 
laths,  as  the  sap  laths  will  shrink.  Heeds  arc  used  instead  of 
laths  in  some  parts  of  the  country:  but  they  require  a greater 
quantity  of  mortar  than  laths,  and  produce  on  the  whole  little 
or  no  saving. 

Frost  is  exceedingly  prejudicial  to  new  brick-work,  and  its 
effects  ought  to  be  guarded  azainst  with  the  utmost  care. 
When  it  is  apprehended,  the  wall  should  not  be  left  uncovered 
nt  night;  a capping  of  straw  or  of  wlalher-boarding  formed 
like  the  roof  of  a house,  to  carry  off  the  rain  equally  on  both 
sides,  if  any  occur,  is  generally  employed  ; and  sometimes  for 
the  more  complete  security,  both  the  straw  and  the  boarding 
are  employed  at  the  same  time,  the  straw  being  placed  next 
the  wall.  In  winter,  the  nioiinr  should  be  n«cd  stiller  than  at 
other  seasons,  and  if  a quantity  of  lime,  which  is  quite  fresh, 
or  has  been  kept  in  tight  casks  till  it  is  wanted,  were  reduced 
to  powder  without  slaking,  and  well  beat  up  with  it,  the  set- 
ting of  it  would  be  very  materially  hastened.  Where  strong 
work  is  reqv'nd,  it  is  not  expedient,  even  in  winter,  to  relin- 


quish tho  practice  already  recommended,  of  steeping  the 
bricks  in  lime-water;  and  when  this  is  done,  the  method  just 
mentioned  of  preparing  the  mortar  is  the  mote  useful.  Tho 
bricks  should  not,  however,  be  laid  so  dripping  wet  in  winter 
as  in  warm  dry  weather.  When  the  practice  of  steeping  the 
bricks  in  lime-water  is  rejected  as  too  troublesome,  the  sprin- 
kling of  each  course  with  common  water  may  be  considered  the 
easiest  substitute  for  that  operation.  This  method  of  strength- 
ening the  work  was  adopted  in  the  building  of  the  College  of 
Physicians,  London,  at  the  judicious  suggestion  of  Dr.  Hooke. 

If  the  mortar  has  been  suffered  to  lie  any  time,  previous  to 
its  being  used,  the  labourer  should  beat  it  up  again  to  give  it 
tenacity,  and  to  prevent  the  bricklayer  from  iosing  lime  in 
working  it  with  his  trowel. 

In  working  up  the  wall,  it  is  by  no  means  advisable  to  work 
more  than  four  or  five  feet  in  height  at  a time  ; for  as  all  wails 
shrink  a little  soon  after  building,  if  the  different  parts  of  the 
circuit  of  the  walls  or  carcass  be  carried  up  at  distant  inter- 
vals. one  part  will  sink  by  itself,  and  will  consequently  sepa- 
rate from  the  other  part  which  has  become  fixed.  No  portion 
of  a wall  ought  to  be  carried  up  more  than  the  height  of  one 
scaffold  above  the  rest,  except  in  some  case  of  pressing  emer- 
gency. In  carrying  up  any  particular  part,  each  side  on  the 
right  and  left  should  oc  sloped  off,  to  receive  the  bond  of  the 
adjoining  work. 

When  the  house  the  bricklayer  is  employed  upon  is  intended 
to  have  other  bouses  parnllel  with  it,  half  brick*  in  a straight 
line  with  the  front,  should  be  left  projecting  from  every  alter- 
nate course,  at  the  corner  or  corners  to  which  the  addition  is 
intended  to  be  made  ; or  otherwise,  an  excavation  equal  to  the 
breadth  of  a brick  in  front,  and  to  Hie  thickness  ol  the  w»!I 
from  front  to  back,  should  be  left  in  the  alternate  courses.  In 
either  case,  the  two  fronts  will  be  bonded  together,  and  flic 
gaps,  so  frequently  deforming  contiguous  houses,  when  the 
fronts  have  been  built  independently  of  each  other,  will  be 
prevented. 

Bricks,  as  a building  material,  have  several  advantages  over 
stone;  from  their  porous  texture,  they  unite  belter  with  the 
cement,  are  much  lighter,  and  the  walls  built  with  them  are 
very  little  subject  to  damps  arising  from  the  condensation  of 
the  moisture  in  the  atmosphere.  When  all  materials  arc  ready, 
a good  workman  with  his  labourer  will  lay  a thousand  or 
twelve  hundred  bricks  in  one  day. 

Brickwork  is  measured  by  the  squaie  foot,  reduced  to  the 
thickness  of  one  brick  and  a half;  thus  a wall  two  bricks 
thick,  ten  feel  long,  and  three  feet  high,  and  therefore  contain- 
ing only  thirty  square  feet  of  surface  in  front,  would  be  called 
forty  feet  reduced.  It  is  valued  by  the  rod  of  two  hundred  and 
seventy-two  feel.  Facing  and  gauged  arches  are  measured  by 
the  superficial  square  fool ; and  cornices  by  the  foot  running, 
or  length. 

V.  Masonry.— Masonry  is  the  term  used  to  designate  the 
art  of  building  with  stone,  as  well  as  the  work  itself  when 
executed. 

All  calcareous  stones  used  in  masonry,  namely,  those  that 
burn  to  lime,  if  hard,  of  a close  texture,  and  beautiful  appear- 
ance, from  the  variegation,  or  clearness  and  uniformity  of  the 
colours,  are  called  marble.  The  names  of  the  different  kinds 
of  marble  arc  generally  derived  either  from  their  colour,  or  the 
place  where  they  are  obtained.  The  most  valuable  kind  of 
milk-white  matblc  is  obtained  in  Italy,  and  is  too  costly  to  be 
often  used  for  any  but  the  smvller  ornamental  parts  ol  build- 
ings This,  when  cut  into  thin  slices,  is  semi-transparent. 
Many  parts  of  the  united  kingdom  abound  with  marble,  which 
is  mostly  more  or  less  coloured,  often  close  in  its  texture,  and 
capable  of  receiving  a high  polish.  Derbyshire  and  Westmore- 
land, in  England,  arc  the  counties  which  supply  the  greatest 
quantity  and  variety  of  marbles,  some  specimens  of  which  are 
highly  esteemed. 

When  marble  that  has  been  faced  with  a chisel,  is  intended 
to  be  polished,  it  is  ground  by  rubbing  it  with  rough-graincrl 
freestone,  assisted  by  sand  and  water,  until  the  chisel  marks 
are  removed.  Finer  and  fine-grained  freestone,  with  water, 
but  no  sand,  is  then  used,  till  the  surface  becomes  very 
smooth.  If  the  finer  grit-stones  be  found  too  slow  in  their 
operation,  a little  fine  Hour  of  emery  is  used.  The  last  and 
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highest  lustre  is  given  with  o\i<ie  of  tin,  well  known  under  the 
name  of  putty.  When  the  surface  of  the  marble  to  be  polished 
has  been  cut  with  n saw,  the  very  rough  freestone  and  sand  arc 
not  necessary.  In  other  respects  it  must  bo  finished  by  the  j 
same  process. 

Limestone  is  a coarse  kind  of  marble,  and  is  cut  and  polished  ' 
in  a similar  manner.  In  many  districts,  it  forms  immense 
strata.  From  its  great  hardness,  it  is  only  hammer-dressed  j 
when  used  for  the  fronts  of  buildings ; but  when  this  is  done  j 
in  the  best  manner,  the  effect  is  very  fine. 

The  stone  most  commonly  used  in  London,  is  Portland  stone, 
which  is  brought  from  the  island  of  Portland  in  Dorsetshire. 
It  is  of  a dull  w hitish  colour,  though  the  buildings  constructed 
with  it  have  a handsome  appearance.  When  recently  dug,  it 
is  soft,  and  easy  to  work,  but  ncouircs  hardness  with  age. 
Although  it  coutuins  silrx,  the  hardness  it  acquires  is  not  so 
great  that  it  will  strike  fire  with  steel.  Under  great  pressure, 
Portland  stone  is  apt  to  splinter  at  the  joints. 

Purbeck  stone  is  brought  from  the  islnnd  of  Purbcck,  also 
in  Dorsetshire  ; it  is  mostly  employed  in  rough  work,  such  as 
•tops,  paving,  &c. 

Freestone  is  a general  name  for  stones  of  very  different  qua-  | 
lilies  as  to  their  value  in  building.  It  consists  of  clay  and 
silex,  sometimes  the  ailex  amounts  to  nearly  one-half  its  weight, 
but  generally  it  is  considerably  less,  and  the  hardness  of  tin- 
stone varies  with  the  proportions  of  its  component  parts.  It 
is  often  called  grit  or  sand  stone.  It  is  a very  plentiful  stone  ; 
the  strata  of  entire  districts,  under  a slight  covering  of  soil, 
appearing,  in  various  instances,  to  be  composed  of  it.  The 
particles  of  some  kinds  of  it  have  so  little  cohesion,  that  small 
bits  maybe  granulated  between  the  fingers;  this  is  the  sort 
commonly  used  for  filtering  stones.  All  kinds  of  it  are  softer 
when  taken  out  of  the  quarry,  than  they  afterwards  become 
when  dry,  or  after  long  exposure  to  the  atmosphere.  Freestone 
is  generally  about  two  and  a half  times  the  weight  of  water. 
That  from  Ilollington,  near  Utoxetcr,  is  of  a whitish  or  yellow- 
ish gray;  that  from  Knipcrsly,  in  Staffordshire,  is  of  a bluish 
gray,  and  so  infusible  as  to  he  used  as  a fire  stone.  The 
colour  of  freestone  is  often  a dull  red,  but  sometimes  so  nearly 
white,  that  buildings  constructed  with  it  look  as  well  as  those 
of  Portland  stone.  Different  pArccts  of  freestone,  taken  from 
the  same  quarry,  frequently  exhibit  a considerable  diversity  of 
colour;  a circumstance  which  gives  a motley  appearance  to 
buildings  in  other  respects  perhaps  faultless.  When  the  stone 
has  been  recently  dug,  and  is  damp,  these  differences  arc  often 
not  perceptible.  If.  therefore,  uniformity  of  appearance  bo 
deviled,  the  stones  should  be  faced,  dried,  and  sorted  before 
they  are  used.  FrectlOM  Is  incapable  of  receiving  a polish, 
anti  therefore,  when  it  has  been  cut  with  a saw,  it  is  rarely  sub- 
mitted to  any  subsequent  operation  to  produce  greater  smooth- 
ness ; hut  when  it  has  been  reduced  with  the  chisel,  it  is  made 
smooth  with  another  piece  of  atone  of  the  same  kind,  along 
with  sand  and  water.  When  the  freestone  has  a laminated 
texture,  it  is  called  ling-stone,  and  is  divided  into  thin  pieces 
for  the  purpose  of  covering  houses,  and  for  Mooring. 

The  position  which  stones  have  had  in  the  quarry,  is  not  a 
matter  of  indifference  to  the  attentive  mason.  Stones  intended 
to  sustain  great  vertical  pressure,  as  pillars,  should  stand  in  a 
building  as  they  stood  in  the  quarry  from  which  they  were 
taken;  for  pillars,  the  axis  of  which  were  horizontal  in  the 
quarry,  when  placed  perpendicularly,  arc  apt  to  split  under  a 
great  strain.  Perhaps  all  stones,  however  solid  they  may 
nppenr,  possess  more  or  less  of  a laminated  texture. — a pro- 
perty doubtless  occasioned  by  separate  depositions,  or  crystal- 
lizations of  their  peculiar  matter.  What  kind  of  a pillar  any 
stone  well  known  to  be  laminated,  would  produce,  in  different 

ositions,  it  is  not  difficult  to  conjecture.  If.  for  example,  a 

lock  of  flag-stone  were  converted  into  a pillar,  so  as  to  leave 
each  lamina  or  flag  of  which  it  is  composed  posited  horizontally, 
it  would  sustain  any  weight  not  capable  of  crushing  it  to  atoms  ; 
but  if  the  lamina  were  placed  in  an  inclined  position,  so  as  to 
form  an  acute  angle  with  the  axis,  an  inconsiderable  pressure 
would  occasion  them,  where  the  cohesion  was  slightest,  to 
slide  over  each  other  ; lastly,  if  the  Lunina  were  placed  parallel  I 
to  the  axis,  the  pillar,  under  sufficient  pressure,  would  divide  I 
vertically  into  several  parts,  and  though  rather  stronger  than 
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in  the  last  instance,  would  still  be  comparatively  weak.  An 
attention  therefore  to  the  position  of  stones,  and  to  veins  or 
other  signs  which  may  indicate  the  existence  of  lamina,  well 
deserves  the  mason's  regard. 

VI.  Of  Cement » for  M atomy. — The  cement  used  by  the 
mason  for  the  ordinary  purposes  of  walling,  is  mortar,  differing 
not  from  that  used  by  the  bricklayer  ; and  as  we  have  already 
treated  of  this  subject  rather  at  length,  a few  remarks  in  this 
place  will  suffice.  Fur  the  joints  of  hewn  stone,  the  mortar 
should  he  much  finer  than  the  bricklayer  requires  ; and  some- 
times a mixture  of  oiljpntty,  or  very  thick  white-lead  paint,  is 
used  as  the  cement.  These  compositions  will  last  longer  than 
almost  any  stones,  and  will  remain  prominent  when  the  face  of 
the  softer  kinds  of  stone  has  been  corroded  by  age. 

The  cement  used  in  setting  column  stones,  is  mostly  oil- 
putty,  or  white  lead  mixed  with  chalk. putty,  or  fine  mortar. 
Sometimes  columns  are  set  upon  milled  lead  ; in  this  case,  the 
lead  should  not  be  quite  equal  to  the  column  in  diameter,  but 
■o  as  to  leave  a narrow  ring  externally,  which  must  be  filled 
with  oil-putty. 

In  situations  not  exposed  to  damp,  plaster  of  Paris  is  em- 
ployed as  a bedding  for  stones  or  marble.  When  a mantle-piece 
is  composed  of  valuable  marble,  the  various  pieces  are  com- 
monly very  thin.  In  this  case,  n considerable  thickness  of  plas- 
ter of  Paris  is  laid  on  the  back,  and  a slate  or  some  ordinary 
stone  bedded  in  it,  to  give  greater  strength.  Good  plaster  of 
Paris  is  scarcely  to  be  met  with,  nor  are  the  causes  of  its  im- 
perfections generally  understood  by  workmen.  We  shall 
therefore  point  them  out,  and  give  directions  for  preparing  it 
of  a uniform  and  excellent  quality,  when  we  treat  of  casting 
ing  in  plaster. 

The  Greeks  and  Romans  constructed  their  works  of  wrought 
stone  without  cement;  hut  as  they  used  a profusion  of  cramps 
and  bands  of  iron  and  bronze,  and  the  beds  of  the  enormous 
stones  they  used  were  finished  with  almost  mathematical  pre- 
cision, their  edifices  were  substantial  and  durable  in  the 
highest  degree.  Metallic  hands  and  cramps  arc  still  used  in 
aqualio  works,  as  well  as  for  lofty  steeples,  and  other  slender 
buildings  much  exposed  to  the  action  of  the  winds,  also  to 
connect  the  different  stones  composing  mantle-pieces,  See.  with 
the  wall. 

VII.  Of  Stone  Walls. — The  propriety  of  erecting  suspended 
or  inverted  arches,  according  to  circumstances,  and  other 
general  directions  already  given  respecting  foundations,  being 
as  applicable  to  stone  walls  ns  to  those  of  brick,  need  not  bo 
adverted  to  again.  The  explanation  of  a few  technical  terms 
will  therefore  be  our  first  object. 

Stones  which  run  through  the  thickness  of  a wall,  in  order  to 
bind  it,  are  called  bo  ml  stones;  in  some  parts  of  the  country 
they  obtain  the  name  of  through  tlonet. 

When  the  side  or  sides  of  a wall  Iran  back,  so  that  the  plumb 
would  fall  w ithin  the  base  of  the  w all,  the  inclination  is  called 
battering ; it  is  generally  made  about  one  inch  in  a foot. 

Tho  large  stones  at  the  base  of  a foundation,  which  project 
bejond  the  vertical  surface  or  front  of  the  superincumbent 
wall,  are  called  footings. 

The  parts  of  a wall  between  apertures,  or  between  an  aper- 
ture and  tho  corner,  arc  called  piers. 

The  beds  of  a stone  arc  its  upper  and  under  surface,  which 
are  generally  in  a horizontal  position  within  the  wall.. 

Walls  built  with  unhewn  stone,  with  or  without  mortar,  aro 
called  rubble  walls.  Rubble  walls  are  of  two  kinds,  the  coursed 
and  the  uncourscd.  In  the  counted,  the  stones  are  hammer- 
dressed  or  axed,  and  adjusted  by  a sizing  rule,  so  that  each 
row  of  stonos  furms  an  horizontal  surface.  In  the  uncourscd, 
the  stones  are  used  in  a rough  state,  nearly  as  they  come  out 
of  the  quarry. 

Walls  which  are  faced  with  squared  stones,  hewn  or  rubbed, 
and  hacked  with  rubble,  stone,  or  brick,  arc  called  ashlar. 

Wall-plates  are  horizontal  pieces  of  timber,  commonly  laid 
even  with  the  interior  of  walls,  for  tho  ends  of  the  joists  and 
other  timbers  to  rest  upon. 

The  footings  oT  walls  ought  to  consist  of  the  largest  stones 
which  can  be  conveniently  procured.  It  is  better  to  have  them 
I of  a rectangular  form  than  any  other,  and  if  not  square,  their 
, largest  surfaces  should  be  laid  horizontally.  With  this  shape 
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and  disposition,  they  will  make  the  greatest  resistance  to  sink- 
ing. If  the  stones  intended  to  be  employed  as  footings  deviate 
materially  from  a rectangular  figure,  when  received  train  the 
quarry,  they  ought  to  be  hammer-dressed  ; as,  if  they  taper 
downwards,  or  rest  upon  angular  ridges,  they  will  he  apt  to 
give  way  under  the  weight  of  the  superstructure.  When  the 
footings  can  he  obtained  the  full  breadth  of  tho  wall  in  one 
piece,  they  are  to  be  preferred  ; but  when  u sufficient  number 
of  stones  of  this  description  cannot  bo  obtained,  then  every 
alternate  stone  in  tho  course  may  be  the  whole  breadth,  with 
two  stones  next  to  it,  disposed  like  two  stretchers  In  a nine- 
inch  wall  of  Flemish  brick-work.  When  the  largest  stones 
which  can  be  conveniently  obtained,  are  insufficient  even  for 
the  latter  arrangement,  the  most  suitable  which  enn  be  pro- 
cured, must  be  disposed  so  as  to  break  in  the  best  manner 
circumstances  will  admit,  the  vertical  joints  in  the  same  course, 
as  well  as  those  of  the  different  courses  with  respect  to  each 
other.  Each  course,  also,  should  be  well  bedded  in  mortar. 

When  bond  timber  will  be  required,  the  uncoursol  rubble  is 
an  inconvenient  mode  of  building,  as  tbe  heights  on  which 
they  arc  disposed  must  be  levelled.  The  best  kind,  or  coursed 
tubblc,  admits  of  bond  timbers  without  difficulty,  for  though 
the  different  courses  are  not  of  tho  same  height,  the  surface  of 
each  of  them  is  level ; but  as  the  walls  in  which  bond  timbers 
are  introduced,  are  apt  to  warp  or  even  fall  in  case  of  tire,  the 
use  of  them  should  be  avoided  in  strong  well-built  wnlls. 

The  stones  of  an  ashlar  front  should  have  their  upper  and 
under  surface  correctly  parallel  with  each  other,  and  correctly 
at  right  angles  to  the  face.  If  these  surfaces  be  carelessly  left 
concave,  they  will  be  apt  to  splinter  near  the  edge  under  great 
pressure.  On  the  right  amllcfl  they  should  taper  inwards,  but 
the  taper  should  not  be  continued  quite  to  tbe  face,  though 
it  may  reach  tho  face  within  an  inch  or  two.  The  ashlar 
stones  having  the  form  of  a truncated  wedge,  they  will  in  each 
course  present  a series  of  angular  indentations  within  the 
wall,  like  tbe  spaces  between  tbe  teeth  of  a saw.  The  stones 
are  so  selected  and  disposed  that  the  vertical  or  upright  joints, 
and  consequently  the  angular  spares,  of  one  course  fall  on  the 
middle  of  tbe  stones  below,  By  this  means  the  ashlar  face  is 
bonded  to  the  rubble,  brick,  or  rough  stone  of  the  back,  and 
the  strength  of  the  wall  much  greater  than  if  each  stone  was 
of  an  equal  rectangular  figure.  Strength  is  also  to  be  pro- 
moted by  adopting  a plan  not  commonly  regarded,  that  of 
sorting  tbe  stones,  so  that  in  each  alternate  course  they  will 
extend  farther  into  the  wall  than  those  of  the  course  immedi- 
ately above  and  below.  In  ashlar  work,  tho  bond  stones, 
which  ought  frequently  to  be  introduced,  cannot  like  the  other 
stones  have  a wedge-like  form  ; they  must  be  rectangular  ; and 
they  produce  the  best  effect,  when  so  disposed  in  each  course  that 
they  will  be  opposite  the  middle  of  the  spaco  between  tho  two 
bond  stones  in  tbe  course  immediately  above  and  beneath  them. 

VIII.  Of  Slone  Columns. — When  large  stone  columns  are 
made  in  one  piece,  their  effect,  from  that  circumstance  alone,  is 
very  striking;  but  ns  this  advantage  is  not  always  obtainable, 
the  next  object  is  to  make  the  joints  as  few  and  as  minute  as 
possible,  as  well  as  to  be  very  attentive  in  selecting  the  differ- 
ent stones  to  bo  combined,  that  tho  joints  may  not  be  described 
at  a distance,  by  the  commencement  of  a different  colour.  From 
what  has  been  said  in  the  section  on  the  different  kindsof  stone, 
it  will  be  understood  that  none  but  horizontal  joints  can  be 
allowed  in  any  shaft;  all  others  being  inconsistent  with  the 
laws  of  strength. 

The  stones  proper  for  an  intended  column  bring  procured, 
and  the  order  in  which  they  are  to  succeed  each  other  being 
determined,  tho  next  consideration  will  be  to  ascertain  the 
exact  diameter  proper  for  each  end  of  every  one  of  them.  For 
this  purpose,  draw  an  elevation  of  tho  proposed  column  to  the 
full  size,  divide  it  by  lines  parallel  to  the  base,  into  as  many 
heights  as  the  column  is  intended  to  contain  stones,  taking 
care  that  none  of  the  heights  exceed  the  length  that  the  stones 
will  produce.  The  working  of  the  stones  to  the  diameters 
thus  obtained  then  becomes  easy.  The  ends  of  each  stone 
must  first  be  wrought  so  ns  to  form  exactly  true  and  parallel 
planes.  The  two  beds  of  « stone  being  thus  formed,  find  their 
centres  and  describe  a circle  on  each  of  them.  Divide  these 
circles  into  the  same  number  of  equal  parts,  which  may  for 


example  amount  (o  six  or  eight.  Draw  lines  across  each  eud 
of  the  stone,  so  that  they  will  pass  through  the  centre  and 
through  the  opposite  divisions  of  tbe  same  end.  The  extre- 
mities of  these  lines  are  to  regulate  the  progress  of  the  chisel 
along  the  surface  of  the  stone,  and  therefore  when  those  of 
one  end  have  been  drawn,  those  of  the  other  must  be  made  in 
the  same  plane,  or  opposite  to  them  respectively.  The  cylin- 
drical part  of  the  stones  must  be  wrought  with  the  assistance 
of  a straight-edge;  but  for  the  swell  of  the  column,  a dimi- 
nishing rule,  that  is,  one  made  concave  to  the  line  of  the  co- 
lumn, must  be  employed.  This  diminishing  rule  will  serve  to 
plumb  the  stones  in  setting  them.  If  it  be  made  the  whole 
length  of  the  column,  the  heights  info  which  the  elevation  of 
the  column  is  divided,  should  be  marked  upon  it,  so  that  it 
may  be  applied  to  give  each  stone  its  proper  curvature.  But 
as  the  use  of  a long  diminishing  rule,  when  the  stones  arc  in 
many  and  short  lengths,  would  be  inconvenient,  rules  corre- 
sponding in  length  to  that  of  the  different  heights  may  be  em- 
ployed with  advantage. 

Of  the  different  methods  which  may  be  practised,  to  obtain 
the  curvnturo  of  the  rule  lo  be  used  in  the  diminution  of  tbe 
shaft  of  a column,  the  following  may  be  considered  the  easiest 
and  best  adapted  for  general  use ; Let  A B,  in  the  annexed 
figure,  represent  the  height  of  the  column,  tf  the  semi-diameter 
of  the  lower  part,  and  g h the  semi-diameter  of  the 
upper  part,  according  to  the  customary  propoiiion 
of  the  diminution.  As  the  lower  one-third  of  the 
column  must  be  cyhndiiral,  draw  a line  from 
r to  t,  parallel  to  A H.  What  we  now  want  is,  to 
obtain  a curved  line  from  i,  which  will  fall  into  g 
without  making  the  diameter  of  the  upper  two- 
thirds  of  the  column  in  any  point  greater  than  that 
of  the  lower  or  cylindrical  third.  With  the  radius 
til,  draw  tho  quarter  of  a circle  C.  Draw  a line 
from  the  narrowest  part  of  the  column,  that  is, 
from  y,  parallel  to  the  axis  or  middle  line  A It, 
till  it  cuts  tho  quadrant  of  a circle  C.  Divide 
tbe  arc  contained  between  i and  the  point  where 
y cuts  C,  into  four  equal  parts,  as/,  m,  n,  o,  and 
divide  the  height  A A into  the  same  number  of 
divisions  as  this  arc,  as  I, *2,  3.  From  the  point 
m draw  a line  parallel  to  the  axis,  which  will  cut 
the  transverse  lined  at  r ; from  n draw  another  line 

riarAllel  to  the  axis,  which  will  cut  the  transverse 
inc  2 in  w;  in  the  same  manner  draw  a line  from  o 
lo  the  transverse  line  l,  which  it  will  cut  in  x. 
Now  the  curved  line  of  the  column,  between  t and 
g,  must  pass  through  the  points  x,  v,  r ; therefore 
nt  or  near  all  the  points  from  t to  y inclusive,  drive 
in  two  pins  or  nails,  in  such  a manner  that  the 
direction  in  which  each  pair  of  nails  stand  shall 
he  the  same  as  the  transverse  lines  of  the  column. 
Dclwecn  each  pair  of  nails,  also,  there  must  be 
just  sufficient  spaco  left  to  admit  a thin  slip  of 
wood,  like  n lath,  or  some  other  equally  flexible 
substance,  and  care  must  be  taken  to  fix  the  nails 
in  such  a position,  that  when  this  slip  of  wood  is  placed 
between  them,  either  its  inner  or  its  outer  perpendicular  sur- 
face shall  exactly  coincide  with  the  several  points  of  diminu- 
tion i,x,  w\  r.  g.  This  being  done,  it  is  easy,  with  a pencil  or 
any  marking  instrument  suited  to  the  surface  worked  upon,  to 
draw  a line  along  the  slip  of  wood,  which  line  will  be  the  curve 
of  the  shaft.  Tiie  piece  intended  to  be  used  as  a diminishing 
rule  may  have  the  curve  made  on  it,  or  transferred  to  it,  as 
may  be  deemed  most  convenient.  It  will  also  be  understood, 
that  the  number  of  the  parts  into  which  the  arc  /i,  and  tbe 
height  A A arc  divided,  and  which  determine  the  number  of 
diminishing  points  obtained,  may  be  varied  at  pleasure.  In 
no  case,  however,  can  it  be  considered  advisable  to  make  these 
divisions  fewer  than  four,  though  for  lofty  columns  they  may 
be  made  two  or  three  times  that  number,  as  they  constitute  so 
many  checks  upon  the  irregular  or  imperfect  flexibility  of  tho 
Intli  or  spring  rule.  As  so  much  of  the  beauty  of  a shaft 
depends  upon  the  easy  and  imperceptible  transition  from  the 
cylindrical  to  the  tapering  part,  it  may  he  advantageous  to. 
divide  tbe  arc  from  i tu  o into  two  parts,  and  tho  division  A 1, 
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of  the  shaft,  also  into  two  parts;  a diminishing;  point  will 
then  be  obtained  between  » and  x,  which  will  be  of  use  to 
lessen  the  possibility  of  imperfection. 

Another  mode,  which  wc  shall  recite,  of  diminishing  a shaft, 
is  not  essentially  different  from  the  preceding  : Divide  the  shaft 
from  I)  to  E.  in  the  first  figure,  into  four  parts,  as 
1,2,3;  divide  the  space  E F,  which  is  the  differ- 
ence between  the  superior  scmi-dianirtcr  lir,  and 
the  inferior  or  tower  diameter  D7.  into  the  like 
number  of  parts,  err*  four.  Draw  lines  from  each 
division  011  E F tending  to  the  point  I>.  The  first 
lino  next  to  F will  reach  to  D.  the  point  from  which 
the  diminution  commences, in  a direction  parallel 
to  the  axis ; the  next  line,  reckoning  from  the  snme 
side,  will  give  the  point  a ; the  third  line  the  point 
b;  and  the  fourth  line  the  point  r;  a line  from  the 
point  E,  which  is  the  limit  of  the  diminution,  need 
not  be  drawn.  The  points  E.  e.  6,0,  I),  constitute 
the  places  where  the  nails  must  be  driven  in,  to 
direct  the  path  of  the  lath  us  in  the  last  example. 

Some  artists  prefer  this  inode  of  diminution. 

Here,  also,  as  before,  the  number  of  tbedivisiona  is 
optional,  but  a greater  error  may  be  committed  by 
making  them  loo  few  than  too  numerous. 

To  draw  the  flutes  and  fillets  on  the  shaft  of  a 
column,  the  following  will  be  found  an  easy  and 
effectual  method  : Let  A,  in  the  second  figure,  be 
the  shaft;  make  a hole  exactly  in  the  centre  of 
both  ends,  and  into  each  hole  drive  a piece  of 
wood,  so  as  to  be  quite  tight,  and  to  project  five 
or  six  inches.  The  projecting  part*  bh,  of  the 
pieces  of  wood,  must  be  well  rounded  off,  and 
made  exactly  in  the  middle  of  the  ends.  Being 
provided  with  a diminishing  rule,  made  as  above- 
mentioned  to  the  curve  of  the  shaft,  it  may  here 
be  used  as  the  ruler,  by  fixing  it  in  a 
groove  in  two  pieces  of  wood,  rc,  so  as  to 
revolve  with  them  upon  the  pins  b b.  The 
edge  of  the  rule  must  be  brought  very 
near  the  shaft,  and  one  side  of  it  must 
tend  exactly  to  the  centre,  which  is  done 
by  giving  that  direction  to  one  side  of  the 
grooves  in  e c,  as  shewn  by  tho  dotted 
lines  £«.  As  the  diminishing  rule  d is 
commonly  made  rather  slender,  and  there- 
fore will  be  apt  to  bend  with  the  force 
employed  to  draw  the  lines,  it  will  he 
proper  to  fix  a piece  of  wood,  of  sufficient 
thickness  to  keep  it  straight,  on  the  hack, 
or  that  side  of  it  which  does  not  tend  to 
the  centre.  As,  in  marking  u long  column, 
there  may  he  some  difficulty  in  keeping 
the  rule  steady  while  the  lines  are  drawn, 
the  strong  piece  of  wood  thus  attached  to 
the  hack  of  the  diminishing  rule  may  have 
one,  two,  or  more  screws,  according  to  its 
length,  passing  through  it,  as  //,  and 
pressing  against  the  shaft,  by  which  means 
tho  rule  will  be  staid  at  any  part  of  a 
revolution,  much  more  effectually  than 
with  the  assistance  of  several  men.  The 
screws  ought  to  be  of  wood,  or,  if  iron, 
their  extremities  should  bo  prevented 
from  injuring  the  stone,  by  the  interposi- 
tion of  a fiat  picco  of  metal,  or  some  other 
suitable  substance.  These  arrangements 
being  made,  the  line*  desired  may  bo 
drawn  with  any  sharply-pointed  steel  in- 
strument kept  close  to  the  rule,  with  tho 
greatest  ease  and  precision,  from  divisions 
previously  marked  at  ono  end.  To  obtain 
these  divisions,  suppose  it  were  desired  to 
flute  the  Ionic,  the  Corinthian,  or  Compo- 
site columns,  the  circumference  at  one  end 
wili  be  divided  into  six  equal  parts,  by  taking  half  the  diame- 
ter at  that  end,  and  applying  it  round  the  said  circumference; 
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and  if  each  of  these  divisions  be  divided  into  four,  the  whole 
circumference  will  be  divided  into  twenty-four.  In  order  to 
make  the  proportion  of  a flute  to  a fillet  a*  one  to  three,  divide 
any  one  of  these  last  divisions,  or  twenty-fourth  part  of  the 
circumference,  into  four  equal  parts,  mid  one  of  these  parts 
will  be  the  breadth  of  a fillet;  which  being  set  off  from  the 
same  side  of  each  division,  the  whole  shaft  will  be  properly 
divided  for  flutes  and  fillets,  and  consequently  prepared  foi  thu 
use  of  the  rule. 

To  draw  the  flutes  mid  fillets  on  n diminished  pilaster,  make 
a line  down  the  middle  of  the  face  of  it,  from  top  to  bottom  ; 
divide  this  longitudinal  line  into  any  convenient  number  of 
equal  parts,  and  through  tlu*  point*  of  division  draw  transverse 
lines  crossing  the  breadth  of  the  pilaster ; set  off  the  flutes  and 
fillets  on  each  transverso  lino;  fix  pins  or  nails  at  each  cor- 
responding point  of  the  imnsverse  line,  and  draw  the  lines 
with  thr  help  of  a pliable  slip  of  wood,  as  in  obtaining  tho 
diminution  of  a shaft. 

IX.  Stone  bridges  have  been  explained.  See  Bridges. 

Miscellaneous  Remarks  relative  to  Building. 

Under  this  title,  wc  shall  include  a variety  of  particulars, 
cither  not  belonging,  or  not  exclusively  belonging,  to  Masonry 
or  Biirklnying.  Under  the  first  head  of  this  subdivision  of  the 
chapter  on  Building,  the  earliest  notice  seems  due  to  a sketch 
of  tiic  general  rules  proper  to  be  observed  with  respect  to  the 

X.  Situation  and  Plan  of  Hornet.  See  Arch  1 1 i c rt’RE.-— 
With  respect  to  situation,  when  the  person  who  is  intending  to 
build  enjoys  the  advantage  of  choice,  the  proximity  of  marshes, 
fens,  of  a boggy  soil,  or  stagnant  w ater,  should  be  avoided.  II 
a river  he  very  near,  the  site  of  the  house  should  he  on  ele- 
vated ground,  so  ns  to  he  out  of  the  reach  of  the  unw  holesome 
fog*  and  mists  arising  from  it  early  in  lltu  morning.  A neigh- 
bourhood where  cattle  thrive,  and  where  the  inhabitants  arc 
healthy  and  cheerful,  or  arc  remarkable  for  their  longevity,  may 
be  regarded  as  possessing  a salubrious  air.  The  most  essential 
requisites  of  a good  situation,  or  those  which  arc  most  con- 
ducive to  health,  being  obtained,  minor  advantages  may  be 
regarded  according  to  their  importance.  Abundance  of  water, 
fuel,  and  ways  of  easy  access  to  arrive  at  the  house,  arc  con- 
veniences of  lasting  value.  The  advantages  of  a situation, 
with  regard  to  prospect,  are  of  a mure  pioblcraatical  nature,  as 
they  are  so  differently  valued  by  different  persous.  A man  of 
laste  will,  however,  undoubtedly  prefer  a spot,  the  prospect 
from  which  is  most  agreeably  diversified  in  the  distribution  of 
its  land,  wood,  and  water;  mid  those  who  havo  little  or  no 
relish  for  tho  charms  of  nature,  will  perhaps  consult  their  own 
comfort  more  than  they  may  be  aware  of.  by  making  the  same 
choice.  There  arc  very  few  so  obstinately  morose,  us  to  bo 
uninfluenced  by  the  opinions  of  others  ; and  to  observe  those 
about  them,  particularly  visitors,  warm  in  their  admit ation  of 
tho  surrounding  scenery,  may  create  a beneficial  complacency 
which  they  would  otherwise  want. 

Trees  at  a little  distance  from  u house  arc  better  than  hill*, 
as  they  yield  during  the  day.  in  summer,  a cooling,  refreshing, 
sweet,  healthy  air;  and.  in  winter,  kicak  und  diminish  the 
keenness  of  the  winds.  Hills  on  the  cast  and  south  side  are 
the  most  inconveniently  situated.  If  the  site  of  a bouse  he 
low,  the  first  floor  shouid  be  set  so  much  the  higher.  Ccllat* 
contribute  to  the  dryness  of  a house,  if  tho  ceilings  and  floor* 
be  good. 

With  respect  to  the  situation  of  the  parts  of  a house,  the 
studies,  libraries,  and  chief  rooms,  particularly  the  bed-chain- 
hers,  should  face  the  east ; those  offices  which  require  heat,  as 
kitchens,  brew  houses,  bakehouses,  and  distilleries,  should  havo 
southern  aspects  ; and  those  which  require  a cool  fresh  air,  ns 
cellars,  pantries,  dairies,  granaries,  a northern  one,  which  i* 
also  proper  fur  galleries,  paintings,  museums,  &c.  which  require 
a steady  light. 

When  a situation  has  been  fixed  on,  the  plan  and  elevation 
of  every  part  should  be  made  by  some  person  w ell  acquainted 
with  the  theory  atul  practice  of  building.  A skilful  architect  will 
] not  only  make  tho  structure  handsome  and  convenient,  but  will 
save  the  great  expenses  often  incurred  in  rectifying  the  blunders 
of  hasty  and  injudicious  management.  For  a small  building, 
the  elevation  of  each  frout,  with  a plan,  may  indicate,  with  suf. 
ficicnt  correctness,  its  ultimate  advantages  ; but  lor  a large 
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mansion  or  structure  of  any  description,  consisting  or  many 
complex  parts,  the  most  certain  way  to  prevent  mistakes,  is  to 
have  a perfect  model  of  the  whole  made  to  a regular  scale.  In 
order  that  such  a model  may  not  mislead  the  judgment  by  pleas* 
ing  the  eve.  it  should  bo  made  of  plain  wood,  of  one  colour. 

Lodges  and  small  houses,  standing  alone,  have  un  agreeable 
appearance  when  of  a cubical  figure;  but  large  mansions  of 
this  shape  look  rather  clumsy ; an  oblong  is  therefore  commonly 
preferred,  care  being  taken  not  to  make  the  plan  so  long  as  to 
lose  much  room  in  the  passages  which  will  be  required,  and 
which  will  be  difficult  to  light.  When  the  length  of  a mansion 
does  not  exceed  the  bicadth  more  than  one-third,  the  propor- 
tion is  good. 

XI.  Of  Haunts. — The  principal  objects  to  be  regarded  in  the 
arrangement  and  proportions  of  rooms,  are  doubtless  (hose  of 
convenience,  and  their  adaptation  to  health.  Itooms,  the  plan 
of  which  are  rectangular,  give  the  greatest  facility  to  conveni- 
ence of  arrangement,  without  the  disadvantage  of  losing  the 
space  tendered  unavoidable  by  adopting  circular  or  other 
curved  forms  ; but  with  regard  to  health,  the  height  of  a room 
should  at  least  be  ten  or  twelve  feet,  and  this  point  should  be 
regarded  even  in  apartments  too  small  to  render  such  an  ele- 
vation proper  in  an  architectural  point  of  view'.  A square  is 
an  agreeable  form,  but  is  most  proper  for  rooms  not  exceeding 
a moderate  size,  as  it  cannot  well,  if  very  large,  be  completely 
lighted  from  one  wall,  and  the  company,  while  ranged  on  each 
aide,  arc  tco  far  apart.  For  spacious  apartments,  n rectangular 
parallelogram  or  oblong  is  a more  convenient  figure,  and,  with 
regard  to  beauty,  every  variation  in  the  proportion,  from 
nearly  a square  to  a square  and  a half  or  scsquilntcrnl,  may  be 
employed.  If  the  length  of  the  plan  be  extended  materially 
beyond  a scsquilatcrnl,  the  apartment  obtains  rather  the 
appearance  of  n passage  or  gallery,  and  it  becomes  impossible 
to  adjust  the  height  so  ns  to  suit  both  the  length  and  breadth. 
In  square  rooms  of  the  first  story,  the  height  may  be  from  four- 
fifths  to  five-sixths  of  the  breadth  of  the  side ; and  in  oblong 
rooms,  tho  height  may  be  equal  to  the  width.  An  error  in 
favour  of  height,  is  preferable  to  making  a room  too  low. 

The  height  of  rooms  on  the  scrond  story  inny  be  one-twelfth 
part  less  than  that  of  the  chambers  below : and  if  there  is  a 
third  story,  divide  the  height  of  the  second  into  twelve  equal 
parts,  of  which  take  nine  for  the  height  of  such  rooms. 

An  eligible  length  for  galleries  is  five  limes  their  breadth, 
and  they  should  rarely  exceed  eight  limes  their  width  in  length; 
their  height  may  exceed  their  breadth  in  the  proportion  of  a 
third  or  even  three-filths,  according  to  their  length. 

As,  however,  in  modern  houses,  all  the  rooms  of  the  same 
story  arc  commonly  of  the  same  height,  and  convenience  re- 
quires them  to  be  of  dilfcrcnt  sizes,  according  to  their  use,  it 
follows  that  the  best  proportion  of  the  height  to  the  other 
dimensions,  cannot  always  be  observed,  without  incurring  some 
extraordinary  expense.  Where  expense  is  not  a hinderancc, 
the  height  of  the  story  may  be  suited  to  the  principal  rooms, 
and  the  middle-sized  rooms  may  be  reduced  by  covering  the 
ceilings,  with  a flat  in  tho  middle,  or  liy  groins  or  domes,  which 
will  add  to  their  beauty,  independently  of  bettering  their  pro. 
portions. 

Precautions  should  be  taken  to  prevent  the  effluvia  from  the 
kitcheu,  brewhouse,  and  other  offices,  from  penetrating  to  the 
bed-chambers  and  dining  rooms.  The  most  difficult  object  to 
attain  of  this  description,  is  to  prevent  the  effluvia  of  the 
kitchen  from  annoying  the  dining-room,  to  which  the  access 
from  it  should  be  as  easy  and  short  as  circumstances  will 
allow',  for  the  convenience  of  the  servants  waiting  at  table. 
In  country  mansions,  which  admit  of  the  greatest  liberty  of 
plan,  and  where  the  kitchens  are  above  ground,  this  may 
generally  be  done  by  such  an  arrangement  of  the  doors  and 
passages  of  communication,  that  no  current  of  air  from  the 
kitchen  can  proceed  directly  townrds  the  dining-rooms.  But 
In  town  houses,  where  the  kitchen  is  beneath  the  parlour  floor, 
and  therefore  not  only  far  nearer  in  point  of  situation  (though 
not  perhaps  of  access  for  persons)  than  it  is  usually  placed  in 
the  country,  but  on  a lower  level,  the  lighter  warm  air,  charged 
w ith  the  smell  of  tho  various  operations  of  cookery,  is  apt  to 
be  felt  above,  from  its  disposition  to  ascend.  It  may,  how- 
ever, he  effectually  removed  by  a small  separate  funnel,  carried 


up  in  the  stack  with  the  rest,  and  next  to  that  of  the  kitoben. 
This  funnel,  to  be  used  for  no  other  purpose,  must  have  its 
throat  or  lower  opening  level  with  the  ceiling  of  the  kitchen- 
The  lighter  air,  charged  with  the  vapours  of  the  cooking,  will 
then  pass  off  into  the  external  atmosphere  by  this  aperture, 
instead  of  accumulating  under  the  ceiling  of  the  kitchen,  until 
it  forms  a stratum  as  low  as  the  top  of  tho  kitchen  door,  and 
then  ascending  through  the  house  by  the  stairs  arid  passages. 
The  opening  of  this  funnel  or  pipe  may  be  closed  by  a hinged 
door,  when  no  operation  is  going  on  in  the  kitchen  which  can 
create  a disagreeable  smell. 

Every  chamber  in  a bouse  should,  if  possible,  hare  a f re- 
place, the  place  of  which,  in  those  employed  as  bed-rooms,  if 
they  aro  not  very  spacious,  should  be  about  two  feet  or  two 
feet  and  a half  out  of  the  middle,  to  allow  room  for  tho  bed. 
In  apartments  of  twenty  or  twenty-four  feet  n side,  this  arrange- 
ment need  not  be  studied,  as  the  bed  can  without  it  be  placed 
sufficiently  far  from  the  fire. 

XII.  ( ‘fiiinnrys. — That  no  apartment  can  be  comfortable  which 
is  incommoded  with  smoke,  will  not  be  contradicted  ; yet  we  find 
a very  general  disregard  of  the  precautions  which  w ould  secure 
a strong  draft  up  the  chimney.  Masons  and  bricklayers  follow 
their  own  fancy  or  judgment,  which  arc  often  influenced  by 
their  convenience,  or  by  local  customs,  with  little  regard  to 
rational  piinciple.  It  frequently  happens  that  the  smoking  of 
chimneys  is  occasioned  by  their  being  carried  up  narrower  at 
the  top  than  below,  or  by  their  having  one  or  more  sharp  angu- 
lar turns.  When  chimneys  are  constructed  in  a pyramidal  or 
tapering  form,  and  arc  besides  left  rough  or  unplastcred,  with 
stones  or  bricks  projecting  into  them,  as  well  as  the  mortar 
pressed  from  the  joints  in  the  wall,  their  smoking  is  almost 
certain.  The  air.  rarefied  by  tire  fire,  passes  up  a chimney 
with  the  smoke;  but  as  it  recedes  from  the  impelling  power,  or 
fire,  it  moves  slower,  and  requires  a greater  portion  of  space 
to  circulate  through  ; if  then,  the  upper  part  of  a chimney, 
instead  of  being  wider  than  below,  be  contracted,  and  if  the 
roughness  of  the  walls  concur  at  the  same  time  to  increase  the 
obstruction,  it  is  no  wonder  that  the  smoke,  taking  the  path  of 
least  resistance,  should  find  its  way  into  the  room,  whenever 
assisted  by  a current  from  above.  If  may  be  urged,  that  a 
chimney  wider  at  the  top  than  below,  allows  (he  w ind  mom 
liberty  to  blow  down;  but  it  must  be  considered,  that  the  wind 
having  no  adequate  resistance  from  above  to  overcome,  must 
necessarily  return,  and  llius  facilitate  the  free  egress  of  the 
smoke.  On  the  other  hand,  w hen  a current  of  air  rushesdown 
a pyramidal  chimney,  it  becomes  confined  or  wedged  in,  and  if 
urged  by  a constant  wind,  the  rarefied  air  from  the  fire  cannot 
make  head  against  it,  and  therefore  the  smoke  bursts  into  the 
room. 

Experiments,  in  endless  variety,  and  often  at  great  expense, 
have  been  made  to  prevent  or  cure  smoky  chimneys  ; we  shall 
notice  some  of  the  most  simple  and  efficient;  but  it  will  Im- 
proper to  explain,  in  the  first  place,  some  of  the  terms  which 
arc  used  in  speaking  of  chimneys.  The  aperture  from  a chim- 
ney into  the  room,  is  called  the  fire-place.  The  projecting 
parts  of  the  wall,  on  the  right  and  left  of  the  fire-place,  art- 
called  jambs.  The  head  of  the  fire-place  resting  upon  the 
jambs,  is  called  the  mantle.  The  mantle,  and  the  whole  side 
of  the  chimney  above  it  up  to  the  top,  arc  called  the  ha-east. 
The  side  of  the  chimney,  called  the  breast,  being  pointed  out, 
the  application  of  the  term  back,  to  the  opposite  side,  explains 
itself.  The  sides  of  the  fire-place  contained  between  the  jninhs 
and  the  back  are  called  carings.  Tho  throat  is  that  part  of 
tho  opening  immediately  above  the  fire,  and  contained  between 
the  mantle  and  the  back. 

When  chimneys  arc  bounded  on  the  top  by  a zigzag  line, 
so  as  to  resemble  the  teeth  of  a saw,  they  are  found  to  In- 
fer less  liable  to  smoke  than  those  in  other  respects  under 
the  same  circumstances ; and  in  a great  variety  of  cases,  the 
cheap  and  easy  expedient  of  altering  the  ttys  of  smoky  chim- 
neys to  this  form,  has  been  attended  with  complete  success. 
The  partitions  in  a stack  should  be  indented  as  well  as  the  out- 
side wall. 

The  fire-place  is  generally  an  exact  square.  Its  hefght.  in 
large  rooms,  is  often  very  properly  made  less  than  a square, 
and  in  small  rooms,  particularly  when  the  chimney  is  in  n 
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corner,  il  is  rather  more.  In  rooms  from  twenty  to  twenty- 
four  feet  square,  or  of  equal  urea,  it  may  be  from  four  feet  to 
four  feet  and  n half  broad : in  rooms  from  twenty-four  to 
thirty  feet  square,  it  may  be  from  futir  and  n half  lo  five  feet; 
and  in  rooms  still  larger,  it  may  be  extended  in  a similar 
proportion  to  six  feet.  If  much  beyond  six  feet,  whatever 
may  be  the  size  of  the  room,  the  effect  will  not  he  good  ; 
for  if  the  fire  be  proportionate,  it  will  excite  rather  the  idea 
of  a furnace.  Two  fire-places  will  certainly  be  better  than 
one  of  such  overgrown  dimensions.  As  to  the  effect  of  the 
form  of  this  aperture  on  the  draft,  its  breadth  is  not  very  im- 
portant, provided  it  be  not  so  narrow  as  to  prevent  the 
covings  from  standing  with  their  greatest  power  of  reflection 
tow  ards  the  room  ; but  the  height  should  seldom  exceed  two 
feet  six  inches  to  the  under  side  of  the  mantle.  The  throat 
should  not  be  more  than  four  or  five  inches  wide  ; but  should 
be  contracted  by  a part  moveable  at  fbo  bock,  when  the  chim- 
ney requires  sweeping.  The  nearer  the  throat  is  brought  to 
the  fire,  the  stronger  the  draft  will  be.  For  (ire-places  about 
three  and  n half  feet  wide  in  front,  the  flues  of  chimneys,  abovo 
the  throat,  are  usually  made  equal  to  about  twelve  inches 
square  ; and  the  general  rule  is.  to  make  the  area  of  the  hori- 
zontal section  of  the  flue  equal  to  the  area  of  the  horizontal 
section  of  the  fire.  If  the  flue  were. smooth  and  circular,  this 
mode  of  proportioning  its  size  would  doubtless  be  found  to 
allow  it  unnecessarily  large.  Where  bends  are  required  iu  a 
flue,  they  should  be  in  a curved,  and  not  an  angular  direction. 
High  chimneys  always  draw  better  than  low  ones,  as,  in  pro- 
portion to  their  length,  the  influence  of  the  wind  extends  a 
shorter  way  down  them.  An  apartment  made  wind-tight,  by 
listing  the  doors  and  other  contrivances,  is  liable  to  be  incom- 
moded with  smoke,  from  the  want  of  draft,  even  when  the 
chimney  in  constructed  in  the  most  proper  mannpr : a few 
minute  holes,  communicating  with  the  exterior,  will,  in  such 
cases,  constitute  an  effectual  remedy. 

Another  metbod  of  increasing  the  draft  of  a chimney,  con- 
sists in  setting  the  grate,  if  a Bath  stove,  eleven  or  twelve 
inches  from  the  fender;  and  in  cutting  away  the  back  of  the 
chimney,  so  as  lo  leave  a space  of  two  inches  between  it  and 
the  hack  of  the  grate.  If  the  grate  he  of  the  common  form, 
the  sides  should  be  filled  up  with  brick  work.  By  this  con- 
* true  lion,  the  air  that  passes  behind  the  back  of  the  grate,  as- 
sisting to  impel  the  smoke,  prevents  its  bursting  into  the  room. 
— That  a chimney  clogged  with  soot  will  be  apt  to  smoke,  is 
so  well  known,  as  to  require  no  notice  here. 

The  evils  attending  the  practice  of  cleaning  chimneys  by 
means  of  climbing  boys,  are  of  the  first  magnitude.'  The 
degraded  situation  of  the  children  in  this  employment,  so 
destructive  to  health  at  any  period  of  life,  but  especially  in 
early  youth,  has  often  and  strongly  excited  the  commisera- 
tion of  philanthropic.!!  men,  and  many  schemes  have  been 
proposed  to  render  their  ascending  unnecessary,  and  thus 
abolish  a practice  so  offensive  to  humanity.  Of  these  plans, 
the  most  feasible  consists  in  the  use  of  brushes,  which 
are  drawn  up  and  down  by  men  at  the  top  and  others  at 
the  bottom,  or  are  pushed  up  from  the  bottom,  and  drawn 
down  by  persons  within  the  apartment.  The  former  method 
Is  inconvenient  and  expensive  ; the  Intter,  which  is  the  inven- 
tion of  Smart,  is  often  practised,  and  has  justly  received 
much  approbation.  The  rods  by  which  the  brush  is  pushed 
upwards,  arc  made  hollow  and  in  short  lengths,  and  are  con- 
nected together  by  a cord  passing  through  them.  As  soon  as 
the  lower  end  of  the  first  rod  is  pushed  about  the  height  of  the 
mantle,  arcthcr  rod  is  slipped  over  the  cord,  and  the  length- 
ening of  the  w hole  is  thus  continued,  till  the  brush  clears  the 
top  of  the  chimney,  where  it  spreads  itself  out.  and  is  prevent, 
cd  from  contracting  by  a spring ; so  that  the  soot  is  brought 
down  along  with  it.  But  as  long  as  the  piactice  is  continued,  of 
making  chimneys  square,  crooked,  and  rough,  it  is  to  be  feared 
that  no  sweeping  apparatus  can  be  contrived  which  will  be 
found  completely  successful.  Inventions  recommended  solely 
by  their  humanity,  are  often  so  slow  in  their  progress  towards 
general  adoption,  that  an  eminent  service  will  be  rendered  to 
society,  by  the  man  who  mnkes  the  convenience  and  interest 
of  individuals  conspire  with  their  benevolence,  lo  promote  the 
purpose  before  us. 


Amongst  the  various  improvements  of  modern  times,  per- 
haps few  have  been  more  really  beneficial  than  the  use  of 
metals,  for  purposes  to  which,  only  half  a century  back,  they 
were  hardly  thought  applicable.  It  is  perhaps  not  generally 
known  that  the  great  variety  of  articles  of  fittings  now  con- 
stantly kept  in  ironmongers’  shops,  in  the  remotest  villages, 
were  hardly  known  in  country  places  at  the  beginning  of  tho 
last  century  ; but  wherever  n house  was  built,  its  bolts  and 
latches  were  mostly  of  wood  ; its  windows,  if  sashes,  were  mas- 
sive, and  if  one  sash  ran,  the  sash-cord  ran  over  a wooden 
pulley;  and  many  other  minute  fittings  wero  cither  of  wood, 
or.  if  of  metal,  were  individually  made  by  the  adjacent  smith, 
who  produced  a clumsy  article  at  a great  waste  of  time  and 
labour.  Wo  now  sec  the  use  of  iron  and  brass  extensively 
superseding  timber  and  stone  in  the  most  advantageous  man- 
ner. At  Eatou  Hall,  the  magnificent  mansion  of  Lord  Grosvc- 
nor,  near  Chester,  the  tracery  of  the  windows,  many  shields,  a 
stair-case,  and  a variety  of  ornaments,  are  of  cast  iron.  A 
large  portion  of  tracery  pannelling.  for  a terrace  balustrade, 
arc  of  the  same  material,  and  being  painted  and  sanded,  have 
all  the  beauty  of  stone.  Hollow  Grecian  balnstradcs,  for  a 
public  building  in  Ireland. have  been  made  of  iron,  in  Liverpool. 
Two  patents  have  been  taken  out  for  roof  framings  of  iion,  one 
of  which,  at  least  that  of  J.Cragg,  Liverpool,  is  particularly 
remarkable  for  its  simplicity,  and  the  beanty  of  its  execution. 
This  gentleman  also  executes  stair-eases  of  iron,  in  so  accurate 
a manner,  that  they  may  be  put  up  at  any  place  in  a few  hours. 
Cast  iron  bridges  have  long  been  deservedly  celebrated,  and 
the  dearness  nf  wood,  and  the  supposed  inefficiency  of  the 
patent  stone  pipe,  have  caused  cast  iron  water-pipes  to  be  used 
in  London,  and  many  other  places.  Cast  iron  has  also  been 
advantageously  used  for  beams  and  their  supports  in  a large 
way,  the  Trustees  of  the  Duke  of  Bridgewater’s  canal  having 
used  it  for  beams  in  a new  warehouse  at  Liverpool,  of  more 
than  thirty  feet  clear  span  ; and  the  Carron  Company  have  used 
some  excellently  arranged  hollow  iron  stanchions  in  a new 
warehouse  at  Liverpool.  Rennie  employed  it  abundantly 
in  the  warehouse  of  the  London  docks;  and  its  use  in  aque- 
ducts and  bridges  is  now  proverbial. 

There  is  yet  another  purpose,  for  which  iron  seems  so  well 
adapted,  that  it  deserves  at  least  a fair  trial ; it  is  that  of  cast 
pipe  for  chimneys.  The  present  mode  of  building  chimneys  is 
not  only  extremely  unsafe,  but  also  takes  up  a great  deal  of 
room  ; and  from  their  being  square',  there  is  a great  difficulty  in 
cleaning  them  thoroughly,  except  by  climbing  boys,  or,  ns  is 
frequently  practised,  by  purposely  firing  them.  Smart's  appa- 
ratus docs  not  completely  answer,  because  the  corners  w hich 
contain  most  soot  do  not  get  swept  completely,  and  are  often 
not  touched.  Another  objection  to  ordinary  brick  square 
chimneys  is  their  smoking,  or,  in  other  words,  not  drawing  ; 
an  evil  not  considered,  by  those  who  suffer  from  it,  of  the 
most  trivial  magnitude.  All  these  inconveniences  might  he 
remedied  by  using  for  chimneys  cast  iron  pipes  thrcc-cightli* 
of  an  inch  thick,  and  when  once  the  utility  of  the  plan  became 
known,  the  article  would  become  as  common  in  iron  shops  ns 
fronts  of  grates.  The  present  openings  into  tho  room  arc  built 
far  too  large,  and  arc  now  generally  contracted  by  various  means 
when  the  grate  is  set,  but  while  the  present  arrangement  of 
brick  chimney*  for  climbing  boys  remains,  they  cannot  well 
be  much  altered  ; but  if  iron  pipe  wero  used,  an  iron  fire-place 
top  would  be  oast  for  the  pipe  to  fit  into,  and  would  of  course 
be  made  of  various  sizes  and  shapes  like  grate  fronts,  and  iron 
articles  in  general,  cast  by  the  Carron  Company  and  other 
foanderics. 

M ore  clearly  to  exemplify  the  advantage*  of  this  invention, 
it  will  be  proper  to  detail  the  arrangements  necessary.  Pre- 
judice will  at  first  perhaps  require  the  pipe  to  be  eight  inches 
in  diameter,  though  llieio  is  little  doubt  that  seven,  six,  or 
even  five  inches  diameter  would  be  amply  sufficient  for  the 
largest  Ore.  However  this  may  be,  it  should  be  cast  in  length -i 
of  from  threo  to  five  feet,  which,  at  three-eighths  of  an  inch 
thick,  would  render  the  pieces  of  a manageable  weight ; they 
should  he  carried  up  as  close  ns  possible  to  cnch  other,  and 
ns  four  inches  of  brick-work  is  more  than  enough  on  each 
side  of  them,  in  walls  of  two  bricks  thick,  they  would  cause 
no  projection  into  the  apartment.  The  interstices  between 
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the  bricks  nnd  pipe  should  be  filled  with  earth,  or,  what 
would  bo  still  better  rubbish  and  liquid  cement.  A bevel  , 
joint,  a,  in  the  figure,  might  be  made  to  the  pipe,  to  lit  so  ' 
closely  that  no  crevice  would  be  left  to  lodgu  soot,  when  ^ 
the  cement  surrounded  tho  exterior. 

If  one,  or  indeed  all  the  chinincys  in  a slack,  constructed 
npon  this  plan,  were  to  get  on  fire,  it  would  be  of  little  consc* 
miencc,  as  the  heat  could  never  be  so  great  as  to  act  through 
the  pipe  and  such  a solid  mass  as  tho  stack  would  be.  The 
soot  would  not  lodge  in  such  chimneys  as  in  the  common 
ones,  for  in  a round  chimney  the  draft  would  clear  more  smoke 
out  of  the  chimney  before  it  was  condensed;  nnd  when  they 
required  cleaning,  Smart’s  apparatus  would  sweep  them  com- 
pletely.—When  a house  with  ordinary  chimnejs  is  burnt,  the 
stack  usually  falls  down,  tearing  the  walls,  and  rendering  it 
necessary  to  rebuild  them;  but  if  a house  with  an  iron-pipo 
stack  was  burned,  it  would  not  only  in  all  probability  stand, 
but  act  as  a buttress  to  sustain  the  walls:  or,  in  case  it  fell, 
the  greater  part  of  tbc  pipe  would  remain  ns  tit  for  use  ns  at 
first.  ' Although  it  may  be  least  trouble  generally  to  leave  the 
breadth  of  half  a brick  round  the  pipe,  jet,  in  smuil  buildings, 
and  in  eases  where  room  is  wanted,  a iiat  brick  would,  there  is 
no  doubt,  be  quite  sufficient  for  all  purposes  of  safety.  In  nil 
eases,  too,  w here  iron  pipe  may  be  used,  the  labour  of  plaster- 
ing chimneys  will  be  saved,  which,  though  in  many  places 
omitted,  is  done  to  all  well-built  houses. 

Tbc  saving  of  room  w hich  would  be  produced  by  the  use  of 
iron-pipe,  in  a stack  of  four  eight-inch  chimneys,  will  be  im- 
mediately seen  by  the  inspection  of  hg.  1 ; and  tig.  *2  exempli- 
fies the  same  thing  with  respect  to  a stack  with  five  chimneys. 

Fig.  I. 

3/i.  Ora.  Aft.  10)  in. 


Prritt  n'p.  no  tlr  /,w  tmJ  Pnftttim  Saw  tAt  !?.*«•»,  uw  inriu, 
• Wft*.tftalmadmlmifA\uiumlL  am  mad  m AaiJ  i,ui  jmii. 


Aft,  Oil*. 


Fig.  2. 


Qft. 


Prajmtiiam  frmr  mad  a l mff  mrJrr.  Prajernm  aim  mad  a k*H  win, 

\f  cm  cad  c Mr  Atm*  Mil.  U cm  mad  a Mr  **“A  amJt. 


If  nine  inches  be  allowed  for  the  exterior  diameter  of  the  pipe, 
(and  such  an  allowance  will  be  enough  for  all  contingencies.) 
it  may  be  carried  up,  in  all  walls  exceeding  two  bricks  thick, 
without  any  projection  into  tho  apartments.  In  tho  corners  of 
a two  brick,  or  even  a one  and  a half  brick  wall,  there  is  suffi- 
cient room  to  carry  up  such  a chimney,  which  would  rather  in- 
crease than  diminish  the  strength  of  the  wall,  since  nearly  one- 
half  of  the  space  taken  up  by  chimneys  in  the  common  way  will  he 
saved,  under  circumstances  the  most  unfavourable  In  shewing 
the  advantages  of  the  new  plan  ; for  the  diameter  of  tho  pipes 
is  reckoned  at  the  largest  that  can  be  required  ; and  the  brick- 
work surrounding  tbc  square  chimneys,  at  the  lliiiiucst  it  can 
with  any  propriety  be  made. 

The  expense  of  round  work,  either  in  brick  or  stone,  is  pro- 
bably the  principal  reason  that  round  chimneys  arc  not  in 
general  use,  though  the  advantages  of  them,  particularly  in 
being  free  from  the  currents  or  oddics  of  air  occasioucd  by 
square  chimneys,  arc  not  unknown  to  intelligent  builders. 

Oval  flues  might  be  recommended  as  perhaps  superior  to  the 
circular  ones  ; for  there  pre  many  situations  in  which  they  might 
be  carried  up  advantageously  with  the  conjugate  diameter  of  the 
ellipse  running  parallel  with  the  gable  ofthc  house,  or  the  reverse. 

Iron  pipe,  it  is  well  known,  answers  perfectly  well  for  stoves, 
and  the  portable  furnaces  of  chemists,  although  the  area  of  it 
is  seldom  more  than  half  that  of  the  fire,  and  the  quantity  of 
air  required  to  maintain  the  vehement  heat  which  can  be  exci- 
ted at  pleasure,  occasions  a much  greater  draft  than  that  of 
ordinary  domestic  Arcs  of  twico  tbc  size.  Hence  the  above 


plan  only  proposes  to  extend  the  use  of  a kind  of  chimney,  the 
adequateness  of  which  is  nlrcacJy  proved. 

XIII.  Doort. — The  ancients,  according  to  Vitruvius,  fre- 
quently made  llnii  doors  rather  narrower  in  breadth  at  the  tap 
than  at  tbc  bottom.  These  tinpez-  idal  doors  were  probably 
adopted  from  their  having  the  property  of  closing  themselves, 
and  in  modern  times  they  arc  useful  besides  as  the  simplest 
mode  of  raising  the  door,  in  the  act  of  opening,  above  the  floor, 
in  order  to  keep  it  clear  of  the  carpet.  There  arc  examples  of 
I lie  in  in  the  llnnk  of  England;  but  they  arc  not  often  intro- 
duced by  architects. 

Moor*  are  varied  in  their  dimensions  according  to  the  height 
of  the  story  and  the  magnitude  of  the  building  in  which  they 
arc  placed.  In  private  houses,  they  can  rarely  with  propriety 
be  made  wider  titan  four  feet,  nnd  in  general  three  feet  will  be 
sufficient.  For  small  doors,  when  the  height  is  to  the  breadth 
in  the  ratio  of  seven  to  three,  the  proportion  may  be  con- 
sidered pond  ; but  tho  height  of  large  doors  need  not  he  more 
than  double  their  breadth.  The  entrance  doors  of  palaces  and 
the  mansions  of  noblemen,  where  much  company  resort,  are 
often  made  from  four  to  six  feet  wide;  and  those  of  public 
edifices  may  be  from  six  to  ten  feet  wide.  Iloors  much  ex- 
ceeding throe  feet  in  width,  should  have  folding  leaves.  In 
modern  houses,  it  is  not  uncommon  to  have  large  folding 
doors,  the  opening  of  which  serves,  instead  of  removing  a 
whole  partition,  to  throw  two  rooms  into  one.  In  such  cases, 
the  width  of  the  aperture  will  generally  he  of  less  height  than 
twice  its  breadth,  ns  all  the  doors  of  the  same  sloiy  nrc  com- 
monly of  the  same  height. 

When  the  principal  door  of  entrance  it  in  the  middle,  its 
romimmieation  with  every  part  of  the  building  is  not  only  the 
most  readilv  effected,  but  it  contributes  so  much  to  the  sym- 
metry of  the  front,  that  when  the  plan  renders  such  a position 
inadmissible,  a blank  door  is  frequently  substituted  for  a real 
one,  which  is  then  made  in  the  most  convenient  place.  Tho 
entrance  doors  of  stately  houses  are  frequently  adorned  with 
porticoes,  in  the  Diccian  or  Roman  taste  ; hut  the  most  com- 
mon mode  of  adorning  entrance  doors,  is  to  surround  them 
with  an  architrave,  surmounted  with  n cornice,  or  with  a frieze 
and  cornice  forming  a complete  entablature.  These  decora- 
tions ate  made  of  stone,  wherever  a suitable  kind  can  be  had 
at  a reasonable  price. 

XIV.  II  infers. — In  determining  tho  number  and  size  of 
windows,  regard  must  he  paid  to  the  destination,  local  posi- 
tion, and  elevation  of  the  building,  ns  well  as  to  the  cubature 
and  height  of  the  story  in  the  rooms  to  be  lighted,  and  the 
thickness  of  the  walls.  With  respect  to  private  houses,  though 
considerable  latitude  may  be  nllowcd  in  the  determination  of 
this  subject,  still  there  arc  limits  which  cannot  be  disregarded 
without  losing  the  beauty  of  proportion,  and  the  convenience 
of  a due  quantity  of  light.  In  general,  the  piers  should  not  be 
of  less  breadth  than  the  apertures,  nor  more  than  twice  such 
breadth.  The  windows,  in  nil  the  stories  of  the  same  aspect, 
should  he  of  the  same  breadth,  unless  a variation  he  required 
from  this  rule  for  the  convenience  of  particular  offices  in  the 
lowest  story.  The  laws  of  symmetry  and  strength  alike  re- 
quire them  to  l>c  exactly  one  above  another;  Ibis  practice,  so 
strangely  neglected  by  our  ancestors,  is  now,  indeed,  duly 
attended  to.  The  apri lures  of  windows  should  widen  inwards 
on  each  side,  by  which  means  the  quantity  of  light  admitted 
will  be  nearly  as  much  as  if  they  were  externally  of  the  same 
size  as  the  increased  internal  dimensions. 

To  determine  the  aggregate  area  of  the  windows  proper  to 
be  made  in  an  apartment,  extract  the  squaro  root  of  the  cuba- 
ture of  such  apartment,  and  the  quotient  will  be  the  answer. 
For  example,  suppose  the  room  to  be  forty  feet  long,  thirty 
feet  broad,  and  sixteen  feet  high,  then  40  x 30  X 10  = 19200, 
which  product  is,  in  feet,  the  cubature  sought,  nnd  the  square 
root  of  it,  neglecting  a small  remainder,  is  one  hundred  and 
thirty-eight  feet  for  the  aggregate  area  of  the  apertures.  One 
hundred  and  thirty-eight  feet  will  make  four  windows  of  a 
handsome  size  and  shape,  ariapied  to  the  apartment  in  ques- 
tion ; and  if  divided  accordingly  into  four  par  ts,  thirty- four  feet 
and  a half  will  be  the  area  of  one  of  them.  The  area  thus  ob- 
tained, when  set  out  for  a ground  floor,  according  to  the  cus- 
tomary rule,  which  allows  rather  more  than  two  squares  in 


H O U 


DICTIONARY  Ot  MECHANICAL  SCIENCE. 


II  U U 


481 

height,  each  window  may  lie  about  eight  Teel  eight  inches  high,  began  lo  bo  in  tenoral  request,  and  that  was  considered  the 
by  four  feet  broad.  Hy  the  same  rule,  the  dimension*  of  the  standard  form,  the  vortical  section  of  which  was  an  equilateral 
apertures  of  windows  for  rooms  of  any  other  cubuturc  may  be  triangle.  No  part  of  the  art  of  building  has  been  more  sub- 
determined.  ject  to  caprice,  than  the  height  of  the  inclination,  or,  as  it  is 

The  sills  of  windows  have  been  mostly  made  from  three  usually  expressed,  the  pitch  of  roofs.  In  the  present  day,  a 
feet  to  three  feet  six  inches  distant  from  the  let  cl  of  tho  floor,  great  variety  of  pitch  is  employed,  but  the  equilateral  one  is 
as  at  that  height  they  formed  a convenient  parapet  to  lean  seldom  seen.  In  ordinary  dwellings,  the  pitch  of  the  roof  is 
upon  ; hut  the  French  fashion  having  been  introduced,  of  hav-  from  one-third  to  one-fourth  part  of  the  span  ; but  mansions 
ing  the  windows,  at  least  in  the  principal  drawing-rooms,  down  and  public  edifices  arc  still  executed  in  every  diversity  of  sty  lo 
to  the  floor,  window-sills  are  now,  partly  in  imitation  of  it,  that  fancy  or  particular  views  can  dictate, 
made  lower  than  formerly,  and  in  ordinary  dwellings  are  fre-  High-pitched  roofs  discharge  rain  and  snow  more  quickly 
quently  not  higher  than  two  feet,  and  in  the  extreme  not  more  than  others ; they  arc  also  not  so  easily  stripped  by  the  wind  ; 
than  two  feet  six  inches.  the  rain  is  not  so  easily  blow  n between  the  slates,  and  from 

It  will  be  proper  to  remind  those  who  arc  partial  to  spacious  their  approach  towards  perpendicularity  of  pressure,  they  are 
and  numerous  windows,  and  who  are  not  disposed  to  modify  not  so  great  a burden  to  the  walls.  They  are,  however,  more 
their  choice  hy  motives  of  economy,  that  as  the  aggregate  area  expensive  than  low  roofs,  as  they  require  longer  and  stronger 
of  the  windows  is  enlarged,  it  becomes  increasingly  difficult  in  timbers;  and  from  their  greater  surface,  they  require  a larger 
winter  to  keep  apartments  warm,  the  heat  produced  in  them  quantity  of  the  covering  material  ; hut  though  low  roofs  have 
being  so  very  speedily  communicated  through  the  glass  to  the  the  advantago  in  point  of  cheapness,  they  require  large  slates, 
atmosphere  without.  It  is  for  this  reason,  that  in  Russia  they  and  great  cure  of  execution. 

often  make  their  windows  double,  and  ns  air  is  a bad  conduc-  The  roof  is  one  of  the  principal  ties  of  a building,  when  skil- 
tor  of  heat,  the  stratum  of  it  interposed  between  the  two  win--  fully  executed,  in  connecting  the  exterior  walls.  Some  idea  may 
dows  in  the  same  frame,  tends  very  materially  to  prevent  the  be  formed  of  the  success  with  which  scientific  knowledge  and 
temperature  of  the  room  from  being  carried  oil'.  The  cold  sea-  experience  may  be  employed  in  the  construction  of  roofs,  when 
son  is  not  so  severe,  or  of  such  long  continuance,  as  to  have  it  is  observed,  that  roofs  have  been  constructed  sjxtv  feel  wide, 
occasioned  the  introduction  of  this  practice  for  front  windows  although  they  have  not  contained  a single  piece  of  Umber  more 
into  the  United  Kingdom,  but  it  might  be  advantageously  than  ten  feet  long  and  four  inches  square, 

acted  upon  with  respect  to  the  skylights  employed  to  light  In  determining  the  pitch  of  rafters,  when  mere  fancy  is  not  lo 

staircases,  as  such  windows,  when  only  single,  contribute  be  our  guide,  the  nature  of  the  intended  covering  should  be 
greatly  to  the  speedy  dissipation  of  the  warm  air  which  ascends  taken  into  consideration,  and  the  inclination  proportioned 
to  the  top  of  the  house.  accordingly.  The  following  rules  may  be  observed  with 

The  number  of  windows  on  each  side  of  the  entrance  door  prorpicty 
should  be  equal,  and  an  odd  number  of  windows  in  au  apart-  --Z*\  I'  or  /-*«</. — Divide  the  width  first 

meat,  when  they  arc  all  on  one  side  of  it,  is  better  than  an  into  two  parts,  as  in  the  annexed  figure, 

even  number,  as  it  avoids  the  necessity  of  having  a pier  oppo-  and  one  fh«*°Part*  ’ul°  four.  1,2, 

site  the  middle  of  the  floor.  **•  4 ; with  two  of  these  parts  describe 

The  windows  of  the  principal  floor  are  generally  the  most  1 l •'  a quarter  circle,  2,  which  gives  a proprr 

enriched.  The  simplest  mode  of  adorning  them  is,  lo  surround  4 3 2 1 pitch  or  slope  to  be  covered  with  lead, 

them  with  an  architrave,  which  sometimes  has,  and  sometimes  and  is  called  a pediment  pitch, 

is  left  without,  n frieze  and  cornice;  frequently  the  whole  of  For  Pantiles. — Divide  the  width  as  before  into  two  parts,  and 
the  windows  arc  left  plain,  except  the  central  one  of  the  second  one  of  these  two  parts  into  four,  as  I,  *2, 3,  4;  with  three  parts, 
story.  When  the  windows  of  the  principal  story  havo  pedi-  describe  a quarter  circle,  fl,  which  gives  a proper  pitch  for  use. 
incuts,  those  of  the  story  immediately  above  should  have  archi-  For  Plain  'riles. — Divide  the  width  into  two  parts  ; with  one 
trnvcs  surmounted  by  a frieze  and  cornice,  and  those  of  a next  of  them  make  a quarter  circle,  which  gives  a pitch  or  slope 
higher  story,  on  architrave  only.  The  sills  of  all  the  windows  proper  for  the  roof.  The  lighter  the  covering  material,  the 
In  the  same  floor  should  be  on  the  same  level.  lower  the  roof  may  be,  and  therefore  the  pitch  for  slates  may 

XV.  Stairs.  See  Handrails. — To  unite  the  requisites  which  be  the  same  as  that  for  the  eovciing  which  the  particular 
a good  staircase  requires,  namely,  convenience  in  situation  quality  used  most  nearly  approaches  to  in  weight. 

and  form,  with  a sufficiency  of  light,  affords  one  of  the  strongest  Tiles,  though  extensively  used  in  many  parts  of  the  country, 
proofs  of  an  architect's  skill.  In  stately  mansions,  the  steps  constitute  n very  heavy  covering  for  houses,  and,  what  is  still 
should  not  be  less  than  four,  nor  more  than  six  inches  high ; worse,  they  injure  the  timber  upon  which  they  aro  laid,  and 
nor  more  than  eighteen  or  less  than  twelve  inches  broad  ; and  lend  to  make  a house  damp,  from  the  facility  with  which  they 
the  width  should  not  be  less  than  six  or  exceed  fifteen  feet.  In  are  penetrated  with  moisture.  The  following  experiment,  by 
ordinary  houses,  the  steps  are  generally  made  higher,  and  are  the  bishop  of  Llandaff,  decisively  proves  their  great  porosity, 
almost  necessarily  narrower,  both  in  width  and  length;  but,  and  their  inferiority  to  slate.  The  Bishop  observes,  that  sort 
w hile  any  thing  like  handsomeness  of  appearance  and  convcni-  of  slate,  other  circumstances  being  the  same,  is  esteemed  the 
encc  of  ascent  are  studied,  they  should  not  exceed  seven  inches  best,  which  imbibes  the  least  water ; for  the  imbibed  water  not 
in  height,  nor  be  less  than  ten  inches  broad,  and  three  feel  only  increases  the  weight  of  the  covering,  but  in  frosty  weather, 
long.  Stairs  are  ascended  with  more  ease  when  laid  somewhat  bring  converted  into  ice,  it  swells  and  shivers  the  slate.  This 
sloping,  or  a little  higher  at  the  hark.  The  ancients  were  par-  effect  of  frost  is  very  sensible  in  tiled  houses,  but  is  scarcely 
tial  to  an  odd  number  of  steps  ; one  consequence  of  which  felt  in  those  which  aro  slated  ; for  good  slate  imbibes  hut  little 
choice  was,  that  the  same  foot  which  wax  placed  on  the  first  water ; and  when  tiles  arc  well  glazed,  they  are  rendered  in  some 
step  was  first  placed  at  the  top  on  the  landing.  measure,  with  respect  to  this  point,  similar  to  slate.  He  took 

XVI.  — Architects  include,  under  tne  term  roof,  not  a piece  of  Westmoreland  slate,  and  a piece  of  common  tile,  and 

only  tho  exterior  covering  of  a house,  bat  nil  the  beams  and  weighed  each  of  them  carefully  ; the  surface  of  each  was  about 
other  parts  necessary  to  support  that  covering.  thirty  square  inches.  Both  the  pieces  were  immersed  in  water 

Among  the  ancients,  in  those  countries  where  it  seldom  for  about  ten  minutes,  and  then  taken  out  and  weighed  as  soon 
rained,  roofs  were  made  quite  flat ; hut  the  Greeks,  perceiving  as  they  had  ceased  to  drip.  The  tile  had  imbibed  above  a 

the  inconvenience  of  this  form,  deviated  from  it  a little,  by  seventh  part  of  its  weight  of  water;  and  the  slate  had  not  im- 

inclining  their  roofs,  as  appears  from  several  ancient  remains,  bibed  above  a two-hundredth  part  of  its  weight;  indeed,  the 

about  onc-eighth  or  onc-ninth  part  of  the  span.  The  Romaic,  wetting  of  the  slate  was  merely  superficial  He  placed  both 

who  had  rather  more  occasion  than  the  Greeks  lo  provide  for  the  wet  pieces  before  the  fire;  in  a quarter  of  an  hour  the  slate 
the  speedy  discharge  of  rain  from  their  houses,  made  the  was  become  quite  dry,  and  of  tho  same  weight  it  had  before  it 
height  of  the  inclination  of  their  roofs  from  one-fifth  to  two-  was  put  into  the  water ; hut  the  tile  had  lost  only  about  twelve 
ninths  of  the  span.  Among  the  northern  nations  of  Europe,  grains  of  the  water  it  had  imbibed,  which  was,  as  nearly  a*  could 
after  tho  deelinc  of  the  Roman  empire,  high-pitched  roofs  be  expected,  the  very  same  quantity  that  had  been  sprciul  over 
50.  ! ii  c 
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its  surface ; for  it  was  the  quantity  which  had  been  imbibed  by 
the  slate,  the  surface  of  which  was  equal  to  that  of  the  tile.  The 
tile  was  left  to  dry  in  a room  heated  to  sixty  decrees,  and  it 
did  not  lose  all  the  water  it  had  imbibed  in  less  than  six  days. 
If,  then,  tiles  imbibe  a seventh  part  of  their  weight  of  water  in 
ten  minutes,  and  cannot  be  deprived  of  this  water  without  a 
degree  of  heat  equal  to  sixty  degrees  continued  for  six  days,  it 
must  be  obvious  that  a roof  covered  with  them,  can,  in  this 
country,  seldom  be  dry.  The  timbers  also  of  the  roof  must  be 
calculated  to  support  their  weight  in  their  wet  state. 

The  finest  sort  of  blue  slate,  whioh  is  obtained  in  the  neigh- 
bourhood of  Kendal,  is  sold  there  for  3s.  6d.  per  load,  which 
comes  to  £l.  15*.  per  ton,  the  load  weighing  two  hundred 
weight.  The  coarsest  sort  may  he  had  for  2s.  Id.  per  load,  or 
£1.  9s,  4d.  per  ton.  Thirteen  loads  of  the  finest  sort  will  cover 
forty-two  square  yards  of  roof,  and  eighteen  loads  of  tho 
coarsest  sort  will  cover  the  same  extent.  lienee  there  is  half 
a ton  less  weight  upon  forty-two  square  ynrds  of  roof  when  the 
finest  slate  is  used,  than  when  it  is  covered  with  the  coarsest 
kind,  and  the  difference  in  the  expense  of  the  material  is  only 
3s.  Gd.  ; yet  as  fine  slate  owes  its  lightness,  not  so  much  to  a 
difference  in  the  quality  of  the  stone  from  which  it  is  split,  as 
to  the  thinness  to  which  it  is  reduced,  it  is  inferior  to  the 
heavier  kind  in  point  of  durability. 

Tho  following  statement  shews  the  average  weight  of  the 
covering  laid  upon  forty-two  square  yards  of  building,  accord- 
ing to  the  material  employed  — 

Copper ..........  -4  cm2.  Coarso  slate  ....  30  cu  t. 

Fine  slate  20  Tiles  6-ft 

Lend 27  I 

Such  are  the  advantages  of  slate  as  a covering,  that  wherever 
It  can  be  procured  without  much  land  carriage,  it  obtains  the 
preference  of  all  other  materials.  Its  durability  is  so  great, 
that  it  has  been  known  to  continue  sound  and  good  tor  cen- 
turies; but  all  kinds  of  it  are  not  equally  excellent  in  this 
respect.  Its  most  usual  colours  are  white,  brown,  and  blue, 
and  the  colour  Rffords  some  index  to  the  quality  of  the  slate. 
The  light  blue  sort  is  always  the  least  penetrable  to  water, 
which  tho  deep  black  blue  is  apt  to  imbibe  rather  freely. 
.Several  mothods  may  be  practised  to  ascertain  tho  goodness  of 
slate,  when  not  brought  fiom  a quarry  of  well-known  character. 
Tf  a slate,  w hen  struck  sharply  against  a large  stone,  produce  a 
complete  sound,  it  is  a mack  of  goodness ; and  if  it  does  not 
shatter  before  the  edge  of  tho  zax,  or  instrument  used  for  hew- 
ing it.  the  criterion  is  decisive.  Another  method  is,  to  place 
the  slate  lengthwise  and  perpendicularly  in  u tub  of  water, 
about  half  a foot  deep,  care  being  taken  that  the  unimmersed 
part  of  the  slate  bo  not  in  any  way  accidentally  wetted.  Let 
it  remain  in  this  state  twenty-four  hours:  at  the  end  of  that 
time,  if  the  slate  be  good,  it  will  not  have  drawn  walrr  more 
than  half  an  inch  above  the  surface  of  that  fluid,  and  that  per- 
haps at  the  edges  only,  where  the  texture  has  been  a little 
loosened  in  the  hewing;  hut  a spongy  defective  stone  will 
draw  water  to  the  very  lop.  Another  mode  of  trial,  on  the 
result  of  which  full  reliance  may  be  placed,  is  to  weigh  two  or 
three  of  the  most  suspected  slates,  and  note  their  precise 
weight:  then  immerse  them  entirely  in  water  for  twelve  hours; 
take  them  out,  wipe  them  as  clcun  as  possible  with  a linen 
cloth,  and  if  their  weight  dillcrs  not,  or  diU'ers  but  very  little 
from  v.bnt  it  was  at  first,  they  may  he  considered  good;  a 
drachoi  in  a dozen  pounds  is  allowable,  hut  not  more.  The 
principal  reason  of  the  inferiority  of  tho  slates  which  imbibe 
much  moisture,  being  that  they  arc  shivered  by  frost;  when 
none  but  a porous  kind  ran  he  easily  obtained,  they  might 
doubtless  be  improved  by  the  application  of  tar.  us  already 
mentioned  for  tiles,  when  treating  of  live  manufacture  of  the 
latter  article. 

Among  tho  artificial  methods  that  have  been  invented  for 
covering  houses,  a composition  called  tessera  was  a few  years 
since  in  high  repute.  It  consisted  of  tar,  calcareous  stone 
reduced  to  dust,  and  a little  powder  of  burnt  bones.  These 
ingicdictits,  duly  niixrd,  were  spread  into  sheets  made  equally 
thick,  about  four  feet  long  and  two  feet  wide,  by  passing  under 
rollers  ; and  when  laid  on  the  buarding  of  the  roof,  which  might 
be  either  fiat  or  angular,  the  sheets  were  cemented  by  a solder 
of  the  same  materials. 


When  this  composition  first  gained  public  attention,  it 
was  thought  to  be  of  incalculable  value.  It  was  said  to  be 
lighter  than  lead,  to  be  considerably  cheaper,  to  equal  it  in 
point  of  durability,  and  though  apparently  combustible,  to  be 
capable  of  resisting  the  effccLs  of  heat  about  twice  as  long  us 
lead. 

To  secure  the  advantages  of  this  important  discovery,  u 
patent  was  taken  ool  by  the  inventor,  December  22d,  1800, 
and  agents  were  appointed  throughout  various  parts  of  tho 
kingdom.  The  confidence  of  builders  was  soon  gained,  aud 
many  houses  were  covered  with  this  promising  compound. 

Experiment,  however,  which  is  the  best  test  of  ex  -cllince, 
soon  detected  the  fallacy  of  theory,  and  those  who  had  pur- 
chased tessera  speedily  found  that  they  had  laid  out  their 
money  in  buying  a stock  of  repentance.  It  was  shortly  per- 
ceived. that  it  could  not  withstand  the  corroding  influence  of 
the  seasons,  that  it  would  alternately  swell  and  crack  accord- 
ing to  the  temperature  of  the  weather,  and  thus  readily  admit 
the  min,  which  it  was  expected  to  exclude.  Having  thus  lost 
its  character,  it  soon  fell  into  disuse.  Many  hous.es  that  had 
bceu  covered  with  it,  were  forced  to  be  stripped, anil  to  rece  ive 
.the  ohl  but  partially  discarded  materials;  and  tessera  having 
lived  Us  tiny,  is  now-  known  only  in  name. 

XVII.  /Voors.— Flooring  boards  are  mostly  made  offir.  The 
first  class  are  .selected  free  from  knots,  shakes,  sap-wood,  or 
cross-grained  stuff;  the  second  class  consists  of  boards  also 
free  from  shakes  and  sap-wood,  hut  not  from  small  sound 
knots ; the  third  class  contains  the  residue  of  any  parcel,  or 
such  boards  ns  cannot  be  included  in  either  of  the  preceding 
classes.  When  an  agreement  is  entered  into  for  the  erection 
of  a building,  the  quality  of  the  hoards  should  be  specified,  to 
prevent  subsequent  disputes.  As  all  boards  .shrink  in  the 
course  of  time,  and  as  the  quantity  of  their  contraction  increases 
with  their  dimensions,  fioors  which  arc  laid  with  very  broad 
boards  soon  exhibit,  at  the  joints,  wide  fissures  that  have  an 
unpleasant  appearance.  It  is  therefore  the  practice  in  good 
houses,  not  only  to  select  the  best  part  of  tho  wood,  but  to  cut 
the  hoards  into  narrow  scantlings ; so  that,  if  properly  sea- 
soned, and  laid  dose  at  first,  their  shrinking  afterwards  is  so 
small  us  to  make  no  openings  of  consequence.  Hoards  about  five 
inches  broad  may  be  reckoned  narrow,  hut  when  they  measure 
nino  inclics  or  more  in  the  same  direction,  they  must  be  con- 
sidered broad. 

The  manner  of  jointing  flooring  boards,  and  fastening  them 
down  upon  the  joists,  is  performed  in  a variety  of  ways,  the 
most  usual  of  which  is,  to  plane  the  edges  of  the  board  quite 
square,  that  is,  at  right  angles  to  the  upper  and  under  surface, 
and  then,  placing  them  as  closely  to  each  other  ns  possible, 
to  nail  them  down  from  the  upper  surface.  Sometimes,  par- 
ticularly when  the  wood  is  knowu  to  be  insufficiently  sea- 
soned, after  the  first  board  has  been  fastened  down,  the 
fourth  board  is  secured  in  like  manner,  the  two  intermediate 
hoards  arc  then  made  somewhat  wider  than  the  space  to 
receive  them,  and  forced  into  their  places  by  jumping  upon  them. 
To  do  this  with  the  most  ease  and  advantage,  the  iutcimcdiatu 
hoards  are  laid  aslant,  so  as  to  he  highest  in  the  middle,  and 
those  edges  which  are  placed  together  being  sloped  a little, 
so  as  to  form  rather  less  than  a right  angle  with  their  respec- 
tive upper  surfaces,  they  are,  by  an  adequate  weight,  at  once 
compressed  and  levelled.  The  fourth  board  of  the  last  sciies 
becomes  the  first  of  the  next,  and  the  operation,  which  is 
called  folding  the  boards,  is  repeated  till  tho  floor  is  finished. 
The  nails  are  driven  in  n little  below  the  surface  of  these 
boards,  and  the  cavity  is  filled  with  glazier's  putty,  liut  in 
rooms  not  intended  to  be  carpeted,  and  yet  where  a neat  end 
clean  appearance  is  indispensable,  the  use  of  putty  must  be 
avoided,  end  the  nails  must  not  be  driven  in  from  the  top. 
This  object  is  obtained  by  dowi-lling  the  joints,  that  is,  driving 
wooden  pins  into  them  in  the  middle  of  their  thickness,  and 
parallel  1o  the  suifacc,  in  the  same  manner  as  the  coopers  joint 
the  boards  forming  the  ends  of  their  casks.  In  this  ease,  one 
half  of  each  pin  entering  the  edges  placed  together,  the  hoards, 
if  the  dowels  he  sufficiently  numerous  and  properly  placed, 
cannot  rise  or  sink  but  in  conjunction.  The  best  place  for  tho 
dowels  is  in  the  middle  of  the  space  between  the  joists.  In  the 
best  dowellcd  work,  the  nails  arc  concealed  when  the  floor  is 
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finished,  for  they  are  driven  in  slantwise  through  the  outer  I 
edge  only  or  each  hoard.  Sometimes  the  joiuta  of  flooring 
hoards  aro  rabbeted,  that  they  may  lap  over  each  other  a little 
nay,  and  sometimes  toothed  into  each  other,  nr,  as  it  is  tech- 
nically expressed,  ploughed  and  tongued.  When  either  of 
these  methods  is  adopted,  the  boards  arc  not  separated  on  their 
contraction  so  as  to  leave  an  aperture  between  each  pair, 
through  which  any  thing  cun  drop;  hut  such  floors  arc  more 
costly  than  others,  not  only  on  account  of  the  extra  labour, 
but  the  greater  quantity  of  wood  which  they  require. 

It  is  always  -desirable  to  cover  a floor  with  boards  in  one 
length ; but  when  it  cannot  be  done,  the  ends  of  the  two  boards 
dtouhl  invariably  be  upon  a joist,  and  two  of  them  should 
never  be  together  in  the  same  line. 

Yellow  deal,  well  seasoned, is  one  of  the  beat  woods  that 
can  be  selected  for  floors  : tire  while  sort,  by  frequent  wash- 
ing, becomes  blackish  and  disagreeable  in  its  appearance. 

In  the  habitations  of  the  labouring  classes  of  society,  the 
ground  floors  aro  often  made  of  a kind  of  mortar.  The  best 
materials  for  this  purpose  arc  two-thirds  of  lime,  one  of  coal- 
ushes,  and  a small  portion  of  clay.  These  ingredients  are  to  bo 
well  tempered  with  water,  left  to  subside  for  a week  or  ten 
days,  ami  then  well  worked  up  again.  This  operation  should 
l»e  repeated  in  the  course  of  three  or  four  days,  till  the  mixture 
becomes  smooth  and  glutinous,  w hen  it  is  fit  tor  use.  It  is  to  be 
laid  on  to  the  depth  of  two  and  a half  or  three  inches,  and 
carefully  smoothed  with  a trowel.  The  hottest  season  of  the 
year  is  the  most  proper  for  applying  this  composition,  which, 
when  completely  dried,  will  make  a most  durable  floor. 

XVI II.  Proportion!  of  Timbers.  ffc.— In  the  treatise  entitled 
the  “ British  Carpenter/*  already  referred  to,  arc  given  the 
following  Tables  to  shew  the  proportions  of  limbers  for  small 
and  Urge  buildings. 


Proportions  of  Timbers  for  Small  Building  i. 


Be  or  mg  Pi 
Height 
if  8 feet 
10 
12 

ists  of  Fir.  \ 

Scantling 

4 inc.  square 

5 
0 

Bearing  Pi 
Height 
if  10  feet 

12 

14 

its  of  Oak  j 

Scantling 
6 inc-  square 
8 
10 

Birders 
Bearing 
if  10  feet 
20 

21 

of  Fir. 

Scantling 
8 in.  by  11 
10  12j 

12  14 

Birders 
Bearing 
if  10  feet 
20 
24 

of  Oak. 

Scantling 
10  inc.  by  13 
12  14 

14  15 

Joists 
Bearing 
if  6 feet 
9 
12 

of  Fir . 

SeAntling 
5 inc.  by  2) 
«)  21 

8 2f 

Joists  A 
Bearing 
if  6 feel 
9 
12 

f Oak. 

Scantling 
5 inc.  by  3 
7*  3 

10  3 

Bridging 
Bearing 
if  6 feet 
8 
10 

« of  Fir. 
Scantling 

4 inc.  by  2) 

5 2i 

6 3 

Bridging 
Bearing 
if  6 feet 
8 
10 

t of  Oak. 
Scantling 
4 inc.  by  3 
5)  3 

7 3 

Small  Ihj 
Bearing 
if  8 feet 
10 
12 

ers  of  Fir. 
Scantling 
3)  inc.  by  2) 
43  2 

6|  ai 

Small  Raj 
Bearing 
if  8 feel 
10 
12 

ers  of  Oak . 
Scantling 
4)  inc.  by  3 
5*  a 

6)  3 

Beams  of  J 
Length 
if  30  feet 
45 
60 

’ir,  or  Ties. 
Scantling 
0 inc.  by  7 
9 81 

12  11 

Beam s of  O 
Length 
if  30  feet 
45 
00 

ak,  or  Ties. 
Scantling 
7 inn  by  8 
10  1111 

13  15 

Principal  Rafters  of  Fir. 
Scantling 

Length  Top  1 Bottom 
if  21  feel  5 ins.  St G|  6 ins.  Si  7 
36  0)  H 6 10 

48  8 10  )0  12 

Principal  Rafters  of  Oak.  i 
Scantling 

Length  Top  1 Bottom  [ 

jif 24 feet.  7 ins. & 8.  Bins.&O  ; 
! 30  8 9 9 10) 

j 48  9 to!  10  12  i 

Proportions  of  Timbers  for  Large  Buildings. 


Bearing  P 

Height 
if  8 feet 
12 
16 

nts  of  Fir. 
Scantling 
5 inc.  square 
8 
10 

Bearing  Pc 
Height 
if  8 feet 
12 
16 

sts  of  Oak. 
Scantling 
8 inc.  square 
12 
16 

Birders 
Bearing 
if  16  feet 
20 

21 

of  Fir. 
Scantling 
9)  inc.  by  13 
12  14 

13)  15 

Birders 
Bearing 
if  16  feet 
20 
24 

of  Oak. 

Scantling 
12  inc.  by  14 
15  15 

18  16 

Joists 
Bearing 
if  6 feet 
9 
12 

fFir. 

Scantling 
5 inc.  by  3 
7)  3 

10  3 

Joists 
Bearing 
if  6 feet 
t> 

12 

fOak. 

Scantling 
6 inc,  by  3 
9 3 

12  3 

Bridgings  of  Fir. 
Bearing  ] Scantling 

if  6 feet  1 4 inc.  by  3 

8 I 51  3 

10  | 7 3 

Bridgings  of  Oak , 
Ucaring  1 Scantling 

if  0 feet  5 inc.  by  3) 

8 6)  3} 

10  l 8 3) 

Small  Raj 
Bearing 
if  8 feet 
10 

12 

lert  of  Fir. 
Scantling 

4)  inc.  by  3 

5)  3 

6)  3 

Small  Raft 
Bearing 
if  8 feet 
10 
12 

trs  of  Oak. 
Scantling 
5)  inc.  by  3 
7 3 

9 3 

Beams  tf  . 
Length 
if  30  feet 
•15 
CO 

•’ir,  or  Ties. 
Scantling 
7 inc.  by  8 

10  11) 

13  15 

Beams  of  Oak,  or  Ties. 
Length  1 Scantling 

if  30  feet  | 8 inc.  by  9 

45  j 11  12 

60  14  10 

Principal  Rafters  of  Fir. 

Scantling 

Length  | Top  1 Bottom 
if  24  feet  [7  ins.  & 9 8 ins.  & 9 
36  8 9 0 10) 

48  [9  10  10  12 

Principal  Rafters  of  Oak. 
Scantling 

Length  [ Top  I Bottom 
if  24  feet! 8 ins. & 9:  9 ins.  8c  10 
36  9 10'  10  12 

•is  ; to  ia[is  u 

The  author  of  the  preceding  tables  observes,  that  though 
they  seem  so  plain  as  not  to  require  explanation,  jet  a few  re- 
marks might  be  subjoined  with  propriety . All  binding  or  strong 
joists,  he  then  adds,  ought  to  be  half  as  thick  again  us  common 
joists ; that  is,  if  a common  joist  bo  given  three  inches  thick, 
a binding  joist  should  bo  four  inches  and  a half  thick,  although 
of  the  same  depth. 

If  it  be  not  convenient  to  allow  the  posts  in  partitions  to  be 
square,  which  is  the  best  form,  in  such  eases,  multiply  the 
square  of  the  side  of  the  posts,  as  here  given,  by  itself:  for  in 
stance,  if  it  be  six  inches  square,  then  as  six  limes  six  is  thirty- 
six,  to  keep  this  post  nearly  to  the  same  strength,  find  two 
number*  producing  tho  same  amount ; as  suppose  the  partition 
to  be  four  inches  thick,  then  let  the  post  be  nine  inches  the 
other  way,  so  that  nine  times  four  being  thirty-six,  the  area  of 
its  horizontal  section  is  the  same,  and  its  strength  nearly  equal 
to  the  square  post. 

Posts  that  go  to  the  height  of  two  or  three  stories,  need  not 
hold  the  proportions  given  in  the  tabic,  because  at  every  floor 
they  meet  with  a tic.  Admit  a post  to  bo  thirty  feet  high,  ami 
that  ill  this  height  there  are  three  stories,  two  of  ten  feet  and 
one  of  eight  feet : look  for  posts  of  fir  ten  feet  high,  their  scant- 
ling is  live  inches  square,  that  is,  twenty -live  square  inches, 
which  double  for  the  two  stories;  and  also  take  that  of  cigh: 
feet  high,  being  four  inches,  that  is,  sixteen  inches  square, 
all  which  being  added  together,  make  sixty-six  indies  ; so  that 
snch  a post  would  be  rather  more  than  eight  inches  square. 
On  occasion  it  may  be  lessened  in  each  story  ns  it  rises. 

All  beams,  ties,  and  principal  rafters,  ought  to  be  nut  or  forced 
in  framing  to  a camber,  or  roundness,  on  the  upper  side,  and 
the  convexity  may  be  about  one  inch  in  eighteen  or  twenty  feci. 
The  reason  is,  ttmt  all  timber,  partly  from  its  own  weight,  but 
principally  from  the  weight  of  the  covering  or  other  burden  it 
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lias  to  bear,  will  swag;  and  unless  prepared  in  this  manner, 
that  it  may  never  become  concave,  a degree  of  unsightliness, 
and  often  of  inconvenience,  will  be  produced. 

The  joists  in  Poors,  the  purlines,  (or  timbers  into  which  the 
small  rafters  are  tenoned  in  roofs,)  &<:.  should  not  exceed  twelve 
feet  in  the  length  of  their  bearing,  or  from  support  to  support. 
The  strong  joists  of  doors  should  not  be  at  a greater  distance 
than  live  feel,  nor  common  joists  more  than  teu  or  twelve 
inches  apart. 

According  to  the  experiments  of  Muschenbrock,  fir  is  able 
to  bear  compression  in  the  direction  of  the  length  of  its  fibres, 
or  to  sustain  as  a post,  a much  greater  weight  than  oak,  but  is 
far  inferior  to  oak  when  the  weight  is  suspended.  In  the  pre- 
ceding tables,  therefore,  the  scantlings  of  fir  bearing  posts 
and  principal  rafters  are  properly  made  lea*  than  those  of  oak  ; 
but  for  other  timbers,  particularly  for  ties,  many  are  of  opinion 
that  the  proportions  of  the  author’s  tables  should  be  reversed, 
and  the  scantling  which  he  has  assigned  to  fir  should  be  given 
to  oak. 

XIX.  Bimi  dikg  Act, — All  the  buildings  erected  in  London 
nnd  the  several  parishes  within  the  bills  of  mortality,  arc  sub- 
jected to  the  regulations  of  an  act  of  parliament,  of  the  14 
Geo.  III.  the  main  object  of  which  is  to  lessen  the  danger  to  be 
apprehended  from  fire.  As  many  of  the  provisions  of  this  act 
are  of  great  importance,  and  deserve  to  be  universally  known 
and  acted  upon,  we  shall  conclude  the  subject  of  Building  by 
an  abstract  of  them.  Those  which  relate  to  the  Carpenter  arc 
the  following : 

Timber  partitions  between  building  and  building,  erected  or 
erecting  before  the  passing  of  the  act,  may  remain  till  one  of 
the  adjoining  houses  is  rebuilt,  or  till  one  of  the  fronts,  or  two- 
thirds  of  the  fronts  which  abut  on  such  limber  partition,  is 
taken  down  to  the  brcssuiumer,  or  one  pair  of  stairs  floor,  and 
rebuilt. 

Three  months’  notice  of  the  pulling  down  of  snch  wooden 
partition,  when  decayed  or  oT  insufficient  thickness,  to  be 
given  by  the  proprietor  to  the  owner  or  oceopier  of  suob  a 
house,  and  if  the  honse  be  empty,  such  notice  to  be  stuck  up 
on  the  front  or  front  door  of  it. 

No  timber  hereafter  to  he  laid  in  any  parly  arch,  or  party 
wall,  except  for  bond  to  the  same  ; nor  any  bond  timber  within 
nine  inches  of  the  opening  of  a chimney,  nor  within  five  inches 
of  the  Hue  ; nor  any  timber  w ithin  two  feet  of  any  oven,  stove, 
copper,  still,  boiler,  or  furnace. 

The  wood  work  of  chimney  breasts  to  be  fastened  lo  the 
said  breast  with  iron  wall  hooks,  spikes,  nails,  or  holdfasts, 
which  must  not  be  driven  more  than  three  inches  into  the  wall, 
or  nearer  than  four  inches  to  the  inside  of  (be  opening  of  tbe 
chimney. 

No  timber  bearer  to  wooden  stairs  let  into  an  old  party  wall, 
must  come  nearer  than  eight  inches  and  a half  to  tbe  flue,  nor 
nearer  than  four  inches  to  the  internal  Guishing  of  the  adjoin- 
ing building. 

No  timber  to  be  laid  under  any  hearth  to  a chimney,  nearer 
than  eighteen  inches  to  tbe  upper  surface  of  such  hearth. 

No  timber  must  be  laid  nearer  than  eighteen  inches  to  any 
door  of  communication  through  the  party  walls  of  warehouses 
and  stables. 

Bressummcrs,  story  posts,  and  plates  thereto,  are  only  per- 
mitted in  the  ground  story,  and  may  stand  even  with  the  out- 
side of  the  wall,  but  must  go  no  deeper  than  two  inches  into  a 
party  wall,  nor  nearer  than  seven  inches  to  the  centre  of  a 
party  wall,  when  it  is  two  bricks  thick,  nor  nearer  than  four 
inches  and  a half,  provided  the  party  wail  docs  not  exceed  one 
brick  and  a half  in  thickness. 

Every  corner  story  post  must  be  of  oak,  and  at  least  twelve 
inches  square,  when  employed  for  tbe  support  of  two  fronts. 

Window  frames  and  door  frames  to  the  first,  second,  third, 
and  fourth  rate  classes,  arc  to  be  recessed  in  reveals,  four 
inches  at  least. 

Door-cases  and  doors  to  warehouses  only  of  tbe  first,  second, 
third,  or  fourth  rate  classes,  may  be  even  with  the  outward  face 
of  the  wall. 

No  external  decoration  to  be  of  wood,  except  cornices  or 
dressings  to  shop  windows  ; frontispieces  to  door-ways  of  tho 
second,  third,  and  fourth  rate  classes,  and  covered  ways  or  por- 


ticoes to  buildings;  but  not  to  project  beyond  the  original  lino 
of  the  bouse  in  an)’  street  or  w ay.  Such  covered  way  or  por- 
tico not  to  be  covered  with  wood:  nor  such  cornice,  covered 
w ay,  or  roof  oT  the  portico,  to  be  higher  than  the  under  side  of 
the  sill  to  the  windows  of  the  one  pair  of  stairs  floor.  No  flat 
gutter  or  roof,  nor  any  turret,  dormer,  or  lantern  light,  or  other 
erection  placed  on  the  flat  of  the  roof  belonging  to  the  first, 
second,  third,  fourth,  and  fifth  rate  classes,  to  be  of  wood. 

No  wooden  water  tanks  most  be  higher  Horn  the  ground  than 
the  tops  of  the  windows  of  the  ground  story. 

Those  provisions  of  the  act  which  relate  to  the  Bricklayer 
ore  the  most  numerous.  Every  master  bricklayer  must  give 
twenty-four  hours’  notice  to  the  surveyor  of  the  district,  con- 
cerning tho  building  to  be  altered  or  erected  ; but  if  the  build- 
ing is  lo  be  piled  or  planked,  or  begun  wi'.h  wood,  it  becomes 
tbe  business  of  the  carpenter  to  give  such  notice. 

The  footings  of  the  walls  ore  to  have  equal  projections  on 
each  side  ; but  where  any  adjoining  building  will  not  admit  or 
such  projections  to  be  made  on  the  side  adjoining  to  such 
building,  this  direction  lo  be  complied  with  as  nearly  us 
possible. 

The  timbers  in  each  rate,  as  girders,  beams,  trimming  joists, 
&c.  may  have  as  much  bearing  as  the  nature  of  the  wall  will 
admit,  provided  four  inches  he  left  between  the  ends  of  such 
timber  and  the  external  surface  of  tbe  wall. 

XX.  External  Walla.' — Every  front,  side,  or  end  wall,  not 
being  a party  wall,  is  called  nil  external  wall. 

External  walls,  and  other  external  enclosures  to  the  first, 
second,  third,  fourth,  and  fifth  rates  of  buildings,  must  be  of 
brick,  stone,  artificial  stone,  lead,  copper,  tin,  slate,  tile,  or 
iron  ; or  of  some  or  all  of  these  materials  in  conjunction,  ex- 
cept the  planking,  piling,  fee.  for  the  foundation,  which  may  be 
of  wood. 

If  any  part  to  an  external  wall  of  the  first  nnd  second  rate  is 
built  wholly  of  itono,  it  is  not  to  be  less  in  thickness  than  as 
follows:  first  rate,  fourteen  inches  below  tbe  ground  floor,  nine 
inches  above  the  ground  Boor ; second  rate,  nine  inches  above 
the  ground  floor. 

Where  a recess  is  meant  to  be  made  in  an  external  wall,  it 
must  be  arched  over,  in  such  a manner,  that  the  arch  and  the 
back  of  such  recess  shall  respectively  be  of  tbe  thickness  of 
one  brick  in  length  ; hence  no  walls  are  allowed  to  be  recessed 
which  are  not  more  than  one  brick  in  thickness. 

No  external  wall  to  the  first,  second,  third,  and  fourth  rate, 
is  ever  to  become  a party**  all,  unless  tbe  same  shall  be  of  the 
height  and  thickness  above  the  footing,  as  is  required  for  each 
party-wall  to  its  respective  rate. 

XXI.  Parit/-  Walts. — Buildings  of  tho  first,  second,  third, 
and  fourth  rate,  which  arc  not  yet  designed  by  the  owner 
thereof  to  have  separato  and  distinct  side  walls,  on  such  parts 
ns  may  be  contiguous  to  other  buildings,  must  have  party - 
walls  ; and  they  are  to  be  placed  half  and  half  on  the  ground 
of  each  owner,  or  of  each  building  respectively,  nnd  may  be 
built  thereon,  without  any  notice  being  given  to  tbe  owner  of 
tbe  other  part,  the  first  builder  having  a right  so  to  do,  when 
building  against  vacant  ground. 

Party-walls,  chimneys,  and  chimney  shafts  hereafter  to  be 
built,  roust  bo  of  good  sound  brick  or  stone,  or  of  sound 
bricks  and  stone  together,  and  must  be  coped  with  stone,  tile, 
or  brick. 

Party -walls,  or  additions  thereto,  must  be  carried  up  thirteen 
Inches  above  the  roof,  measuring  at  right  angles  with  the  back 
of  .the  rafter,  and  twelve  inches  above  the  gutter  of  the  highest 
building  which  gables  against  it;  but  where  the  height  of  a 
party-wall  so  carried  up,  exceeds  the  height  of  the  blocking 
course  or  parapet,  it  may  be  made  less  than  one  foot  above  the 
gutter,  for  the  distance  of  two  feet  six  inches  from  the  front  of 
the  blocking  course  or  parapet. 

■Where  dormers  (the  term  for  windows  in  roofs,  differing 
from  sky-lights  by  their  being  vertical)  or  other  erections  arc- 
fixed  in  any  flat  or  roof,  within  four  feet  of  any  party-wall, 
such  party-wall  is  to  be  carried  up  against  such  dormer,  and 
must  extend  at  least  two  feet  wider,  and  to  the  full  height  of 
every  such  dormer  or  erection. 

No  recess  is  to  be  hereafter  made  in  any  part) -wall  of  the 
first,  second,  third,  and  fourth  rate,  except  for  chimney  flues. 
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gilders,  Ac.  and  for  the  ends  of  n ails  or  piers,  so  as  to  reduce  | 
such  wall  in  any  part  of  it  to  a less  thickness  than  is  required 
by  the  act,  for  tbe  highest  rate  of  building  to  which  such  nail 
belongs. 

No  opening  is  to  be  made  in  any  parly-wall,  except  for  com- 
munication from  one  stack  of  warehouses  to  another,  and  from  | 
one  stable  building  to  another,  and  the  communications  al- 
lowed must  have  w rought  iron  doors,  nod  the  parrot  I*  thereof 
ure  not  to  be  less  than  a quarter  of  an  inch  thick,  and  must  he 
fixed  in  stone  door-cases  and  sills.  But  there  may  be  op«n- 
ings  for  passages  or  ways  on  the  ground,  for  foot  passengers, 
cattle,  or  carriages,  which  must  be  arched  over  throughout 
with  brick  or  stone,  or  brick  and  stone  together,  of  the  thick- 
ness of  a brick  and  u half  ut  the  least,  to  the  first  and  second 
rate,  and  one  brick  to  the  third  and  fourth  rate.  And  if  there 
is  any  cellar  or  vacuity  under  such  passage,  it  is  to  be  arched 
over  throughout  in  the  same  manner  as  the  passage  over  it. 

No  party-wall,  or  party -arch,  or  .shaft  of  any  chimney,  new 
or  old,  must  be  cut  into,  except  for  the  follow  ing  purposes  : if 
the  fronts  of  buildings  are  in  a line  with  each  other,  a recess 
may  be  cut,  both  in  the  fore  and  back  front  of  such  buildings, 
(as  may  be  already  erected,)  for  the  purpose  of  inserting  the 
end  of  such  other  external  wall,  which  is  to  adjoin  thereto. 
This  recess  must  not  be  more  than  nine  inches  deep  from  the 
outward  faces  of  such  external  walls,  and  nut  hr  cut  b-yond 
the  centre  of  tbe  party-wall.  And  for  the  purpose  of  inserting 
bressummers  and  story-posts,  that  are  to  he  fixed  on  the  ground 
floor,  either  in  the  front  or  hnck  wall,  the  recess  may  be  cut 
from  the  foundation  of  such  new  w all  to  the  top  of  such  Lrcs- 
suminer,  fourteen  inches  deep  from  the  outward  face  of  such 
wall,  and  four  inches  wide  in  the  cellar  story,  and  two  inches 
wide  on  the  ground  story.  The  same  may  also  be  done  for  the 

Kurpusc  of  tailing-in  stone  steps,  or  stone  landings,  as  for 
carers  to  wood  stairs,  or  for  laying-in  stone  corbels  for  the 
support  of  chimney  jambs,  girders,  beams,  pttrlincs,  binding  or 
trimming  joists,  or  other  principal  timbers. 

Perpendicular  recesses  may  also  be  cut  in  any  party-wall, 
whose  thickness  is  not  less  than  thirteen  inches,  for  the  pur- 
pose of  inserting  walls  and  piers  therein  ; but  they  must  not  be 
wider  than  fifteen  inches,  or  more  than  four  inches  deep ; and 
no  such  recess  is  to  be  nearer  than  ten  feet  to  any  other  rece«s. 
All  such  cuttings  or  recesses  must  be  immediately  made  good, 
and  effectually  pinned  up,  with  brick,  stone,  slate,  tile,  shell, 
or  iron,  bedded  m mortar. 

No  party  wall  must  be  cut  for  any  of  the  above  purposes,  if 
tbe  same  will  injure,  displace,  or  endanger  the  timbers,  chim- 
neys, flues,  or  internal  finisbings  of  the  adjoining  buildings. 

Tho  fooling  may  be  cut  off  on  the  side  of  any  party-wall, 
where  an  independent  side  wall  is  intended  to  be  built  against 
such  party-wall. 

When  any  buildings  (inns  of  court  excepted)  that  are  erected 
over  gate-ways,  or  public  passages,  or  have  different  rooms  and 
floors,  the  property  of  different  owners,  are  to  be  rebuilt,  they 
must  have  a party-wall,  with  a party-arch  or  arches  of  the 
thickness  of  a brick  and  a half  at  the  least,  to  the  first  and 
second  rate,  and  of  one  brick  to  the  third  and  fourth  rate,  be- 
tween building  and  building,  or  between  the  different  rooms 
and  floors  that  are  the  property  of  different  owners. 

Inns  of  court  are  required  only  to  have  party-walls  where 
any  room  or  chamber  communicates  to  each  separate  and  dis- 
tinct staircase,  and  which  are  also  subject  to  the  same  regula- 
tions as  respect  other  party-walls. 

If  buildings  of  different  rates  adjoin  each  other,  and  any  ad- 
dition is  intended  to  ho  made  to  the  lower  rate,  the  party-wall 
of  such  building  roust  be  such  as  is  required  for  that  of  the 
higher  rate  adjoining. 

When  any  party-wall  is  raised,  it  is  to  he  made  of  the  same 
thickness  as  the  wall  in  tbe  story  next  below  the  roof  of  the 
highest  building  adjoining,  but  it  must  not  bo  raised  at  all, 
unless  it  can  be  done  with  safety  to  such  wall,  and  the  build- 
ing adjoining  thereto. 

Every  dwelling-house  built  four  stories  high  from  the  foun- 
dation, exclusive  of  rooms  in  the  roof,  must  have  its  party-wall 
built  according  to  the  third  rate,  although  such  dwelling-house 
may  be  of  the  fourth  rate.  Every  dwelling-house,  also,  ex- 
ceeding four  stories  in  height  from  the  foundations,  exclusive 
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of  the  rooms  in  the  roof.  mu»l  have  its  party-wall  built  accord- 
ing to  the  first  tatc,  although  such  house  may  not  be  of  the  firsC 
rate. 

XXII.  CAimmeus.— No  chimney  is  to  be  erected  on  timber, 
except  on  the  piling,  planking,  Ac.  of  the  foundations  of  the 
building 

Chimneys  may  be  built  back  to  back  in  party-walls ; but 
when  this  is  done,  they  must  not  be  less  in  thickness  from  tl»o 
centre  of  such  party-wall  than  as  follows:  first  rate,  nr  adjoin- 
ing thereto,  must  be  one  brick  thick  in  the  cellar  story,  and  half 
a brick  in  all  tin?  upper  stories.  Second,  third,  and  fourth, 
rate,  or  adjoining  thereto,  must  be  three-quarters  of  a bri<*k  in 
the  cellar  story  ; and  half  a brick  in  all  the  upper  stories.  Such 
cbimnejs  in  party- walls  of  arty  of  the  four  rates,  as  do  not 
stand  back  to  back,  may  be  built  as  follows  ; from  tin*  external 
face  of  the  parly-wall  to  the  inward  face  of  the  bark  of  the 
chimney  in  the  cellar  story,  one  brick  and  a half  thick,  and  in 
the  upper  stories,  one  brick  thick  from  the  hearth  to  twelve 
inches  ubove  tbe  mantle.  If  such  chimney  is  built  against 
any  other  wall,  the  back  may  behalf  a brick  thinner  than  above 
stated. 

Those  backs  of  chimneys  which  arc  not  in  party-walls  of  the 
second,  third,  and  fourth  rale,  must  be  it)  every  story  one  brick 
thick  at  least,  from  the  hearth  to  twelve  inches  above  the  mantle. 
These  backs  may  also  be  half  a brick  tbiuncr,  if  such  chimney 
be  built  against  any  other  wall. 

The  breasts  of  chimneys,  whether  in  party-walls  or  not,  arc 
not  to  be  less  than  ono  brick  thick  in  tho  cellar  story,  and  half 
a brick  thick  in  every  other  story. 

All  partitions  between  flues  must  not  be  less  than  half  a 
brick  thick. 

Flues  may  be  built  opposite  to  each  other  in  party  walls,  hut 
they  must  not  approach  nearer  to  the  centre  of  such  wall  tbau 
two  inohes. 

All  chimney  breasts  next  to  tbe  rooms,  and  chimney  backs, 
and  all  flues,  are  to  be  rendered  or  pargeted. 

Sacks  of  chimneys,  and  flues  in  party -walls  against  vacant 
ground,  must  be  lime  whiled,  or  marked  in  some  durable  man- 
ner. but  must  be  rendered  or  pargeted  ns  soon  as  any  other 
building  is  erected  to  adjoin  them. 

No  timber  must  be  over  the  opening  of  any  chimney  for  sup- 
porting the  breast ; but  all  cliimuej  s must  have  a brick  or  stone 
arch,  or  iron  bar  or  bars. 

All  chimneys  must  have  stabs  or  foot  paces  of  stone,  marble 
tile,  or  iron,  at  least  eighteen  inches  broad,  and  at  least  one 
foot  longer  than  the  opening  of  the  chimney  when  finished  . 
and  such  slabs  or  foot  paces  must  bo  laid  on  brick  or  stone 
trimmers  at  least  eighteen  inches  broad  from  the  face  of  the 
chimney  breast,  except  there  be  no  room  or  vacuity  beneath, 
in  which  case  they  may  he  bedded  on  the  ground- 

Brick  funnels  must  not  be  made  on  the  outside  of  the  first, 
second,  third,  or  fourth  rute,  next  to  any  street,  square,  court, 
road,  or  way,  so  as  to  extend  beyond  the  general  lino  of  the 
building  in  such  situations. 

No  metallic  funnel  or  other  pipe,  for  conveying  smoke  or 
steam,  is  allowed  to  be  fixed  near  any  public  street,  square, 
court,  or  way  to  the  first,  second,  third,  or  fourth  rate,  and  no 
such  pipe  is  to  be  fixed  on  the  inside  of  any  building  nearer 
than  fourteen  inches  to  any  limber,  or  other  combustible 
material. 

Hoi'se.  Every  man's  house  is  as  his  castle,  as  well  to 
defend  him  against  injuries,  os  for  his  repose.  Upon  recovery 
in  any  real  action  or  ejectment,  the  sheriff  may  break  the  house 
and  deliver  seisin,  Ac.  to  the  plaintiff.  Where  the  king  is 
party,  tho  sheriff  mar  break  the  party’s  house  to  take  him,  or 
to  execute  other  process  of  the  king;  but  he  ought  first  to 
signify  the  cause  of  his  coming,  and  request  the  door  to  be 
opened  ; when  the  door  is  open,  the  sheriff  niny  enter  and 
make  execution  at  the  suit  of  uny  subject:  but  where  the  door 
is  shut,  there  he  cannot  break  it  to  execute  process  pt  tbe  suit 
of  a subject.  Though  a house  is  a custlc  fur  the  owner  him- 
self and  his  family  and  his  own  goods.  Ac.  yet  it  is  no  protec- 
tion for  a stranger  flying  thither;  or  the  goods  of  such  a one  to 
prevent  lawful  executions,  nor  for  persons  guilty  of  high  trea- 
son, or  breaches  of  the  peace.  A man  ought  so  to  use  his 
bouse  as  not  to  damnify  his  neighbours. 

6 it 


486 


HUN 


DICTIONARY  OP  M KCT1 AN1CAL  SCIENCE. 


II  V N 


HOUSED,  at  sea,  expresses  the  situation  of  the  great  irons 
upon  the  middle  and  lower  decks  when  they  are  run  in,  and 
the  breech  being  let  down,  the  muzzle  rests  against  the  side 
above  the  port : they  are  then  secured  by  their  tackles,  muz 
/If  lashes,  and  breechings. 

HOVERING,  in  Law.  Ships  of  fifty  tons,  laden  with  cm-  . 
tomalde  or  prohibited  goods,  hovering  on  the  coasts  of  this  | 
kingdom,  within  the  limits  of  any  port  (and  not  prorccding  i 
from  foreign  parts)  most  take  a security  in  such  sum  of  money  | 
to  tho  amount  of  treble  the  value  of  such  foreign  goods  then  on  i 
board,  that  such  ship  shall  proceed,  ns  soon  ns  wind  and  wen-  | 
tlier,  and  the  condition  of  live  ship,  will  permit,  on  her  voyage  1 
to  foreign  parts. 

HUB  and  CRY.  ts  the  ancient  common  law  process  after 
felons,  and  such  ns  have  dangerously  wounded  any  person,  or  ■ 
assaulted  any  one  with  intent  to  rob  him.  For  the  levying  of  j 
hue  and  cry,  although  it  is  n good  course  to  have  a justice's  j 
warrant,  where  time  will  permit,  in  order  In  prevent  causeless  1 
hue  and  cry;  jet  it  is  not  necessary,  nor  always  convenient ; 
for  the  felon  may  escape  before  the  warrant  be  obtained. 

HUER,  or  Hvf.k,  the  Icelandic  name  for  streams  of  heated 
water,  which  arc  forced  with  great  violence  through  apertures 
in  the  earth,  by  internal  causes,  to  a great  height,  in  that 
island. 

HUGUENOTS,  a term  of  contempt,  first  given  to  the  French 
protestants,  in  the  year  1660.  This  term  probably  owes  its 
origin  to  an  erroneous  pronunciation  of  the  German  word  Eid- 
gcuossen,  which  signifies  ttrarn-fetltiu't.  This  had  been  the 
name  of  that  part  of  the  Genevans  who  entered  into  an  alliance  : 
with  the  Swiss  cantons,  in  order  to  maintain  their  liberties  ' 
against  the  Duke  of  Savoy.  The  name  is  also  said  to  have  . 
been  derived  from  a gate  or  the  city  in  which  they  first 
assembled. 

HUMANITIES,  in  the  plural,  signify  grammar,  rhetoric, 
and  poetry,  known  by  the  name  of  ! it  era  fmmaniorrt. 

HUMIDITY.  Set  H yoromf.tf.r. 

HUMULUS,  in  Botany.  n genus  of  the  dioecin  pentandria 
class  and  order.  Tlicro  is  but  one  species,  vis.  II.  lupulus, 
Hopt,  which  sec. 

HUNDRED,  a number  equal  to  10  times  10,  denoted  by  the 
Roman  letter  C,  and  written  thus,  100.  HuntfrrJ  weight,  a 
measure  of  weight  equal  to  112  tbs.  and  commonly  denoted  by  I 
the  contraction  cut. 

Hundred.  Hundreds  are  not  answerable  to  persons  robbed,  j 
travelling  on  a Sunday ; but  arc  liable  to  penalty  on  expor-  | 
tation  of  wool : to  damages  sustained  by  pulling  down  build-  j 
ings,  killing  cattle,  cutting  down  trees,  burning  bouses,  &r„  I 
destroying  turnpikes  or  works  on  navigable  rivers;  cutting1 
hop-binds,  destroying  rorn  to  prcieut  exportation,  and  In,  j 
wounding  ollircrs  rf  tho  customs.  All  moneys  recovered 
ugainsi  the  hundred  <0  be  levied  by  a rate. 

HUNGARIAN  M vein  we,  nn  hydraulic  engine,  is  n very  inge- 
nious application  of  the  Hero  Jet  a £«iii  principle.  The  following 
engraving  represents  this  machine.  A is  the  source  of  water 
elevated  130  feet  above  the  mouth  of  the  pit,  and  from  Ibis 
source  there  descends  a pipe  i)  of  4 inches  diameter,  which 
enters  the  crown  of  a copper  cistern  B,  l>|  feet  high,  5 feet 
diumeter,  and  2 inches  thick.  The  pipe  1>  reaches  to  within 
4 inches  of  the  bottom  of  this  copper  ristern  ; it  lias  n cock  at  (. 

This  cistern  has  a cock  at  Q.  and  a very  large  one  at  N ; 
from  its  top  proceeds  a pipe  V EC  two  inches  diameter,  which 
goes  down  the  pit  t>0  feet,  and  is  inserted  into  the  top  of  another 
brass  or  copper  cistern  C,  t>J  feet  high,  4 feet  diameter,  nnd 
2 inches  thick  : the  latter  containing  nearly  83  cubic  feet,  which 
is  about  half  the  capacity  of  the  former,  rrr.  170  cubic  feet. 
Another  pipe.  F 0, 4 inches  diameter,  rises  from  within  4 inches 
of  the  hodom  of  this  lower  cistern,  is  soldered  into  its  lop,  nnd 
rises  to  the  trough  Z,  which  carries  oil’  the  water  from  tho 
mouth  of  the  pit.  This  lower  cistern  communicates  at  the 
bottom  with  the  water  O,  which  collects  in  tho  drains  of  tho  , 
mines.  A large  cock  P serves  to  exclude  or  admit  this  water; 
another  cock  M,  at  the  top  of  this  cistern,  communicates  with 
tho  oxiernnl  air. 

Now,  suppose  the  cork  I shut,  and  all  the  rest  open ; the 
upper  cistern  will  contain  air,  and  the  lower  cistern  will  be  , 
filled  with  water,  because  it  is  sunk  so  deep  that  its  top  is  1 


below  the  usual  surface  of  the  mine-waters.  Shut  tho 
cocks  Q,  N,  M,  P,  and  open  the  cock  (.  The,  water  of  the 
source  A must  run  in  by  the  orifice  J,  nnd  rise  in  the  up- 
per cistern,  compressing 
tho  air  above  it,  and 
along  the  pipe  V EC. 
and  thus  acting  on  the 
surface  of  tbe  water  m 
the  lower  cistern.  It  will 
therefore  cause  it  to 
rise  gradually  in  the  pipe 
O F.  w here  it  w ill  alw  ays 
be  of  suoh  a height  that 
its  weight  balances  the 
elasticity  of  the  com- 
pressed air.  Suppose 
no  issue  given  to  the  air 
from  the  upper  cistern, 
it  would  be  compressed 
into  one-fifth  of  its  bulk 
by  the  column  of  13(1 
fret  high  ; for  a column 
of  34  feet  nearly  ba- 
lances the  ordinary  elas- 
ticity of  the  air.  There- 
fore, when  there  is  an 
issue  given  to  it  through 
the  pipe  V EC,  it  will 
drive  the  compressed  air 
along  this  pipe,  and  it 
will  expel  water  from 
the  lower  cistern.  When 
the  upper  cistern  is  full 
of  water,  there  will  be 
34  cubic  feet  of  water 
expelled  from  the  lower 
cistern.  IfthepipcOP 
had  been  more  than  136 
feet  long,  the  water 
would  hnvc  risen  1 36  feet, 
being  then  in  equilibrio 
with  the  water  in  the 
feeding  pipe  D,  by  the 
intervention  of  the  elas- 
tic air;  but  no  more 
water  would  have  been 
expelled  from  the  lower 
ristern  than  what  fills 
this  pipe.  But  the  pipe 
being  only  n6  fee*  high,  the  water  will  be  thrown  out  at  Z with 
n considerable  velocity.  If  H were  not  for  the  great  obstruc- 
tions which  water  nnd  air  must  meet  with  in  their  passage 
along  pipes,  it  would  issue  at  Z with  a velocity  of  more  than 
fifty  feet  per  second.  It  issues  however  much  more  slowly, 
and  at  last  the  upper  ristern  is  full  of  water,  and  the  water 
would  enter  tho  pipe  V E and  enter  the  lower  cistrrn,  and, 
without  displacing  the  air  in  it,  would  rise  through  the  dis- 
charging pipe  O I*,  and  run  off  to  waste.  To  prevent  this,  there 
hangs  in  the  pipe  V E a cork  ball  or  double  cone,  by  a brass 
wire  which  is  guided  by  holes  in  two  cross-pieres  in  that  pipe. 
When  the  upper  cistern  is  filled  with  water,  this  cork  plugs  up 
the  orifice  V,  and  no  wnter  is  wasted;  the  influx  ot  J now- 
stops.  But  the  lower  cistern  contains  compressed  air,  which 
would  balance  water  in  a discharging  pipe  136  feet  high, 
whereas  O P is  only  96.  Therefore  the  water  will  continue  to 
flow  at  Z till  tbe  air  has  so  far  expanded  as  to  balance  only 
90  feet  of  water,  that  is,  till  it  occupies  one-half  of  its  ordinary 
bulk,  that  is.  one-fourth  of  the  capacity  of  the  upper  cistern,  or 
42)  cubic  feet.  Therefore  4*2J  cubic  feet  will  be  expelled,  and 
the  efflux  at  Z will  cease;  nnd  the  lower  cistern  is  about  one- 
half  full  of  water.  When  the  attending  workman  observes  this, 
fiv  shuts  tbe  cock  I.  lie  might  have  done  this  before,  had 
he  known  tho  orifice  V was  slopped;  hut  no  loss  ensues  from 
the  delay.  At  the  same  time  the  attendant  opens  the  cock  N 
the  waler  issues  with  great  violence,  being  pressed  by  the  con- 
densed air  from  the  lower  cistern.  It  therefore  issues  with  tbe 
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sum  of  its  own  weight  and  of  this  compression.  These  gra- 
dually  decrease  together,  by  the  efflux  of  the  water  and  the 
expansion  of  the  air;  but  this  efflux  stops  before  all  the  water 
has  flowed  out;  for  there  arc  42 1 feet  of  the  lower  cistern 
occupied  by  air.  This  quantity  of  water  remains,  therefore,  in 
the  upper  cistern  nearly  : the  workman  knows  this,  because 
the  discharged  water  is  received  first  of  all  into  a vessel  con- 
taining three-fourtha  of  the  capacity  of  the  upper  cistern. 
Whenever  this  is  filled,  the  attendant  opens  the  cork  P by  a 
long  rod  which  goes  down  the  shaft;  this  allows  the  water  of 
the  mine  to  fill  the  lower  cistern,  and  the  air  to  get  into  the 
upper  cistern,  which  permits  the  remaining  water  to  ruu  out  of 
il.  Thus  every  thing  is  brought  into  its  first  condition ; and 
when  the  attendant  sees  no  more  water  come  out  at  N,  he 
shuts  the  cocks  N and  M,  and  opens  the  cock  I,  and  the  opera- 
tion is  repeated. 

There  is  a very  surprising  appearance  in  the  working  of  this 
engine.  When  the  efflux  at  Z has  stopped,  if  the  cock  Q be 
opened,  the  water  and  air  rush  out  together  with  prodigious 
violence,  and  the  drops  of  water  are  changed  into  hail  or  lumps 
of  ice.  It  is  a sight  usually  shewn  to  strangers,  who  arc  desired 
to  hold  their  hats  to  receive  the  blasts  of  air;  the  ice  comes  out 
with  such  violence  as  frequently  to  pierce  the  hat  like  a pistol 
bullet.  This  rapid  congelation  is  a remarkable  instance  of  the 
general  fact,  that  air  by  suddenly  expanding  generates  cold,  its 
capacity  for  heat  being  increased. 

Now,  from  the  above  account  of  the  procedure  in  working 
this  engine,  wc  see  that  the  efflux  both  at  Z and  N becomes 
very  slow  near  the  end.  It  is  fuund  convenient  therefore  not 
to  wait  for  the  complete  discharges,  hut  to  turn  the  cocks  when 
about  30  cubic  feci  of  water  have  been  discharged  at  Z;  more 
work  is  done  in  this  way.  A gentleman  of  great  accuracy  and 
knowledge  of  these  subjects  took  the  trouble  of  noticing  parti- 
cularly the  performance  of  the  machine.  He  observed,  that 
each  stroke  took  up  about  three  minutes  and  onc-cighth  ; and 
that  32  cubic  feet  of  water  were  discharged  at  Z,  and  00  were 
expended  at  N.  The  expense  therefore  is  66  feet  of  water 
falling  130  feet,  and  the  performance  is  32  raised  90.  and  they 
are  in  the  proportion  of  06  x 136  to  32  x 96,  or  of  1 to  0.3422, 
or  nearly  aa  3 to  1.  This,  says  Hr.  Gregory,  is  superior  to  the 
performance  of  the  most  perfect  undershot  mil),  even  when  all 
friction  and  irregular  obstructions  arc  neglected  , and  is  uot 
much  inferior  to  any  overshot  pump-mill  that  has  yet  been 
erected.  When  wc  rellect  on  the  great  obstructions  which 
water  meets  with  iu  its  passage  through  long  pipes,  we  may  be 
assured,  that  by  doubling  the  size  of  the  feeder  and  discharger, 
the  performance  of  the  machine  will  be  greatly  improved  ; we 
do  not  hesitate  to  say,  that  it  would  be  increased  one-third  : it 
is  true  that  it  will  expend  more  water;  but  this  wilt  not  be 
ncmly  in  the  same  proportion,  for  most  of  the  deficiency  of  the 
machine  arlar-s  from  the  needless  velocity  of  the  first  efflux  at 
Z.  The  discharging  pipe  ought  to  be  1 10  feet  high,  and  not 
give  sensibly  less  water.  Then  it  must  be  considered  how 
inferior  in  original  expense  this  simple  machine  must  be  to  a 
mill  of  any  kind  which  would  raise  10  cubic  feet  96  feet  high  in 
a minute,  and  how  small  the  repairs  on  it  need  he,  when  com- 
pared with  a mill.  And,  lastly,  let  it  be  noticed  that  such  a 
machine  can  be  used  where  no  mill  whatever  can  be  put  in 
motion.  A small  streum  of  water,  which  would  not  move  any 
kind  of  wheel,  will  here  raise  one-third  of  its  owu  quantity  to 
ihc  same  height ; working  as  fast  as  it  is  supplied. 

For  these  reasons,  wc  join  in  opinion  with  Dr.  Gregory,  that 
the  Hungarian  machine  eminently  deserves  the  attention  of  the 
mathematicians  and  engineers,  to  bring  it  to  its  utmost  perfec- 
tion. and  into  general  use.  There  arc  situations  where  this 
kind  of  machine  may  be  very  useful.  Thus,  where  the  tide 
rises  17  feet,  it  may  be  used  for  compressing  air  to  seven- 
eights  of  its  bulk  ; and  a pipe  leading  from  a very  large  vessel 
inverted  iu  it  may  be  used  for  raising  the  water  from  a vessel 
of  one-eighth  of  its  capacity  17  feet  high  ; or  if  this  vessel  has 
only  ono  tenth  of  the  capacity  of  the  large  one  set  in  the  tide- 
way, two  pipes  may  be  It-d  from  it ; otic  into  the  small  vessel, 
and  the  other  into  an  equal  vessel  16  feet  higher,  which  receives 
the  water  front  the  first.  Thus  one- sixteenth  of  the  water  ni.«y 
be  raised  34  feel,  and  a smaller  quantity  to  a still  greater 
height;  and  this  with  a kind  of  power  that  can  hardly  be 


applied  any  other  way.  Machines  of  this  kind  should  not  l>« 
forgotten,  because  opportunities  may  offer  of  making  them 
highly  beneficial,  where  other  circumstances  might  dictate  their 
erection. 

Mr.  J.  W.  Boswell  has  devised  an  apparatus,  which  when 
attached  to  such  a machine  as  that  at  Chemnitz,  enables  it  to 
work  itself  without  attendance.  Sec  the  foregoing  figure. 

A,  is  the  reservoir,  or  upper  level  of  water. 

I),  n chamber  or  cistern  made  of  sufficient  strength  to  bear 
the  internal  pressure  of  a column  of  w ater  Ihc  height  of  A above 
il,  multiplied  by  its  own  base. 

C,  a chamber  of  tho  same  strength  as  B,  but  of  a smaller 
size;  it  is  placed  at  the  bottom  of  the  pit  from  which  the  water 
is  to  be  raised,  hud  under  the  level  of  the  water.  These 
chambers  would  be  stronger  with  the  same  materials,  if  of  a 
globular  or  cylindrical  form;  but  the  square  shape  is  used  in 
the  drawing,  merely  for  the  facility  of  representing  the  position 
of  the  parts. 

D,  a pipe  from  the  reservoir  A,  which  passes  through  the  top 
of  B,  and  ends  near  iu  bottom,  to  convey  water  from  \ to  B. 

E,  a pipe  from  the  top  of  U to  the  top  of  C,  to  convey  nir 
from  fi  to  C. 

F,  a pipe  from  the  bottom  of  C to  the  level  of  the  ground  at 
the  top  of  the  pit,  to  carry  off  the  water  from  the  pit. 

ti,  a pipe  from  the  bottom  of  B to  carry  off  the  w ater  from  it. 

H,  a vessel  to  contain  the  water  used  in  working  the  cocks; 
it  is  only  placed  on  the  top  of  B to  save  tho  construction  of  a 
stand  on  purpose  for  it. 

I,  a cock,  or  moveable  valve  (worked  by  the  lever  there 
represented)  in  the  large  pipe  D. 

N,  a stop-cock  in  the  small  pipe  which  conveys  water  from 
D to  H.  IU  use  is  to  make  tho  engine  work  faster  or  slower, 
by  letting  water  more  or  less  quick  into  H ; or  to  stop  it  alto- 
gether from  working  when  required. 

L,  a moveable  valve  or  cock  in  the  small  pipe  L K.  The  lever 
which  works  it  is  connected  by  a strong  wire  with  the  lover 
which  works  I,  and  is  balanced  by  a weight  at  its  opposite 
extremity,  sufficient  to  open  both  these  cocks  and  shut  N,  when 
not  prevented  by  a counter-weight. 

N,  a cock  in  the  pipe  G to  open  and  shut  it  as  wanted. 

G,  a self-moving  valve  iulhc  pipe  F,  which  permits  the  water 
to  pass  upwards,  hot  prevents  its  return. 

P,  a self-moving  valve  at  the  bottom  of  C,  which  permits  tho 
water  to  pass  into  C,  hut  prevents  any  from  passing  out  of  it ; 
it  is  furnished  with  a grating,  to  prevent  dirt  getting  in. 

R,  a vessel  suspended  from  the  levers  of  I and  L,  capable  of 
containing  a weight  of  water  sufficient  to  shut  them. 

S,  a vessel  suspended  from  the  lever  of  N ; it  must  contain 
water  enough  by  its  weight  to  open  N : il  is  connected  by  a 
chain  to  R,  to  keep  it  down  ns  long  as  N is  open. 

T,  a syphon  passing  from  the  bottom  of  H,  near  its  upper 
edge,  and  down  again  to  the  mouth  of  R. 

V,  a self-moving  valve  of  a sufficient  levity  to  rise,  when  the 
water  in  B comes  up  to  it,  and  close  the  pipe  E;  into  which  no 
water  would  else  pass  from  B.  A ball-cock,  such  as  is  used  in 
common  water  cisterns,  would  do  here. 

X,  a syphon  from  the  bottom  of  R,  rising  within  an  inch  of  its 
top,  and  passing  down  again  to  the  mouth  of  S. 

Y,  a small  pipe  at  the  bottom  of  S;  this  may  have  a stop- 
cock to  regulate  it,  which,  when  stopped,  will  also  stop  tho 
engine. 

The  mode  of  this  engine's  working  is  as  follows : Suppose 
the  vessels  V,  H,  R,  and  S,  empty  of  water, ’and  the  cocks  K.  and 
Y open,  and  the  vessel  C full  of  water.  Tho  weight  on  tin- 
lever  of  L will  then  open  the  cocks  L and  I.  on  which  the  water 
from  A will  (low  into  U and  II.  As  the  w atcr  rises  in  II,  it  will 
force  the  air  through  E into  C,  which  strongly  pressing  mi  the 
water  in  C.  will  force  il  up  through  the  pipe  F,  till  the  water  ru 
U rises  to  the  lever  of  V and  closes  it,  ;d  which  time  it  will  be 
full  of  water. (the  quantity  flowing  in  being  so  regulated  by  the 
cock  K,)and  the  water  will  flow  from  it  through  the  syphon  T 
into  the  vessel  U,  which,  as  it  (ills,  shuts  the  cocks  I ami  L,  and 
prevents  any  more  water  coming  into  II  and  II.  When  II  is 
full,  the  water  flows  through  its  syphon  X,  which  fills  S,  and  by 
il  opens  N,  which  empties  B of  water,  and  keeps  N open  as 
long  as  limit  is  any  w atcr  in  H. 


II  U R 


DICTIONARY  OP  MECHANICAL  SCIBNCK. 


HUS 


-Je*8 


When  II  is  empty,  B will  be  so  too,  (being  so  regulated  by 
lb  cock  K)  on  which,  in  a moment  or  two,  R and  S will  also 
be  empty  ; which  will  cause  the  cocks  I aod  L to  open,  and  all 
thing*  will  he  again  in  the  state  first  supposed,  for  a repetition 
of  the  operations  described. 

To  stop  the  engine,  the  cooks  at  K and  Y should  he  shut, 
while  S is  full  of  water.  To  set  it  working,  they  should  be 
open ; and  this  is  all  the  attendance  it  will  require.  As  no 
one  but  an  engineer  should  attempt  to  construct  such  an  engine 
us  this,  it  was  useless  to  represent  the  manner  of  connecting 
the  pipes  by  dandies,  or  otherwise  ; nr  the  proper  methods  of 
fastening  and  closing  the  parts,  which  are  all  well  known  to 
auch  as  have  made  this  art  their  study. 

HUNGARY  Water,  denominated  from  a queen  of  Hun- 
gary, is  made  by  distilling  in  balneo,  fresh- gathered  Dowers  of 
rosemary,  two  pounds  ; rectified  spirits  of  wine,  two  quarts. 

HURDLES,  in  Fortification,  twigs  of  willows  or  osiers  in- 
terwoven close  together,  sustained  by  long  stakes,  and  usually 
laden  with  earth.  Set  Fortification. 

Ilrnntt-s,  in  Husbandry,  frames  of  split  timber,  or  of  b axel 
rods  wattled  together,  to  make  sheep-folds,  &e. 

HURRICANE,  a furious  storm  of  wind,  owing  to  a con- 
trariety of  winds.  See  Wind  and  Whirlwind,  lluriicanes 
are  frequent  in  the  West  Indies,  where  they  make  terrible 
ravages,  by  rooting  up  trees,  destroying  bouses  aud  shipping, 
nnd  the  like.  Hurricanes  happen  cither  0:1  the  day  of  the  ! 
full,  change,  or  quarter  of  the  moon.  From  the  unusual  red- 
ness of  the  sun,  great  stillness,  nnd  at  the  same  time  turbu- 
lence of  the  skies,  swelling  of  the  sea.  the  like  happening  at 
the  change  of  the  moon,  the  natives  conclude  there  will  be  a 
hurricane  neat  full  moon ; and  if  the  same  signs  be  observed 
on  the  full  moon,  they  expect  one  next  new  moon.  As  the 
wind  betwixt  the  tropirs  is  generally  easterly,  and  upon  the 
sun’s  going  back  from  the  northern  tropic,  the  western  winds 
pour  down  with  violence  upon  those  parts,  the  opposition  of 
these  contrary  winds  cannot  fail  to  produce  a hurricane. 
Hurricanes  shift  not  through  all  the  points  of  the  compass,  hut 
begin  always  with  a nurth  wind,  veer  to  the  cast,  nnd  then 
cease;  and  their  shifting  between  these  two  points  is  so  sud- 
den and  violent,  that  it  is  impossible  fur  any  ship  to  veer  with 
it. — The  importance  of  the  barometer,  ns  indicating  the  ap- 
proach of  hurricanes,  may  be  learned  from  the  following  cor- 
roborative remarks  on  the  subject,  which  wc  extract  from  an 
interesting  totter  to  the  Editor  of  the  South  African  Chronicle: 
“Every  one  at  all  acquainted  with  the  mechanism  of  a baro- 
meter. is  aware  that  its  construction  originated  in  a discovery, 
that  the  mean  density  of  the  atmosphere  is  capable  of  support- 
ing a column  of  mercury  equal  to  about  thirty  inches  in  length  ; 
it  follows,  therefore,  that  every  deviation  from  that  height  is 
the  result  of  some  change  or  other  in  the  actual  density  or 
gravity  of  the  atmosphere  which  supports  it,  the  trilling  circct 
excepted,  which  is  produced  by  the  attractive  and  cohesive 
qualities  of  the  tube  in  which  it  is  confined  ; but,  although  it  is 
clear  that  no  alteration  can  take  place  in  the  quicksilver,  w hich 
is  not  occasioned  by  a proportional  change  in  tho  weight  of  the 
atmosphere,  these  changes  depend  upon  such  a variety  of 
causes,  and  are  frequently  so  minute  ns  not  to  be  perceptible, 
or  accompanied  by  any  visible  alteration  of  the  weather,  which 
is  tho  reason  why  small  deviations  in  the  barometer  do  not 
always  indicate  any  change  whatever  in  the  latter.  It  is  a 
well-established  fact,  that  the  barometer  undergoes  little  or  no 
variation  throughout  the  region  of  the  tropics,  except  when 
under  the  influence  of  an  approaching  hurricane,  when  it  is 
equally  notorious  that  it  invariably  falls  rapidly  and  considci- 
ably,  as  it  inevitably  must  do,  if  we  consider  the  principle 
upon  which  the  quicksilver  is  supported  in  the  tube,  and  con- 
nect it  with  the  probable  cause  of  these  storms,  which  arc  ns 
much  exceeded  in  violence,  as  the  situations  in  which  they  are 
generated  are  at  most  other  periods  in  mildness,  by  the  more 
boisterous  climates  of  Europe.  Of  the  danger  attending  them, 
(says  Colonel  Wright.)  1 have  acquired  some  degree  of  know- 
ledge from  dear-bought  experience,  and  of  their  approach  we 
may  at  all  times  be  warned  by  an  infallible  monitor,  although  I 
fear  it  is  too  often  fatally  slighted,  through  ignorance,  perverse- 
ness, or  prejudice;  because  that  part  of  the  ocean  to  which 
these  remarks  are  confined  is  frequently  sailed  over  without 


having  to  encounter  a hurricane ; and  because,  throughout 
such  navigation,  the  barometer  way  remnin  almost  stationary, 
it  is  too  apt  to  be  thought  a useless  appendage  to  a ship  in 
those  seas ; but,  so  far  is  this  from  being  a just  conclusion, 
that,  in  my  opinion,  the  circumstance  of  its  not  being  affected 
by  any  other  weather  than  snch  ns  is  attended  with  imminent 
danger,  is  the  strongest  argument  that  can  be  adduced  for  its 
being  particularly  valuable  in  those  regions.  In  high  latitudes 
the  experienced  eye  and  judgment  of  the  sailor  prove  a pretty 
correct  substitute  for  a barometer  ; but  tbe  tropical  hurricane, 
like  llic  wolf  in  the  fable,  always  comes  on  when  least  expected, 
so  far  as  appearances  are  concerned,  and  therefore  the  baro- 
meter is  the  only  guide  to  be  safely  confided  in.  My  conclu- 
sion  then  is,  after  many  years’  experience  of  the  navigation  of 
those  sens,  as  well  as  from  theory,  that,  whenever  the  baro- 
meter is  observed  to  fall  suddenly  and  considerably  any  where 
within  the  tropics,  it  may  he  considered  indubitable,  that  an 
uncommon  degree  of  rarefaction  of  that  pari  of  the  atmo- 
sphere is  in  progress,  nnd  that  it  will  inevitably  be  fullnned  by 
a violent  reaction.  Not  r moment,  therefore,  is  to  be  lost  in 
bringing  the  ship  to  wind,  nnd  preparing  her  for  n storm  ; 
from  that  moment  the  ship  has  passed  the  circumference  of  a 
circle,  the  centre  of  which  is  the  centre  of  danger,  inasmuch  as 
it  is  the  centre  of  the  atmospheric  expansion.  I think  1 may 
fairly  conclude,  that  the  barometer  will  infallibly  indicate  the 
approach  of  a hurricane  within  the  tropics,  aud  that  where  the 
storm  commences,  there  will  it  first  subside,  and  there  will  it 
be  most  moderate;  and  if  this  be  the  truth,  one  would  almost 
think  it  were  an  instrument  placed  by  Providence  in  the  hands 
of  sailors  to  warn  them  of  their  danger;  for  if  they  are  to  pro- 
ceed in  their  course,  in  defiance  of  such  warning,  the  baro- 
meter might  as  well  he  on  shore.  The  sailor  is  an  amphibious 
animat,  and  there  being  something  peculiar  in  the  disposition 
of  animals  which  partake  of  a twofold  nature,  I recommend,  in 
conclusion,  that  those  gentlemen  and  ladies  from  the  East, 
who  have  recourse  to  our  salubrious  climate  for  the  purpose  of 
repairing  their  shattered  constitutions,  should  never,  but  when 
iloaunot  be  avoided,  engage  a passage  in  a ship  that  is  not 
possessed  of  one,  and  that  they  should  keep  guard  over  its 
silent  salutary  warnings  themselves.” 

HUSBAND  and  WIFE,  usually  termed  baron  and  feme,  are 
one  person  in  law;  that  is,  the  very  being  or  legal  existence  of 
the  woman  is  suspended  during  the  marriage ; or,  at  least,  is 
incorporated  and  consolidated  into  (bat  of  the  husband,  under 
whose  wing,  protection,  and  cover  she  performs  every  thing; 
she  is  therefore  called,  in  our  law,  (Frcneh,)  a feme  covert, 
that  is,  under  the  protection  and  influence  of  her  husband,  her 
baron,  or  lord  ; and  her  condition,  during  her  marriage,  is 
culled  her  coverture.  A man  cannot  grant  lands  to  his  wife 
during  the  coverture,  nor  any  estate  or  interest  to  her,  nor 
enter  into  covenant  with  her;  but  he  may,  by  bis  deed,  cove- 
nant with  others  for  her  use.  as  for  her  jointure,  or  tho  like; 
and  he  may  give  to  her,  by  devise  or  will,  because  the  devise 
or  will  docs  not  tako  effect  till  after  his  death.  All  deeds 
executed  by  the  wife,  and  acts  done  by  her  during  her  cover- 
ture, are  void  ; except  a fine,  or  the  like  matter  of  record,  in 
which  case  she  must  be  solely  and  secretly  examined,  that  it 
may  be  known  whether  or  not  her  act  be  voluntary.  A wife  is 
so  much  favoured,  in  respect  of  that  power  and  authority  which 
her  husband  has  over  her,  that  she  shall  not  suffer  any  punish- 
ment for  committing  a bare  theft,  in  company  with  or  by  coer- 
cion of  her  husband  : but  if  she  commit  a theft  of  her  own 
voluntary  act.  or  by  the  bare  command  of  her  husband,  or  be 
guilt)  of  treason,  murder,  or  robbery,  in  company  with  or  by 
coercion  of  her  husband,  sbe  is  punishable  as  much  as  if  she 
were  sole ; because  of  the  odiousness  and  dangerous  conse- 
quence of  these  crimes.  By  marriage,  the  husband  hath  power 
over  his  wife’s  person  ; and  the  courts  of  law  still  permit  a 
husband  to  restrain  a wife  of  her  liberty,  in  case  of  any  gross 
misbehaviour ; hut  if  he  threaten  to  kill  her,  Ike.  she  may  make 
him  find  security  of  the  peace,  by  suing  a writ  of  supplicant  out 
of  Chancery,  or  by  preferring  articles  of  the  peace  against  him, 
in  the  court  of  King's  Bench,  or  she  may  apply  to  the  spiritual 
court  for  a divorce,  on  account  of  cruelty.  The  husband,  by 
marriage,  obtains  a freehold  in  right  of  his  wife,  if  bo  takes  a 
woman  to  wife  that  is  seised  of  a freehold ; and  he  may  make 
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n lease  thereof  for  twenty-one  yours,  or  three  lives,  if  it  be 
made  according  to  the  statute  32  Henry  VIII,  c.  28.  The 
husband  also  gains  a chattel  real,  as  it  term  for  years,  to  dis> 
pose  of,  if  he  please,  by  grant  or  lease  in  her  lifetime,  or  by 
surviving  her : otherwise  it  remains  with  the  wife;  and  upon 
execution  for  the  husband's  debt,  the  slur  iff  may  sell  the  term 
during  the  life  of  the  wife.  The  husband  aKo,  by  the  marriage, 
hath  an  absolute  gift  of  all  chattels  personal,  in  possession  of 
the  wife  in  Iter  own  right,  whether  he  survives  her  or  not,  Uut 
if  these  chattels  personal  are  c/wet  in  acti  n.  that  is,  things 
to  be  sued  for  by  action,  ns  debts  by  obligation,  contract,  or 
the  like,  the  husband  shut]  not  have  them,  unless  be  and  his 
wife  recover  them. 

By  custom  in  London,  a wife  may  carry  on  a separate  trade ; 
and  as  such,  is  liable  to  the  statutes  of  bankruptcy,  with  re- 
spect to  the  goods  in  such  separate  trade,  with  which  the  hus- 
band cannot  intermeddle.  If  the  wife  be  indebted  before 
marriage,  the  husband  is  bound  afterwards  to  pay  the  debt, 
living  with  the  wife;  for  he  has  adopted  her  and  her  circum- 
stances together;  hut  if  the  wife  die,  the  husband  shall  not  be 
charged  for  the  debt  of  his  wife  after  her  death ; if  the  creditor 
of  the  wife  do  not  get  judgment  daring  the  coverture.  The 
husband  is  bound  to  provide  his  wife  necessaries,  and  if  she 
contract  for  them,  he  is  obliged  to  pay  for  them  ; but  for  any 
thing  besides  necessaries  he  is  not  chargeable:  and  also,  if  a 
wife  elope,  and  live  with  another  man,  the  husband  is  not 
chargeable  even  for  necessaries ; at  least  if  the  person  who 
furnish  them  be  sufficiently  apprised  of  her  elopement.  A man 
having  issue  by  his  wife,  bom  alive,  shall  be  tenant  by 
courtesy  of  all  the  lands  in  fee-simple,  or  fee-tail  general,  of 
which  she  shall  die  seised  ; and  after  her  death,  he  shall  have 
all  chattels  real ; as  the  term  of  the  wife,  or  a lease  for  years 
of  the  wife,  and  all  other  chattels  In  possession  ; and  also  all 
such  as  are  of  a mixed  nature,  (partly  in  possession  and  partly 
in  action,)  as  rents  in  arrear,  incurred  before  the  marriage  or 
after;  but  things  merely  in  action,  as  of  a bond  or  obligation 
to  the  wife,  he  can  only  claim  them  as  administrator  to  his 
wife,  if  he  survive  her.  If  the  wife  survive  the  husband,  slie 
shall  have  for  her  dower,  the  third  pArt  of  nil  his  freehold 
lands:  so  she  shall  have  her  term  for  years  again,  if  he  have 
not  altered  the  property  during  bis  life:  so  also  she  shall  have 
again  all  other  chattels  real  and  mixed  ; and  so  things  in  action, 
as  debts,  shall  remain  to  her,  if  they  were  not  received  daring 
the  marriage : but  if  she  elope  from  her  husband,  and  go  away 
with  her  adulterer,  she  shall  lose  her  dower : unless  her  hus- 
band bad  willingly,  without  coercion  ecclesiastical,  been  recon- 
ciled to  her,  and  permitted  her  to  cohabit  with  him — H'aMm#’* 
Cyclopedia. 

Husband,  Skip's,  the  owner,  who  Likes  the  direction  ami 
. mnnagement  of  a ship's  concern  upon  himself,  the  other  owners 
paying  him  a commission  for  his  trouble. 

HUSBANDRY,  or  Agriculture,  is  the  science  which 
explains  the  means  of  making  the  earth  prodace,  in  plenty  and 
perfection,  those  vegetables  which  arc  necessary  to  the  sub- 
sistence of  man,  and  of  the  animals  reared  by  him  for  food  or 
labour.  To  explain  the  various  branches  of  this  important 
article  would  require  a volume,  or  an  extended  account  wbicb 
our  pages  cannot  admit  To  the  agriculturist  we  would  recom- 
mend Townes'*  Fanner's  Directory,  as  a work  repleto  with 
valuable  information. 

HUSTINGS,  a court  held  before  the  Lord  Mayor  and  Aider- 
men  of  London.  Error  on  attaint  lies  there  of  a false  verdict 
In  the  sheriff's  court. 

HUYGENS,  a very  celebrated  Dutch  mathematician  and 
astronomer,  who  nourished  in  the  17th  century.  Me  has  been 
chiefly  distinguished  for  making  improvements  in  the  telescope, 
the  air  pumps,  and  pendulums. 

IIY.ENA,  In  Natural  History,  an  animal  remarkable  for  its 
no  tameable  ferocity.  It  is  chiefly  an  inhabitant  of  the  most 
solitary  regions  of  (he  torrid  zone. 

HYUEJtNACULUM,  that  part  of  the  plant  which  defends 
the  embryo  plant  from  injuries  during  winter. 

HYDRA  Polypes,  in  Natural  History,  a genus  of  the 
vermes  zoopbyta  class  and  order  ; an  animal  fixing  itself  by  the 
base,  linear,  gelatinons,  naked,  contractile,  and  furnished  with 
setaceous  feeders;  inhabiting  fresh  waters,  and  producing  its 


deciduous  offspring  or  eggs  from  the  sides.  There  are  five 
species.  When  a po.ype  is  cat  transversely,  or  longitudinally, 
into  two  or  three  parts,  each  part  in  a short  time  becomes  a 
perfect  Animal ; And  so  great  is  this  proliflo  power,  that  a new 
animal  wilt  be  produced  even  from  a small  portion  of  the  skin 
of  the  old  one.  If  the  young  ones  be  mutilated  while  they 
grow  upon  the  parent,  the  parts  so  cut  off  will  bo  reproduced; 
and  the  same  property  belongs  to  the  parent.  A truncated 

Kortiou  will  send  forth  young  ones  before  it  has  acquired  a new 
cad  and  tail  of  its  own,  and  sometimes  the  bead  of  the  young 
one  supplies  the  place  of  that  which  should  have  grown  out  of 
the  old  one.  If  we  slit  a polype  longitudinally  through  the 
bend  to  the  middle  of  the  body,  we  shall  have  one  formed  with 
two  heads ; and  by  again  slitting  these  in  the  same  manner,  we 
may  form  one  with  as  many  heads  as  we  please.  A still  more 
surprising  property  of  these  animals  is,  that  they  may  be 
grafted  together.  If  the  truncated  portions  of  a polype  be 
placed  end  to  end,  and  gently  pushed  together,  they  will  unite 
into  a single  one.  The  two  portions  are  first  joined  together 
by  a slender  neck,  which  gradually  fills  up  and  disappears,  the 
food  passing  from  one  part  into  the  other;  and  thus  we  may 
form  polypes,  not  only  from  different  portions  of  the  same 
animal,  but  from  those  of  different  animals.  We  may  fix  the 
head  of  one  to  the  body  of  the  other,  and  the  compound  animal 
will  grow,  eat,  and  multiply,  as  if  it  bad  never  beeu  divided. 
By  poshing  the  body  of  one  into  the  mouth  of  another,  so  far 
that  their  heads  may  be  brought  into  contact,  and  kept  in  that 
situation  for  some  time,  they  will  at  last  unite  into  one  animal, 
only  having  double  the  usual  number  of  arms.  The  hydra  fuses 
may  be  turned  inside  out  like  a glove,  at  (he  same  time  that  It 
continues  to  eat  and  live  as  before.  The  lining  of  the  stomach 
now  forms  the  outer  skin,  and  the  former  epidermis  constitutes 
the  lining  of  the  stomach. 

Hydra.  Me  Female  Snake,  is  an  immense  constellation  of 
the  Southern  hemisphere,  extending  for  above  100  degrees 
from  the  west  to  east,  beneath  the  Crab,  the  Lion,  and  the 
Virgin.  This  constellation  is  said  to  represent  the  water  ser- 
pent destroyed  by  Hercules.  The  origin  of  the  Celestial  Snake 
is  as  doubtful  as  that  of  the  Crow  or  the  Cup;  for  another 
fable  tell  us  that  Apollo,  intending  to  offer  a sacrifice  to  Jupi- 
ter, sent  a crow  with  a cup  for  some  water;  but  the  bird  having 
amused  itself  otherwise  than  it  had  been  bidden,  and  returning 
without  its  errand,  excascd  itself  to  the  god,  by  affirming  that 
the  stream  into  which  it  wished  to  dip  the  cup  was  guarded  by 
an  enormous  serpent.  Apollo,  to  punish  the  falsehood  of  the 
crow,  placed  it  opposite  to  the  cop,  and  charged  the  serpent 
not  to  allow  it  to  drink. 

The  boundaries  and  contents  of  this  constellation  are : — 
North  by  the  zodiacal  signs  Cancer,  Leo,  and  Virgo ; west  by 
M ounce roa ; south  by  Argo  Navis,  Antlia  Pneumatic#,  and 
Centaurus  ; and  east  by  Lupus  and  Scorpio.  There  are  sixty 
stars  in  this  constellation,  the  chief  of  which  is  Alpbard,  (or 
Cor  Hydra-,)  of  the  2d  magnitude,  three  of  the  3d,  twelve  of 
the  4th,  8tc. 

« Hydra  culminates  at  the  following  hours,  in  astronomical 
time,  on  the  1st  of  every  month  throughout  the  year  : Mcrid. 
alt.  46°  21' 


Month. 

CctJ*.  ( 
bo.  mi.  ate.  f- 

| Month.  | 

Culm.  . 
ho.  mi.  «ec. 

, Mosth. 

Cut*. 

1*0.  r*i.  ace. 

Jao. 

14  SO  4 1 

May 

6 45  26 

Sept. 

22  35  10 

Feb.  i 

IS  18  16  1 

Jim 

4 43  5 

Oet. 

20  47  22 

Mir. 

10  39  35  ] 

Jily 

9 39  19 

Nov. 

IS  31  18 

April  1 

B SO  22  l 

A «*f. 

0 34  39  | 

Dec. 

16  47  30 

HYDRATE,  In  Che  iatry,  expresses  the  chemical  union  of 
water  with  any  substance,  and  especially  with  certain  metallic 
oxides. 


HYDRAULICON,  Water  Organ,  in  Music,  an  instrument 
acted  upon  by  water;  the  invention  of  which  is  said  to  be  of  higher 
antiquity  than  that  of  the  wind  organ. 

HYDRAULICS.  The  science  of  hydraulics  teaches  us  the 
method  of  estimating  the  swiftness  and  force  of  fluids  in  motion. 
Modern  philosophy  has  dignified  this  science  by  the  name  of 
Hydrodynamics,  or  the  application  of  Dynamics  to  the  impul- 
sion and  Dow  of  water  and  other  liquids. 

The  pressure  of  water  against  the  sides  of  vessels  is  in- 
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creased  Iiy  an  increase  of  depth : this  holds  true,  of  water  in 
vessels,  canals,  rivers,  reservoirs,  &c.  and  the  proportion  is  as 
the  square  of  the  depth,  or  altitude.  Upon  Inc  principles  of 
this  science  many  machines  worked  by  water  arc  constructed  ; 
and  several  different  engines  used  in  the  mechanical  arts, 
various  kinds  of  mills,  pumps,  and  fountains,  are  but  applica- 
tions of  this  theory  judiciously  applied. 

The  velocity  with  which  water  spouts  from  a bote  at  the 
side,  or  in  the  bottom  of  a vessel,  is  as  the  square  root  of  the 
depth  or  distance  of  the  hole  below  the  surface  of  the  water ; 
for  in  order  to  make  double  the  quantity  of  a fluid  run  through 
one  hole  as  through  another  of  the  same  size,  it  will  require 
four  times  the  pressure  of  the  other,  and  therefore  the  aperture 
must  be  four  time*  the  depth  of  the  other  below  the  surface  of 
the  water;  and  for  tKio  same  reason,  three  times  the  quantity 
running  in  an  equal  time  through  the  same  sort  of  hole  must 
run  with  three  times  the  velocity,  which  will  require  nine  times 
the  pressure,  and,  consequently,  the  hole  must  be  nine  time*  as 
deep  bcluw  the  surface  of  the  fluid,  and  so  on. 

As  a proof  of  this,  the  follow  ing  experiment  can  be  tried  ; — 
Let  two  pipes  of  equal-sized  bores  bo  fixed  into  the  side  of  a 
vessel,  one  pipe  being  four  times  rs  deep  below  the  surface  of 
the  water  in  the  vessel  a*  the  other  is;  and  while  the  pipes 
ran,  let  water  be  poured  constantly  into  the  vessel  so  as  to 
keep  it  always  full.  Then,  if  a cup  that  holds  a pint  be  so 
placed  as  to  receive  the  water  that  spouts  from  the  upper  pipe, 
and  at  the  same  moment  a cup  that  holds  n quart  be  placed  to 
receive  the  water  from  the  lower  pipe,  both  cups  will  be  filled 
at  the  same  time  by  their  respective  pipes. 

7*o  Construct  a Water  Measure. — When  a stream  of  water 
flows  into  a cistern  just  as  fast  ns  it  is  discharged,  the  fluid 
must  evidently  maintain  a constant  level,  from  which  tho  cele- 
rity is  cas:ly  computed.  Suppose  the  altitude  3 inches,  the 
velocity  oi  discharge  would  be  8 or  4 feet  each  second; 
i.f.  240  feet  a minute.  The  delivery  would,  therefore,  be  n 
cubic  foot  a minute,  if  the  aperture  were  only  the  240th  part  of 
a square  foot,  or  thrcc-fiflhs  of  a square  inch*  This  opening 
corresponds  to  a circle  whose  diameter  is  -874  parts  of  an  inch. 

Thus  wo  have  a standard  measure  for  ascertaining  readily 
the  quantity  of  water  delivered  in  a minute,  &c.  by  any  pipe 
or  conduit.  Let  A B,  in  the  annexed  figure,  bo  a cylinder  of 
tin  4 feet  long  and 
1 foot  diameter, 
fitted  with  a float 
C,  bearing  a slen- 
der dividing  rod, 
which  passes  thro' 
a hole  in  the  tra- 
verse bar  E stretch 
ed  across  the  sum- 
mit of  the  cylin- 
der. This  rod  is 
marked  1,  2,  3,  4, 
at  the  distances  of 
3,  12,  27,  and  48 
inches,  being  the 
fourth  part*  of  the 
squares  of  the  first 
numbers  in  feet. 

The  divisions  may 
likewise  be  quar- 
tered, by  begin- 
ning with  tho  16th 
part  of  3,  12,  27, 
and  48  inches,  and 
continuing  thepro- 
cess  by  multiply- 
ing the  squares  of  3,  , fee.  as  far  as  16  by  3,  and  dividing  the 
product*  again  by  10,  The  cylinder  having  a circular  hole 
with  a fine  edge  cut  in  the  bottom,  and  poised  at  some  dis- 
tance from  the  ground  to  receive  the  current  P,  tho  water 
mounts  gradually  in  the  vessel  till  it  has  gained  an  altitude 
sufficient  to  cause  a discharge  equal  to  tho  whole  influx.  The 
rod  then  indicates  the  number  of  cubic  feet  received  every 
minute. 

But  the  application  of  this  measurer  may  be  extended,  by 


adapting  to  It  a series  of  apertures  which  screw  into  the  bot- 
tom of  the  cylinder.  Let  them  have  successively  these  diame- 
ters in  inches,  ’437 —*874 — 1*748 — and  3*4DG.  The  rod  would 
then  be  square,  and  marked  on  all  its  four  sides  ; the  divisions 
on  the  first  aide  corresponding  to  a discharge  of  J,  J.  J,  and 
one  cubic  feet ; those  on  the  next  to  1,2,3,  4;  those  on  the 
third  side  to  4,  8,  12,  and  16 ; and  those  on  the  fourth  side 
intimating  a flow  of  16,  32,  48,  and  64  cubio  feet  every  minute. 
From  these  data,  it  is  easy  to  construct  other  moduli  suited  to 
particular  limit*.  The  correction  required  in  the  size  of  the 
apertures,  to  accommodate  theory  with  practice,  will  be  after- 
wards explained. 

A cistern  from  which  the  water  trickled  through  a small 
perforation  at  tho  bottom,  was  employed  by  the  ancients, 
under  the  name  of  a clepsifdra  or  water-clock , to  measure  time. 
In  a cylinder  the  flow  would  evidently  diminish,  ns  the  level  of 
the  surface  was  incessantly  lowered*  To  procure  an  uniform 
descent  of  the  water,  it  would  be  necessary  to  adopt  the  figure 
of  a conoid  of  the  parabolic  kind,  each  circuiar  section  of 
which  is  proportional  to  the  square  root  of  the  corresponding 
altitude.  Supposo  this  were  24  feet,  and  the  diameter  at  the 
top  13*28  feet,  the  diameters  of  the  successive  sections  being 
always  six  times  the  fourth  root  of  the  altitude.  The  velocity 
of  cfllux  would  then  bo  8 s/  24  = 3D  1D2  feet  each  second.  If 
the  water  sank  at  the  rate  of  a foot  every  hour,  the  width  of 
the  orifice  would  be  to  the  extreme  diameter,  or  13*28,  as  1 to 
GO  V 3D*  1 92.  This  gives  an  aperture  of  *4*24  parts  of  ao  inch. 
A conoid  of  such  dimensions  would,  therefore,  answer  correctly 
as  a clepsydra,  the  equable  subsidence  of  a float  marking  the 
series  of  twenty-four  hours  in  a natural  day.  This  float  being 
fastened  to  a thread  wound  about  acy  lindrical  barrel,  of  a foot 
in  circumference,  would  carry  the  index  of  a dial  regularly 
round. 

To  shew  the  velocity  with  which  water  spouts  out  at  a hole  in 
the  tide  of  a vessel,  and  the  horizontal  distance  to  which  it  it  thrown. 
— The  horizontal  distance  to  which  a fluid  will  spout  from  a 
horizontal  pipe  in  any  part  of  the  side  of  an  upright  vessel 
below  the  surface  of  the  fluid,  is  equal  to  twice  the  length  of  a 
perpendicular  to  the  side  of  the  vessel  drawn  from  the  mouth 
of  the  pipe  to  a semicircle  described  upon  the  altitude  of  the 
fluid  , and,  therefore,  the  spout  will  be  to  the  greatest  distance 
possible  from  a pipe  whose  mouth  is  at  the  centre  of  the  semi- 
circle; because  a perpendicular  to  its  diameter  (supposed 
parallel  to  the  side  of  the  vessel)  drawn  from  that  point,  is  the 
longest  that  can  possibly  be  drawn  from  nuy  part  of  the  dinwu- 
tcr  to  the  circumference  of  the  semicircle. 

It  is  observed,  that  in  every  length  of  pipe,  answering  to 
50  times  its  diameter,  there  is  a waste  of  power  equal  to  that 
which  produces  the  general  impulsion.  With  a very  gentle 
slope,  a pipe  of  1*682  feet  diameter,  will  give  the  flow  of  a 
single  foot  each  second,  and  a pipe  of  one  foot  wide  will  dis- 
charge only  1*243  cubic  feet  of  water  in  the  same  time. 

Let  two  pipes,  as  C and  y,  of  equal  sized  bores,  be  fixed 
into  the  side  of  the  vessel  A B,  a*  in  tho  following  figure. 


the  pipe  a being  four  times  as  deep  below  the  surface  of  the 
water  at  o in  tbc  vessel,  as  the  pipe  C . and  whilst  these  pipes 
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?uo.  let  water  be  constantly  poured  into  llie  vessel,  to  keep  the 
surface  still  at  the  snroe  height.  Then,  if  a cup  that  holds  a 
pint  be  so  placed  as  to  receive  the  water  that  spouts  from  the 
pipe  C,  and  at  the  same  moment  a cup  that  holds  a quart  be  so 
placed  as  to  receive  the  water  that  spools  from  the  pipe  g , 
both  eups  will  he  filled  at  the  same  time  by  their  respective 
pipes. 

To  illustrate  the  second  division  of  this  proposition,  namely, 
that  the  fluid  will  spout  to  the  greatest  distance  possible 
from  a pipe  whose  mouth  is  at  the  centre  of  the  semicircle, 
we  have  only  to  suppose  the  vessel  A U (sec  the  preceding 
figure)  to  he  full  of  water,  and  the  horizontal  pipe  J>  to  be 
in  the  middle  of  its  side,  and  the  semicircle  St  deb  de- 
scribed upon  D as  a centre,  with  the  radius  or  srmidia- 
meter  DN,  or  1>  ft,  the  perpendicular  D H to  the  diameter 
N Dft  is  the  longest  that  can  be  drawn  from  any  part  of  the 
diameter  to  the  circumference  N td eft.  And  if  the  vessel  be 
kept  full,  the  jet  G will  spout  from  the  pipe  D.  to  the  hnrisontal 
distance  N M.  which  is  double  the  length  of  the  perpendicular 
Dtf.  If  two  other  pipes,  as  C and  E.  be  fixed  into  the  side  of 
the  vessel  nt  equal  distances  above  and  below  the  pipe  D,  the 
perpendiculars,  C <•  and  Br,  from  these  pipes  to  the  semicircle, 
will  be  equal;  and  the  jets  F and  H spouting  from  them  will 
each  go  to  the  horizontal  distance  N K ; which  is  double  the 
length  of  either  of  the  equal  perpendiculars  Cr  or  Re. 

It  is  very  obvious,  that  when  an  aperture  is  made  in  the  side 
of  n vessel  holding  any  fluid,  the  equilibrium  of  hydrostatic 
pressure  is  destroyed,  and  this  force,  which  was  exerted 
equally  all  round  the  inner  surface,  now  ceases  to  act  at  the 
opening,  or  rather  it  expends  its  action  there,  in  projecting  the 
uncovered  portion  of  the  fluid.  The  reaction,  or  incessant 
recoil  sustained  by  the  general  mass,  will  hence  be  the  same 
as  the  external  pressure  of  the  column  of  the  fluid  of  equal  alti- 
tude directed  against  the  section  of  the  orifice.  If  the  vessel 
have  therefore  a cylindrical  form,  and  turn  freely  about  a ver- 
tical axis,  while  it  carries  onder  it  two  horizontal  branches, 
extending  both  ways,  each  of  them  perforated  near  the  end  at 
right  angles  to  their  plane  with  the  axis,  but  in  opposite  sides ; 
the  machine  will  be  driven  backwards  by  the  spouting  fluid, 
and  forced  to  revolve  as  long  as  the  action  snbsists.  The  foroc 
thus  exerted  is  equal  to  the  weight  of  a column  of  the  fluid 
haring  the  general  altitude,  with  the  two  apertures  for  its  base. 
Bat  the  effect  becomes  augmented  in  this  case  by  the  length  of 
the  arms  or  levers  to  which  the  power  is  applied.  This  prin- 
ciple has  been  long  successfully  adopted  in  the  construction  of 
a very  simple  but  efficient  water-mill,  commonly  designated 
Barker's  mill.  It  is  capable,  however,  of  various  other  useful 
and  important  applications,  which  remain  still  to  be  carried 
intocxccutioa. 

The  transition  from  these  principles  to  those  on  which  some 
maritime  phenomena  depend,  is  at  this  place  both  natural  and 
easy.  We  shall,  therefore,  in  the  next  branch  of  thia  article 
proceed  to  illustrate  the  mechanical  principle  of  Whirlpool* 
Thus,  if  a cylindrical  glass  vessel,  as  in  the  figure,  partly  filled 
with  water,  be  pul  on  a whirling 
table,  the  central  depression  of  the 
liquid  will  increase  as  the  circum- 
volution is  accelerated,  while  its 
sides  will  rise  up.  It  will  then 
divide  at  the  bottom,  and  spread 
more  npwards,  forming  always  a 
parabolic  conoid,  but  with  a di- 
minishing parameter.  If  a thin 
ring  were  applied  round  the  top 
of  the  cylinder,  the  water  in  its 
extreme  celerity  would  cover  the 
in.sidc  of  the  cylinder  with  a stratum  of  almost  equal  thickness 
Suppose  a cylinder  A B,  6 inches  wide  and  16  iocncs  high,  filled 
with  water  to  the  altitude  of  four  inches  : When  the  circumvolu- 
tion is  performed  in  '68",  the  water  is  depressed  an  inch,  the 
central  part  standing  at  3|  and  the  sides  at  4J  : but  when  the 
cylinder  circulates  in  24".  the  cavity  sinks  eight  inches  in  the 
bottom,  and  rises  at  the  sides  to  the  height  of  8 inches.  If  the 
revolution  were  achieved  in  *18",  the  water  would  rise  to  the 
Ups,  leaving  a dry  circle  at  the  bottom  of  the  vessel  of  248 


inches  in  diameter.  Hence,  as  we  have  said,  the  origin  of  dim- 
ples on  the  surface  of  small  streams,  and  of  whirlpools  in 
mighty  rivers  and  narrow  seas.  The  effect  is  produced  by  the 
lateral  attrition  of  adverse  currents,  which  extending  their 
influence  from  the  neutral  point  or  centre  of  equal  and  opposito 
action,  gradually  convert  tbeir  parallel  motions  into  a com- 
bined system  of  circumvolution.  Suppose  each  current  had 
a velocity  of  0 miles  an  hour,  or  13*2  feet  each  second, 
and  the  radius  of  the  whirlpool  to  be  100  feet ; the  time  of  cir- 
culation would  then  be  47*0",  and  the  depression  in  the  centre 
of  the  gulf  only  2*72  feet,  the  parameter  of  the  parabola 
being  ;«J72  feet 

When  water  issues  through  a simple  circular  aperture  in  a 
thin  plate,  it  forms  a contracted  vein  of  a conical  or  rather 
tapering  funnel  shape,  its  section  being  reduced  to  very  near 
live-eighth  parts  at  a distance  little  more  than  half  its  diame- 
ter. If  a tube  of  this  figure  be  annexed,  the  quantity  of  dis- 
charge will  come  within  the  thirtieth  part  of  the  result  of  theory, 
as  computed  for  the  exterior  aperture.  But  the  adjutage 
being  directed  upwards,  the  jet  will  rise  to  fourteen-fifteenth 
parts  of  the  w hole  height  of  the  incumbent  column. 

If  to  this  tapered  spout  another  conical  tube  fire  times 
longer,  and  opening  to  the  original  width,  be  joined,  the  dis- 
charge of  water  will  be  augmented  from  21  to  38  parts.  The 
effect  of  the  adjutage  is  now  the  greatest  possible,  the  absolute 
How  from  the  interior  aperture  being  only  40  parts,  according  to 
theory.  This  pipe  widens  at  an  angle  of  about  three  degrees ; 
but  when  the  annexed  piece  diverges  at  a greater  angle,  its 
Influence  becomes  diminished,  and  appears  to  cease  altogether 
at  an  angle  of  sixteen  degrees.  The  stream  has  now  ceased  to 
fill  up  the  wholo  of  the  cavity,  and  is  consequently  no  longer 
augmented  by  adhesion  to  the  sides  of  the  spout. 

The  lateral  action  of  water  flowing  through  a pipe  is  evinced 
in  a more  striking  manner.  Let  a cylinder  one  inch  wide  and 
three  inches  long  he  adapted  to  an  orifice  at  the  bottom  of  a 
cistern  ; and  on  the  upper  side,  at  the  distance  of  half  an  inch 
from  its  origin,  let  a narrow  arched  glass  tube  be  inserted  and 
carried  down  to  a bason  of  water  three  feet  lower.  When  the 
stream  is  projected  with  a velocity  of  nine  feet  in  a second,  it 
will  draw  up  water  to  the  height  of  two  feet ; but  if  the  tube 
be  shortened  within  that  limit,  the  slender  column  will  mix 
with  the  body  of  the  current,  and  soon  drain  the  contents  of 
the  bason.  When  a conical  lube,  opening  with  a considerable 
angle  of  divergence,  is  substituted,  n series  of  slender  glass 
tubes  inserted  at  different  distances  from  the  interior  aperture 
will  be  found  to  raise  the  water  to  several  heights,  which 
diminish  as  the  stream  begins  to  separate  from  the  sides  of 
the  spout. 

This  property  of  running  water  may,  in  various  situations, 
be  turned  to  useful  account.  By  connecting  the  edge  of  the 
stream,  for  instance,  by  means  of  a small  slanting  pipe,  with  a 
collection  of  water  at  a lower  level,  this  will  be  gradually  drawn 
up  and  carried  away  in  the  general  current.  If  a swift  de- 
scending rivulet  be  made  to  shoot  across  any  small  pool,  it  will 
sweep  the  water  over  its  opposite  bank.  Venturi,  to  whom  we 
are  chiefly  indebted  for  these  remarks,  availed  himself  of  the 
rapidity  and  lateral  draught  of  a mill-race,  to  drain  a marsh 
situate  considerably  below  it,  near  the  city  of  Modena. 

The  same  principle  is  likewise  the  principal  cause  of  the 
action  of  the  Hungarian  blowing  machine,  which  consists  of  a 
very  tall  perpendicular  pipe,  terminating  bolow  in  a close  wide 
box.  A stream  of  water  rushes  down  this  shaft,  drawing  along 
w ith  it  the  air  which  enters  the  small  boles  pierced  along  the 
sides,  and  becomes  accumulated  and  condensed  in  the  chamber, 
whence  it  again  issues  in  a powerful  blast  on  opening  a cock. 
The  blowing  and  dispersion  of  the  spray  on  all  sides  from 
water-falls  have  a like  origin.  A body  of  air  is  involved  In  the 
broken  descending  current » collected  in  the  recess  or  broken 
cavity,  it  exerts  us  elastic  efforts  in  every  direction.  The 
adhesion  of  running  water  to  the  sides  of  its  channel  is  also 
the  main  cause  of  those  eddies  which  impedo  the  general 
motion. 

If  a fluid  suffers  impediment  while  escaping  at  a small  aper- 
ture, it  encounters  much  greater  obstruction  in  effecting  its 
passage  through  a train  of  pipes,  or  flowing  over  an  extended 


Digitized  by  Google 


403 


h y d 


DICTIONARY  OP  MECil AN1CA L SCIENCE. 


H Y D 


channel.  This  retardation,  however,  is  quilt*  distinct  in  its 
nature  from  ordinary  friction.  When  a solid  is  drawn  along 
the  surface  of  another  solid  body,  it  is  virtually  made  to  ascend 
over  a series  of  inclined  planes,  and  consequently  the  impedi- 
ment it  meets  with  may  be  viewed  as  merely  equal  to  a cer- 
tain portion  of  its  weight,  independent  of  the  rapidity  or 
slowness  of  the  motion,  llut  a fluid,  in  its  passage  over  a 
resisting  surface,  needs  not  have  its  whole  mass  cither  elevated 
or  depressed.  Those  particles  only  which  come  in  sucression 
to  touch  the  solid  boundary,  are  impeded  and  detained.  The 
pressure  of  the  incumbent  fluid  cannot  alfect  the  other  parti- 
cles, which  are  then  urged  equally  in  every  direction.  The 
loss  of  impulse  which  a current  sustains  from  the  altritiou  of 
the  sides  of  a pipe  or  of  a canal,  is  occasioned  by  the  incessant 
stoppage  of  the  extreme  particles.  This  consumption  of  force 
must  hence  be  compounded  of  the  number  of  particles  arrested 
in  a given  time,  and  of  their  velocity,  and  is  therefore  propor- 
tional to  ihe  square  of  their  velocity.  But  the  rctardatiun  of 
the  current  must  likewise  depend  on  the  extent  of  impeding 
influence,  that  is,  on  the  length  of  the  pipe,  and  on  the  relation 
which  ilic  interior  surface  bears  to  its  wholo  capacity.  But 
the  square  of  the  velocity,  with  which  the  stream  first  issues 
from  the  cistern,  being  proportional  to  the  altitude  of  the  in- 
cumbent column,  a certain  part  only  of  this  constant  inciting 
force  is  employed  in  generating  the  initial  velocity,  while  the 
rest  is  expended  in  renewing  the  velocity  as  fast  as  it  expires, 
along  the  sides  of  the  channel,  or  in  maintaining  through  the  mass 
a general  uniform  flow. 

It  has  been  ascertained  by  experiment,  that  water  has  its 
celority  diminished  eight  times  by  passing  through  a tube  of 
an  inch  in  diameter,  and  204  feet  long.  Of  sixtv-four  parts  of 
compression,  one  part  only  had  therefore  created  the  motion  of 
the  fluid,  while  sixty-three  parts  are  required  to  support  it. 
Tills  motion  is  lienee  renewed  eight  times  during  ihe  passage 
of  the  water,  or  at  the  interval  of  25|  feet  through  the  whole 
extent.  In  each  of  these  successive  transits,  all  the  central 
particles  must  be  thrown  towards  the  sides  of  the  pipe,  whence 
they  are  again  drawn  into  the  body  of  the  stream,  and  there 
aoqulre  new  celerity.  The  celerity  is  lost  and  regained  close 
to  the  interior  surface,  within  a very  small  but  limited  space. 
Wherefore,  from  the  fundamental  principle  of  dynamics,  the 
square  of  the  velocity  acquired  or  extinguished  must  be  as  the 
product  of  Ihe  inciting  force  into  the  limit  of  its  action.  The 
square  of  the  velocity  hence  suffers  a diminution  proportioned 
to  the  extent  of  surfaee  compared  with  the  capacity  of  the  pipe, 
or  it  Is  directly  as  the  length,  and  inversely  as  the  diameter. 
But  the  pressure  of  the  water  has  no  effect  whatever  in  causing 
this  reduction.  Thos,  resuming  the  same  example,  let  the  pipe 
of  an  inch  wide  and  204  feet  long  be  fed  by  a cistern  of  ten 
inches  altitude,  and  the  quantity  of  discharge  noted.  Raise 
this  cistern  now  to  twenty  inches,  and  torn  up,  by  a soft  bend, 
the  farther  extremity  to  the  height  of  ten  inches,  and  the  cor- 
responding flow  will  be  still  the  same.  Increase  the  altitude 
of  the  cistern  to  one  hundred  inches,  while  the  remote  end  is 
bent  with  an  elbow  to  the  height  of  ninety  inches,  leaving  still 
the  same  excess  or  exciting  force,  and  the  quantity  of  discharge 
will  be  found  not  to  vary. 

Fluids  by  their  pressure  may  be  conveyed  over  hills  and 
valleys  in  bended  pipes,  to  any  height  not  greater  than  the 
lovcl  of  the  springs  whence  they  flow.  Of  this  fact,  the 
ancients  were  altogether  ignorant.  The  expedient  of  atpteducte, 
(vast  rows  of  arches,  one  above  another  between  two  hills.) 
was  therefore  resorted  to  at  an  enormous  expense,  both  of 
money  and  labour,  in  order  to  convey  water  across  the  valley 
beneath. — But  we  have  already,  under  the  word  Aqueduct,  said 
so  roach  on  the  conduit  of  water,  that  we  shall  here  confine 
ourselves  chiefly  to  the  modern  method  or  laying  down  service 
pipes  for  the  supply  of  water  to  cities. 

The  pressure  of  fluids  affords  the  means  of  conveying  them 
from  one  place  to  another,  although  considerable  inequalities 
In  the  surface  of  the  ground  intervene  between  the  places. 
Water,  for  example,  may  be  conveyed  from  a reservoir  across 
a valley,  or  to  any  distance,  cither  by  means  of  open  canals, 
aqueducts,  or  closed  pipes,  provided  the  reservoir  be  situated 
somewhat  higher  than  the  level  of  the  place  at  which  it  is 
wanted. 


Thus,  suppose  there  is  a spring  at  A,  on  one  side  of  the 
valley  D,  as  in  the  annexed  figure,  and  a house  on  the  other, 
at  which  the  water  of  the 
spring  is  wanted ; if  the 
house  is  found  to  be  lower 
than  Ihe  spring,  the  water 
may  be  conveyed  to  it  by 
an  iron  or  leaden  pine, 
proceeding  from  the  spring 
across  the  valley,  as  in  the 
figure. 

The  depth  of  the  valley  most;  however,  be  taken  into  consi- 
deration. in  order  to  make  the  pipe  of  sufficient  strength  to 
resist  the  pressure  of  the  water,  which  depends  entirely  on  its 
depth.  If  the  lowest  part  of  the  valley  bo  considerably  under 
the  spring,  the  pipe  must  be  made  very  strong  at  the  lowest 
part,  or  else  it  will  burst. 

When  an  uninterrupted  declivity  cannot  bo  obtained,  it  is 
necessary  to  employ  pipes,  which  may  be  bent  upwards  or 
downwards  at  pleasure,  provided  that  no  part  of  them  be  more 
than  thirty-two  feet  above  the  reservoir,  and  when  the  pipe  is 
once  filled,  the  water  will  continue  to  flow  from  the  lower 
orifice  ; but  it  is  best  in  all  such  cases  to  avoid  unnecessary 
angles  ; for  when  the  pipe  rises  and  falls  again,  a portion  of  the 
air,  which  is  always  contained  in  water,  is  frequently  collected 
in  the  angle,  and  very  materially  impedes  the  progress  of  the 
water  through  the  pipe.  When  the  bent  part  is  wholly  below 
the  orifices  of  the  pipe,  this  air  may  be  discharged  by  various 
methods.  The  ancients  used  small  upright  pipes,  called  colum- 
nsrin,  rising  from  the  convexity  of  the  principal  pipe  to  the 
level  of  the  reservoir,  and  suffering  the  air  to  escape  without 
wasting  any  of  the  water.  It  may,  however,  frequently  be 
inconvenient  or  impossible  to  apply  a pipe  of  this  kind ; but 
the  same  purpose  may  be  answered,  by  fixing  on  the  pipe  a box 
containing  a small  valve,  which  opens  downwards,  and  is  sup- 
ported by  a float,  so  as  to  remain  shut  while  the  box  is  full  of 
water,  and  to  fall  open  when  any  air  is  collected  in  it.  Thus 
A,  in  the  following  figure,  is  a box  of  this  kind,  with  a valve, 
supported  by  a hollow  ball,  for  letting  out  air  from  pipes,  when 
it  is  below  the  level  of  the  reservoir. 

If  the  pipe  were  formed  into  a syphon,  having  its  flexure 
above  both  orifices,  it  would  be  necessary  to  bend  it  upwards 
at  the  extremities,  in  order  to  keep  it  always  full ; but  in  this 
case  the  accumulation  of  the  air  would  be  extremely  inconve- 
nient, since  it  would  collect  so  much  the  more  copiously,  as  the 
water  in  the  upper  part  of  the  pipe  would  be  more  free  from 
pressure;  and  neither  of 
llic  methods  which  have 
been  mentioned  would  be 
of  anr  use  in  extricating 
R.  It  has  been  usual  in 
such  cases  to  force  a 
quantity  of  water  violent- 
ly through  the  pipe,  in 
order  to  carry  the  air  with 
it ; but  it  might  be  still  simpler  to  have  a pretty  large  vessel  of 
water  screwed  on  to  the  pipe,  which  would  not  be  filled  with 
air  for  a considerable  time,  and  which,  when  full,  might  he 
taken  off  and  replenished  whli  water.  This  contrivance  is 
represented  by  the  figure,  whero  B is  a vessel  of  water, 
screwed  on  for  receiving 
the  air,  to  be  replenished 
with  water  as  it  becomes 
empty. 

When  the  water  from 
a reservoir  is  conveyed 
in  long  horixonlal  pipes 
of  the  same  aperture, 
the  discharges  made  in 
equal  times  are  nearly  in 
the  inverse  ratio  of  the  square  roots  of  the  lengths. 

Thus,  if  there  be  two  pipes  of  the  same  aperture,  one  of 
which  is  40  and  the  other  30  feet  long,  the  discharge  from  the 
former  will  be  to  that  from  the  latter,  as  the  square  root  of  49 
to  the  square  root  of  36,  or  as  7 to  6;  therefore,  the  quantity 
discharged  from  the  shorter  pipe  will  be  f of  that  discharged 
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from  the  longer  one.  It  is  here  supposed,  that  the  pipes  to 
which  this  rule  is  applied,  arc  not  very  unequal  in  length  ; and 
even  then  the  rule  only  affords  an  approximation  not  deduced 
fiom  principle,  but  derived  immediately  from  experiment. 
Bos  mi  t has  given  a table  of  the  actual  discharges  of  water 
ipes,  as  far  as  the  length  of  2340  toises,  or  141*00  English  feet, 
ut  it  is  too  extensive  to  be  inserted  here. 

If  the  quantity  of  water  discharged  by  a pipe  of  a given  1 
length,  be  known  by  experiment,  we  may  find,  by  the  foregoing 
proposition,  the  quantity  discharged  by  a pipe  of  any  other 
length.  The  diminution  of  velocity  being  greatest  when  the  | 
head  of  water  is  small,  we  may  conceive  the  head  of  water  to  | 
be  reduced  to  such  a degree,  that  the  velocity  with  which  the  i 
water  enters  the  pipe  is  not  sufficiently  powerful  to  overcome  | 
the  resistance  arising  from  the  friction  upon  the  pipe,  and  the 
mutual  cohesion  of  the  particles  uf  water.  In  order  to  examine 
this  point  cxperimenlully,  M.  Bossut  employed  a head  of  water  1 
only  10  lines,  fiom  which  the  water  flowed  into  two  pipes,  , 
whose  length  wore  a hundred  and  eighty  feet.  In  this  case, 
the  water  was  discharged  in  the  form  of  a nano*  fillet,  and  the  , 
drops  succeeded  each  other  almost  as  if  they  were  insulated 
bodies.  Hence  it  follows,  that  in  order  to  have  a perceptible 
ami  continuous  discharge  from  pipes,  there  should  be  a bead 
of  water  of  about  SO  lines  in  180  feet.  If  the  current  of  water,  i 
liuwcver,  be  very  large,  such  a great  declivity  as  this  will  not  ’ 
be  necessary. 

Pipes  are  usually  made  of  wood,  of  lead,  or  of  cast  iron : but 
commonly  of  lend ; and  of  late  tinned  copper  has  been  cm* 
ployed  with  considerable  advantage.  A pipe  of  lead  will  bear 
the  pressuro  of  a column  of  water  100  feet  high,  if  its  thickness 
be  one-hundredth  of  its  diameter,  or  even  less  than  this;  but 
when  any  alternation  of  motion  is  produced,  a much  stronger 
pipe  is  required  ; and  it  is  usual  to  make  leaden  pipes  of  all 
kinds  far  tbiokcr  than  in  the  above  proportion. 

We  have  already  illustrated  the  velocity  and  discharge  of 
water  through  pipes  and  conduits,  and  noticed  the  retardation 
to  which  the  fluid  is  exposed.  Now,  if  we  conceive  a rectan- 
gular channel  to  have  a section  equal  to  the  circle  of  the  pipe, 
while  its  bottom  and  sides  are  equal  to  the  circumference,  the 
retardation  of  the  current  would  be  exactly  the  same.  Hence, 
the  fourth  part  of  the  diameter  will  be  equal  to  the  quotient 
of  the  section,  by  the  compound  mcasuro  of  its  bottom  and 
sides,  which  is  called  the  mean  hydraulio  depth;  and  hence 
much  less  obstruction  is  encountered  along  an  open  course, 
than  within  a close  pipe,  or  about  three  times  the  square  root 
of  the  depth. 

The  motion  of  a fluid  is  farther  obstructed  by  any  violent 
change  of  celerity  or  direction ; whether  the  channel  be  con- 
tracted or  enlarged,  the  change  is  unavoidably  attended  by  a 
proportional  loss  of  impulsion.  Any  sharp  flexure  of  the  pipo 
or  conduit  will  occasion  a still  greater  waste  of  the  inciting 
force.  The  diminution  of  the  square  of  the  velocity  is  ex* 
pressed  by  the  product  of  that  square  into  the  square  of  tho 
vine  of  the  angle  of  deflexion,  divided  by  the  constant  number 
270.  With  a deflexion  of  30  degrees,  the  velocity  would  there- 
fore lose  only  the  2160th  part ; hut  if  the  tube  branched  off  at 
right  angles,  tire  retardation  would  amount  to  the  640tb  part 
Every  contraction  or  enlargement  of  the  pipes  requiring  a 
corresponding  change  in  the  celerity  of  the  water,  must  like- 
wise create  an  expense  of  force,  though  this  effect  could 
scaroely  be  reduced  to  calculation. 

Water  is  subjeet  in  its  motion  through  pipes  to  another 
impediment,  owing  to  the  air  which  constantly  separates  from 
it  and  collects  in  all  the  upper  sinuosities  of  the  train,  as  already 
noticed.  This  accumulation  is  most  copious  whenever  the 
sopply  of  water  happens  to  be  insufficient  to  fill  the  whole 
extent  of  cavity.  To  remedy  the  defect,  boxes  of  cast  iron  are 
fixed  abovo  the  principal  incurvations  of  the  pipe,  to  receive 
the  compressed  air.  as  represented  in  the  last  figure,  and  by  the 
operation  of  a valve  or  of  a cock,  gradually  to  discharge  it, 
without  allowing  any  of  the  water  to  escape.  Of  such  air- 
vessels,  with  a cylindrical  form,  four  feet  high  and  eighteen 
inches  wide,  fourteen  have  been  made,  for  the  pipes  which 
supply  the  city  of  Edinburgh  with  water.  These  being  screwed 
at  tlie  summit  of  each  dcJivity,  arc  opened,  every  two  or  three 
days,  by  the  surveyor  of  the  works. 
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The  present  supply  of  Edinburgh,  says  Leslie,  is  brought  by 
two  trains  of  ca*>t  iron  pipes:  one  Irom  Green  Craig  to  the 
Cnsllc  Hill,  20,030  feel  long,  and  7 inches  in  diameter,  under  a 
head  pressure  of  -104  feet;  the  other  from  Comiston  to  lleriot's 
reservoir,  13.520  feet  long,  and  5 inches  wide,  under  a load  of 
88  feet.  The  former,  when  fully  charged,  is  found  to  deliver 
40,  and  the  latter  only  10  cubic  feet,  every  minute,  making 
together  66  feet,  which  furnishes  a supply  of  80,640  cubic  feet 
in  the  space  of  twenty-four  hours.  This  amounts  to  scarcely 
three-fifth  parts  of  the  quantity  assigned  by  the  formula-  Tho 
deficiency  must  be  attributed  wholly  to  the  imperfect  execution 
of  those  pipes,  their  uneven  interior  surface,  and  their  frequent 
abrupt  and  sudden  bendings. 

The  waterworks  now  designed  for  the  complete  supply  of 
Edinburgh,  are  conducted  in  a much  finer  style,  and  at  vast 
expense.  The  several  pieces  of  pipe  are  nicely  fitted  together 
by  spigot  and  faucet,  all  the  accidental  prominences  over  the 
inside  being  carefully  removed  by  chiseling.  The  pipes  exhibit 
no  visible  incurvation,  and  they  generally  are  laid  with  a gentle 
uniform  slope,  the  ground  on  which  they  rest  being  lowered  in 
some  places  and  raised  in  others.  From  the  Crawley  Spring 
to  Straifon  March  Fence,  the  distance  is  18,300  feet, with  a fail 
of  66  feet ; and,  in  this  line,  the  pipes  vary  from  20  to  18  inches, 
in  diameter.  The  next  train  has  a diameter  of  only  15  inches, 
but  runs,  with  a fall  of  286  feet,  through  an  extent  of 
27,900  feet,  being  conducted  by  a tunnel  of  360  fathoms  length 
through  Heriot's  Ridge,  and  by  another  of  290  fathoms  through 
the  Castle  Hill,  till  it  reaches  the  level  of  Prince’s-street.  This 
elaborate  system  of  pipes  delivers  nearly  tbe  measure  of  water 
indicated  hy  the  formula. 

It  bag  been  computed,  that  the  quantity  of  rain  which  falls 
annually  over  any  city,  if  carefully  collected  and  deposited  to 
purify  in  cisterns,  would  be  sufficient  for  the  supply  of  the 
inhabitants,  at  least  in  all  the  essential  domestic  and  culinary 
purposes.  Yenice  has  abundance  of  fine  soft  water  procured 
in  this  way ; and  the  store  seldom  fails,  except  in  dry  seasons, 
when  it  is  recruited  from  the  river  Brcnta.  The  root  of  a lofty 
house  in  Paris,  containing  at  an  average  25  lodgers,  might 
deliver  annually  1800  cubic  feet  of  rain  water,  which  would 
furnish  each  individual  daily  tbe  fifth  part  of  a cubic  foot,  or 
about  thirteen  pounds  avoirdupois, — rather  a scantily  provi- 
sion, to  be  sure,  according  to  our  modern  ideas  of  comfort ; yet 
Prony  reckons  ten  litres,  or  tbe  thousandth  part  of  his  modulus, 
as  a sufficient  supply,  amounting  only  to  about  twenty-two 
pounds.  See  tbe  word  Aqueduct  pp.  51 — 63. 

Since,  from  a pipe  of  the  same  diameter,  the  discharge 
in  every  ease  depends  on  the  relation  of  tbe  altitude  of  tho 
source  to  the  length  of  track,  a lower  elevation  may  frequently 
be  preferred  in  conjunction  with  a shorter  train.  The  dimin- 
ished obstruction,  in  such  instances,  compensates  for  the  infe- 
rior pressure.  From  any  point  of  an  inclined  plane,  the  pipe 
would  convey  exactly  an  equal  body  of  water.  In  the  same 
train,  the  quantity  of  discharge  being  as  rf|,  must  increase  in  a 
faster  ratio  than  the  mere  section  of  tho  pipe.  Hence  the 
manifest  advantage  of  employing  large  pipes.  For  the  tame 
reason,  aqueducts  or  open  conduits  are  in  many  situations  to 
be  preferred.  When  these  convey  large  streams  of  water,  the 
attrition  of  the  sides  and  bottom  is  comparatively  small,  and 
they  require  very  little  descent.  Such  durable  structures  nro 
common  in  the  south  of  Europe,  and  often  display  much  archi- 
tectural symmetry  in  their  extended  and  imposing  ranges  of 
arcades. 

Circular  Basins  and  Conduit  Pipes. — These  basins  and  pipes 
bear  a lateral  pressure  proportioned  to  the  altitude  of  tho 
column  ; but  in  consequence  of  tbe  curvature,  this  pressure  will 
occasion  likewise  a longitudinal  strain  or  distention.  And  the 
lateral  pressure  of  the  water  against  each  ring  of  the  cylinder. 

as  io  the  annexed  figure,  BAC,  produces  tho 
same  effect  as  a longitudinal  force  applied  to 
it  equal  to  the  weight  of  a prism  resting  on  a 
base  which  has  the  breadth  of  that  ring,  with 
tbe  radius  O U for  its  thickness.  Hence, 
the  strength  of  tho  cyliudrr  is  in  tbe  com- 
pound ratio  of  the  altitude  of  the  water,  and 
of  its  ow  n radius  or  diameter.  Similar  pipes 
will  therefore  bear  equal  pressures,  tlicir  thickness  being  pro- 
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portioned  lo  the  diameter.  For  example,  a pipe  1 foot  diarae-  ] 
ter,  and  half  an  inch  thick,  will  resist  the  thrust  of  the  same  alti-  I 
tnde  of  water  as  a pipe  of  the  same  materials  2 feet  aide  and  ! 
] inch  thick.  Lead,  however,  ha*  only  one-tenth  of  the  tenacity 
of  cast  iron,  and  therefore  a pipe  of  that  soft  racial  will,  in 
similar  circumstances,  require  lo  have  ten  times  greater  thick* 
ness  in  proportion  to  its  diameter,  than  one  of  iron.  Such  is 
the  case  with  n pipe  of  elm,  while  one  of  freestone  would  rrquire 
to  have  its  thickness  doubled.  A pipe  of  cast  iron.  15  inches 
diBmetcr.and  | inch  thick,  w ill  bear  a pressure  equal  to  000  fpet 
in  altitude;  and  a pipe  nf  the  same  diameter,  but  1$  inch  thick, 
will  hear  a pressure  or  strain  of  1000  feet,  the  cohesion  of  cast 
iron  being  (WOO,  or  in  its  greatest  reduced  state  2000  lbs. 

A very  proper  way  to  try  the  strength  of  such  cast  iron  pipes 
is,  by  means  of  a large  forcing  pump,  and  every  pipe  of  the 
above  dimensions  that  would  not  bear  the  pressure  of  a column 
of  water  respectively  of  Iho  altitudes  of  400  and  800  feet, 
ought  to  be  rejected  as  betraying  (laws,  and  being  unsafe. 

A pipe  of  lead  4J  diameter,  and  } of  an  inch  thick,  sustained 
only  the  thrust  of  172  feet  in  height  of  water;  a pipe  of  oak 
15  mrh  bore  diameter,  and  2 inches  thick,  will  sustain  a column 
of  water  only  170  feet  high,  the  cohesion  of  oak  being  2316  lbs. 
The  cohesion  of  Portland  stone  is  only  857  lbs.  and  therefore  a 
pipe  1 foot  diameter,  and  1)  inch  thick  of  that  material,  will 
sustain  a pressure  of  only  02  feet ; hence  the  failure  from  frac- 
ture and  chipping,  of  those  handsome  stone  pipes  so  ingeni- 
ously cut  out  of  blocks  of  freestone  in  a series  of  cores,  by  the 
application  of  a circular  saw,  as  in 
this  figure,  where  U U represents 
the  largest  or  first  cut,  OC  the 
bore  of  the  second  cut,  and  O l> 
the  third  pipe  squared  out  of  the 
bock  POUT. 

The  same  principles  regulate  the 
strength  of  a circular  basin  confin- 
ing water.  The  perpendicular 
pressure  against  the  wall  depends 
indeed  merely  on  the  altitude  of 
the  fluid,  without  beiug  affected  by 
the  volume;  but  the  longitudinal 
eflort  of  the  thrust,  or  its  tendency  to  open  the  joints  of  the 
masonry,  is  measured  by  the  radius  of  the  circle.  To  resist 
that  action,  in  very  wide  basins,  the  range  or  course  of  stones, 
along  the  inside  of  the  wall,  must  he  proportionally  thicker. 
On  the  other  hand,  if  any  opposing  surface  present  some  con- 
vexity to  the  pressure  of  water,  the  resulting  longitudinal 
strain  will  now  he  exerted  in  closing  the  joints,  and  consoli- 
dating the  building.  Such  reversed  incurvation  is  hence  gene- 
rally adopted  in  Ihc  construction  of  dams,  the  bend  inwards  of 
the  arc  being  about  the  eightieth  part  of  the  length  of  its  chord, 
while  the  exterior  boundary  is  made  rectilineal. 

The  various  Hy  drnulic  Machines,  ns  the  Syphon,  Archimedes’ 
.Screw,  the  7y mpannrn,  the  Persian  Wheel.  Chain  and  Spiral 
Pumps,  the  Hungarian  Machine,  Fire  Engine,  Hydraulic  it  am. 
the  Danaide,  j*r.  arc  all  described  in  various  parts  of  this  Dic- 
tionary under  their  respective  words. 

HYDROCELE,  in  Surgery,  any  hernia  arising  from  water, 
hut  is  particularly  used  for  such  a one  of  the  scrotum. 

H YDRO  DYN  AM  ICS,  treat  of  the  powers,  forces,  and  veloci- 
ties. of  fluids  in  motion. 

HYDROGEN.  It  had  been  long  known  to  the  chemists,  that 
a vapour  of  air  was  disengaged  during  the  solution  of  cer- 
tain metals  in  muriatic  or  dilute  sulphuric  acid,  that  it  burnt 
at  the  mouth  of  the  phial,  and  if  mixed  with  atmospheric  air, 
exploded  when  kindled  by  a match.  This  substance  forming 
water  when  combined  with  oxygen,  and  being  therefore  the 
radical  of  that  compound,  the  name  hydrogen  was  given  to  it 
at  the  formation  of  the  new  nomenclature.  It  is  always  ob- 
tained from  the  decomposition  of  water,  as  It  cannot,  from  other 
substances  in  which  it  exists,  be  easily  disengaged  in  perfect 
parity.  Some  substance  is  made  to  act  on  water,  wbicb  exerts 
an  attraction  to  the  oxygen,  without  combining  with  tho  hy- 
drogen, when  of  course  the  hydrogen  is  disengaged,  and  passes 
into  the  elastic  form.  If  a coil  of  iron  wire,  or  a quantity  of 
iron  filings,  be  put  into  an  iron  or  coated  glass,  or  earthen  lube 


which  is  placed  across  a small  furnac  , and  surroon’ed  with 
burning  fuel,  so  as  to  be  brought  to  a red  heal,  on  distilling 
water  from  a retort  connected  with  it,  the  vapour,  in  passing 
over  the  surface  of  the  ignit  d iron,  is  decomposed,  ihc  iron 
attracts  its  oxygen,  and  hydrogen  gas  issues  finm  the  extremi- 
ty of  the  tube. 

This  process  is  a troublesome  one,  and  by  the  agency  of  an 
acid,  water  is  decomposed  as  rapidly  by  iron  or  zinc,  at  a natu- 
ral temperature.  Zinc  affords  the  hydrogen  in  tho  greatest 
purity.  One  part  of  it,  in  small  pieces,  is  put  into  a retort,  or 
a bottle  with  a bent  lobe  adapted  to  it;  two  purls  of  sulphuric 
acid,  previously  diluted  with  five  times  its  weight  of  water,  are 
poured  upon  it,  an  effervescence  is  immediately  excited,  hydro- 
gen gas  escapes,  and  is  to  be  collected  in  jars  filled  with  water. 
These  co-operating,  produce  a ternary  combination,  while  the 
hydrogen  gas  is  disengaged.  Hydrogen  gas  is  permanently 
elastic.  When  collected  over  water,  it  is  observed  to  have  a 
peculiar  smell,  slightly  fetid.  It  is  the  lightest  of  the  gases, 
and  indeed  the  lightest  substance  whose  gravity  can  he  ascer- 
tained by  weighing.  Its  specific  gravity  varies  considerably, 
according  to  its  state  with  regard  to  humidity.  When  it  has 
been  transmitted  through  water,  it  is  about  ten  times  lighter 
than  atmospheric  air ; when  it  has  been  received  over  quicksil- 
ver. and  exposed  to  any  substance  w hich  attracts  w ater  strong- 
ly, it  is  near  13  limes  lighter.  It  is  from  this  levity  that  it  was 
applied  with  surer***  to  the  construction  of  balloons. 

After  it  was  first  discovered  that  oxygen  and  hydrogen  gases 
by  combustion  produced  water,  the  French  chemists,  to  verify 
the  experiment,  made  an  immense  reservoir  of  oxygen  gas,  and 
another  of  hydrogen  gas,  and  caused  a small  slream  from  each 
to  meet  and  inflame,  and  so  to  continue  for  several  days.  Tho 
result  was  a large  quantity  of  excellent  water. 

The  chemical  property  by  which  hydrogen  gas  is  most  emi- 
nently distinguished,  is  its  great  inflammability.  When  an 
Ignited  body  is  approached  lo  it  in  contact  with  the  atmo- 
sphere, it  is  immediately  kindled,  and  continues  to  burn 
while  the  air  is  admitted;  if  previously  mixed  with  atmo- 
spheric air,  and  a burning  body  approached  to  tho  mixture,  or 
an  elcelric  spark  sent  through  it,  it  instantly  inflames  with 
detonation;  and  when  it  has  been  mixed  with  oxygen  gns,  the 
detonation  is  more  violent.  Though  hydrogen  gas  tie  inflam- 
mable, it  is  incapable  of  supporting  tho  combustion  of  other 
inflammables.  This  gas  is  incapable  of  supporting  animal  life 
by  respiration;  an  animal  immersed  in  it  is  soon  killed.  At 
the  same  lime,  it  does  not  appear  to  be  so  positively  deleteri- 
ous as  the  other  noxious  gases.  Rosier,  even  after  expelling 
the  air  from  the  Inng*.  breathed  hydrogen  gns  for  several 
respirations.  It  is  not  noxious  to  vegetable  life;  at  the  same 
time,  it  appears  lo  contribute  little  to  the  nourishment  of  plants. 

Hydrogen  gas  is  so  sparingly  soluble  in  water,  that  when 
agitated  with  it,  it  suffers  no  perceptible  diminution  of  volume. 
The  aflinilics  of  hydrogen  seem  principally  exerted  towards 
inflammable  bodies.  Hydrogen  gas  is  found  collected  often  in 
mines,  derived  probably  from  the  decomposition  of  water  by 
metals;  it  is  known  to  the  miners  by  the  name  of  (ire  damp, 
and  is  often  the  cause  of  accidents  front  exploding  on  the 
approach  of  an  ignited  body.  It  is  also  extricated  from  stag- 
nant water,  and  from  marshy  situations,  from  the  stow  decom- 
position of  vegetable  and  animal  substances.  From  its  levity  it 
has  been  supposed  that  the  quantity  of  it  thus  produced  at  the 
surface  of  the  earth,  will  rise  through  the  atmosphere  and 
occupy  the  higher  regions ; and  on  its  presence,  some  of  the 
phenomena  of  meteorology,  particularly  the  sodden  appear- 
ance of  some  fiery  meteors,  have  been  supposed  to  depend. 

HYDROGRAPHY,  the  art  of  measuring  and  describingtho 
sea,  rivers,  lakes,  and  canals. 

HYDROMETER,  an  instrument  for  measuring  the  density, 
gravity,  flee,  of  water  and  other  liquids ; that  which  is  designed 
simply  for  ascertaining  the  specific  gravity  of  different  waters, 
is  more  commonly  called  an  Areometer,  or  watcrpoisc;  the 
term  hydrometer  being  more  commonly  employed  to  denote  an 
instrument  for  measuring  the  specific  gravity  of  spirits,  Ihoogb 
it  is  sometimes  osed  indifferently  for  either. 

Mr.  Clarke  constructed  an  hydrometer,  shewing  whether  any 
spirits  be  proof,  or  above  or  below  proof,  and  in  what  degree. 
This  instrument  was  made  of  a ball  of  copper,  (because  ivory 
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iiubibes  spirituous  liquors,  and  glass  is  apt  to  break,)  to  which 
is  soldered  a brass  wire  about  a quarter  of  an  inch  thick  ; 
upon  this  wire  is  marked  the  point  to  which  it  exactly  sinks  in 

Sroof  spirits ; as  also  two  other  marks,  one  above  and  one 
elow  the  former,  exactly  answerable  to  one  tenth  above  proof 
and  one  tenth  below  proof.  There  are  also  a number  of  small 
weights  made  to  add  to  it,  so  as  to  answer  to  the  other  degrees 
of  strength  besides  those  above,  and  for  determining  the  speci- 
fic gravity  of  different  fluids. 

Dr.  Desaguliers'  hydrometer  determines  the  specific  gravities 
of  different  waters  to  such  a degree  of  nicety,  that  it  shews  when 
one  kind  of  water  is  but  the  40,000  part  heavier  than  another. 
It  consists  of  a hollow  ball  of  about  three  inches  in  diameter, 
charged  with  shot  to  a proper  degree,  and  having  fixed  in  it  a 
long  and  very  slender  wire,  of  only  the  40th  part  of  an  iooh  in 
diameter,  and  divided  into  tenths  of  inches,  each  tenth  answer- 
ing to  the  40,000th  as  above. 

Nicholson  made  an  improvement  by  which  the  hydrometer  is 
adapted  to  the  general  purpose  of  finding  the  speeific  gravity 
both  of  solids  and  fluids. 

A is  a hollow  hall  of  copper.  B a dish  affixed  to 
the  ball  by  a short  slender  stem  I> ; C is  another  II O 

affixed  to  the  opposite  side  of  the  ball  by  a kind 
of  stirrup.  lu  the  instrument  actually  made,  the  / jjj  A 
strm  1)  is  of  hardened  steel  A of  an  inch  in  diameter,  1 vjfc, 
and  the  dish  C is  so  heavy  as  ia  all  cases  to  keep  Vtjt/ 
the  stem  vertical  when  the  instrument  is  made  to 
float  in  any  liquid.  The  parts  are  so  adjusted,  that  A, 
the  addition  of  1000  grains  in  the  upper  dish  B,  L/^r 
will  just  sink  it  in  distilled  water,  at  the  tempera-  ^ 
ture  of  OOP  of  Fahrenheit's  thermometer,  so  far  that  the  surface 
shall  intersect  the  middle  of  the  stem  1>.  Let  it  now  be 
required  to  find  the  specific  gravity  of  any  fluid.  Immerse  the 
instrument  in  it,  and  by  placing  weights  in  the  dish  B cause  it 
to  float,  so  that  the  middle  of  its  stem  1>  shall  be  cat  by  the 
surface  of  the  fluid.  Then,  as  the  known  weight  of  the  instru- 
ment, added  to  1000  grains,  is  to  the  same  known  weight  added 
to  the  weight  used  in  producing  the  last  equilibrium,  so  is  the 
weight  of  a quantity  of  distilled  water  displaced  by  the  floating 
instrument,  to  the  weight  of  an  equal  bulk  of  the  Quid  under 
examination.  Ami  these  weights  are  in  the  direct  ratio  of  the 
speeific  gravities. 

Again,  let  it  be  required  to  find  the  specific  gravity  of  a solid 
body,  whose  weight  Is  less  than  1000  grains.  Place  the  instru- 
ment in  distilled  water,  an  i pat  the  body  to  the  dish  B.  Make 
the  adjustment  of  sinking  the  instrument  in  the  middle  of  the 
stem,  by  adding  weight  in  the  same  dish.  Subtract  those 
weights  from  HUM)  grains,  and  the  remainder  will  be  the  weight 
of  the  body.  Place  now  the  body  in  the  lower  dish  C,  and  add 
more  weight  in  the  upper  dbh  fl,  till  the  adjustment  is  again 
obtained.  The  weight  last  added  will  be  the  loss  the  solids 
sustsia  by  immersion,  and  is  the  weight  of  an  equal  bulk  of 
water.  Consequently  the  specific  gravity  of  the  solid  is  to  that 
of  water,  as  the  weight  of  the  body  to  the  loss  occasioned  by 
the  immersion.  This  instrument  was  found  to  be  sufficiently 
accurate  to  give  weights  true  to  less  than  one- twentieth  of  a 
grain. 

HYDROPIIILUS,  in  Natural  History,  a genus  of  insects  of 
the  order  ofooleoptera,  that  inhabit  poods  and  stagnant  waters, 
where  they  swim  with  much  dexterity  ; tney  fly  abroad  by  night 
in  search  of  other  waters. 

HYDROPHOBIA,  an  aversion  or  dread  ofwater;  a terrible 
symptom  of  the  rabies  caoioa. 

IIYDROSCOPB,  an  instrument  anciently  used  for  the  mea- 
suring id  lime.  The  hydroseope  was  a kind  of  water  clock, 
consisting  of  a graduated  cylindrical  tube,  corneal  at  the  bot- 
tom, or  marked  out  with  divisions,  to  which  the  top  of  the  water 
becoming  successively  contiguous  as  it  trickled  out  of  tho  vor- 
tex of  the  cone,  pointed  out  the  hour. 

HYDROSTATICS,  is  the  science  which  treats  of  the  mecha- 
nic:! I properties  of  fluids.  Strictly  speaking,  the  weight  and 
equilibrium  of  fluids  at  rest,  arc  the  objects  of  this  science. 
When  (be  equilibrium  is  destroyed,  motion  ensues:  and  the 
science  which  considers  the  laws  of  fluids  in  motion,  is  hy- 
draulics. 

A fluid  is  a body  whose  parts  yield  lo  nny  impression,  and  in 


yielding,  are  easily  moved  against  each  other.  Fluids  arc  of 
two  kinds;  non  elastic  and  incompressible  fluids,  such  as 
water,  oil,  mercury,  8tc. : and  elastic  and  compressible  fluids, 
such  as  air  of  different  sorts. 

Modern  philosophers  suppose  that  a certain  portion  of  beat, 
combined  io  some  way  or  other  with  bodies,  occasions  fluidity, 
and  that  the  relative  portions  of  heat  contained  in  fluids  and 
solids,  is  the  cause  of  the  difference!  between  them.  And  it  is 
from  the  imperfect  cohesion  of  fluids,  that,  when  in  small 
quantities,  (bey  arrange  themselves  in  a spherical  manner,  and 
form  drops. 

A portion  of  fluid  gravitates  in  another  when  surrounded  by  a 
larger  portion,  in  the  same  way  as  if  it  were  in  air.  Hut  fluids 
have  Ibis  remarkable  property  also,  that  they  press  not  only  in 
common  with  solids  perpendicularly,  but  also  upwards,  side- 
ways, and  in  every  direction  equally.  Take  a glass  tube  open 
at  both  ends,  and  stopping  one  end  with  your  finger,  imirerge 
the  other  in  water.  The  water  will  be  prevented  from  rising 
far  in  the  tube  by  the  air  which  is  contained  in  it;  but  if  you 
take  away  your  finger  from  the  upper  end,  the  air  within  the 
tube  will  be  suffered  to  escape,  and  the  water  will  rise  in  the 
tube  to  the  same  level  as  it  is  in  the  vessel,  being  pressed 
upwards  by  the  surrounding  water.  The  same  effect  will  take 
place,  if  you  incline  the  tube  in  any  direction  ; or  if  you  make 
use  of  tubes  bent  in  any  manner ; still  yon  will  find  that  the  w ater 
w ithin  them  will  rise  to  the  same  height  as  in  the  external  ves- 
sel. From  this  property  it  Is,  that  if  you  bore  a hole  in  the 
side  of  a vessel  filled  with  water,  the  fluid  will  spout  out. 

A fluid  presses  ia  proportion  to  its  perpendicular  height,  and 
the  base  of  the  vessel  containing  it.  without  any  regard  to  the 
quantity  : for  as  fluids  press  equally  in  every  direction,  the 
horizontal  bottom  of  a vessel  sustains  exactly  the  pressure  of  a 
column  of  fluid,  whose  base  is  the  area  of  the  bottom  of  the 
vessel,  and  whose  perpendicular  height  is  equal  to  tbc  depth 
of  the  fluid. 

The  pressure  exerted  against  the  bottom  of  a vessel  is  in 
nowise  augmented  by  its  spreading  shape.  Thus,  in  the  vessel 
AB,  fig.  1,  (be  bottom  BC  sustains  a pressure  equal  to  the 

Fig.  1.  Fig.  ^ 


column  whose  base  is  C B,  and  height  C E.  and  not  as  the  whole 
quantity  of  fluid  contained  in  the  vessel.  Also  in  the  vessel 
F G,  fig.  2.  the  bottom  G II.  sustains  a pressure  equal  to  what 
it  would  be  if  the  vessel  were  as  wide  at  tbe  top  as  it  is  at  the 
bottom. 

This  very  singular  and  important  conclusion,  that  tbe  prrs- 
sure  of  a liquid  upon  the  bottom  of  any  vessel  depends  merely 
on  its  altitude  and  the  surface  of  its  base,  might  be  derived 
from  simpler  but  indirect  considerations.  Suppose  the  por- 
tion of  a liquid,  which  encircles  the  vertical  cylinder  FCB, 
(as  in  the  annexed  figure.)  to  be  frozen  or 
Ju  converted  into  n solid  substance,  hut  without 
changing  its  density  ; the  pressure  of  this 
congealed  mass  would  evidently  conlinuc 
the  same  as  before,  and  thcroforc  the  bot- 
tom has  only  to  sustain  the  weight  of  tbu 
cylindrical  column  which  rests  immediately 
upon  it.  If  tbe  lateral  icc  were  again  melt- 
ed, it  would  assume  its  horizontal  thrust, 
which  could  not  alter  tbe  vertical  pressure 
of  the  liquid.  In  like  manner,  if  FG  M were 
a cylinder  of  liquid  resting  upon  a circular 
base,  and  the  portions  POK,  L H O about 
the  sides  were  rendered  solid  or  congealed,  without  allcratiou 
of  density,  the  remaining  portion  GKLM  will  evidently  exert 
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the  tame  pressure  as  before  : and  the  incurred  sulci  KG.LH 
produce  an  effect  analogous  to  the  load  of  the  supposed  frozen 
masses  FGK,  LHO. 

Suppose  any  interior  portion  of  a liquid  to  become  solid  ; it 
would  cridentiy  remain  in  the  same  state  of  indiffrrence  or 
equilibrium  as  before.  It  mnst  therefore  be  borne  up  by  the 
vertical  pressure  of  the  tluid  with  a force  ju*t  equal  to  its 
weight,  or  the  weight  of  the  liquid  whose  place  it  occupies. 
Conceive  this  congealed  mass  to  hare  its  gravity  augmented 
or  diminished ; it  must  evidently  bo  polled  downwards  or  up- 
wards by  the  difference  between  this  force  and  the  weight  of 
au  equal  bulk  of  the  liquid.  Substitute  any  solid  body  instead 
of  this  block  of  ice,  and  tk*  loss  of  weight  it  suffers  by  the  immer- 
sion trill  be  equal  to  that  of  the  volume  of  ‘fluid  which  it  displaces. 
This  fundamental  property,  first  detected  by  the  genius  of 
Archimedes,  may  be  demonstrated  by  a stricter  process  of 
reasoning.  Let  a cylindrical  body  FEG  H,  be  plunged  verti- 
cally in  a vessel  C A BP,  filled  with  water  or  any  other  liquid; 
the  lateral  pressure,  acting  equally  around  the  axis,  will  evi- 
dently produce  a complete  balance  of  efforts.  But  the  cylinder 
will  be  pushed  upwards  by  a column  of  fluid  haviug  I E for  its 
altitude,  and  the  circle  E G for  its  base,  and  pressed  down- 
wards again  by  the  circular  column  I F H K.  The  solid  is, 
therefore,  buoyed  up  by  the  excess  of  the  former  force  above 
the  latter,  or  by  the  weight  of  an  equal  cylinder  F E G II  of  the 
liquid.  In  fact,  tbe  solid  body  loses  by  immersion,  just  ns 
much  weight  as  that  of  an  equal  volume  of  tho  surrounding 
fluid;  and,  on  this  principle,  is  founded  the  method  of  ascer- 
taining the  density  of  a body,  or  the  relation  of  its  weight  In 
its  bulk,  which,  in  reference  to  some  common  standard,  is 
termed  its  specific  gravity.  Water,  at  its  state  of  greatest  con- 
traction, is  preferred  as  the  most  convenient  unit  of  compari- 
son, the  density  of  other  bodies  being  reckoned  in  decimal 
parts.  The  Hydrostatic  Balance  is  generally  used  for  this  pur- 
pose. The  substance  to  be  examined  may  be  either  liquid  or 
solid.  The  specific  gravity  of  liquids  is  easily  determined,  by 
means  of  a ball  or  pear-shaped  lump  of  glass  or  crystal,  either 
partlj  hollow  or  loaded.  This  poise,  suspended  by  a hair  or 
fine  thread,  is  weighed  in  raeuo  or  in  air,  then  in  pure  water, 
and  next  in  the  particular  liquid;  the  loss  of  weight  which  it 
suffers  in  water  is  to  its  loss  in  the  fluid  under  trial,  as  unit  to 
the  specific  gravity  of  this  fluid.  Tbe  calculation  is  sometimes 
carried  to  five  places  of  decimals;  though  it  is  seldom  safe  or 
expedient  to  posh  them  beyond  three  figures-  If  the  lump  of  I 
glass  were  ground  to  such  a size  as  to  lose  exactly  a thousand 
or  ten  thousand  grains  in  distilled  water,  no  computation  would 
be  required,  i Is  loss  of  weight,  by  immersion,  indicating  at 
once  the  specific  gravity  of  the  liquid. 

This  leads  to  what  is  called  the  Hydrostatu'al  Paradox, 
which  is,  that  a small  quantity  of  fluid  may  bo  made  to  couu  , 
terpoisc  the  greatest  quantity. 

Thus,  if  to  a wide  vessel  A B,  you  attach 
a tube  C D communicating  with  the  vessel, 
and  pour  water  into  either  of  them,  it  will 
always  stand  at  the  same  height  in  both, 
consequently  there  is  an  equilibrium  be- 
tween them.  And  of  whatever  shape  the 
vessels  are,  the  effect  will  be  the  same. 

This  fact  is  confirmed  by  a variety  of  strik- 
ing experiments,  and  forms  an  essential 
consideration  In  all  water  works.  But  the  principle  extends 
its  influence  to  masonry  ; for  if  the  smallest  quantity  of  water 
should  lodge  to  a considerable  height  in  the  gravel,  sand,  or 
loose  earth,  close  behind  a wall  or  solid  embankment,  it  would 
exert  a lateral  pressure  sufficient  to  push  the  solid  material  t 
from  their  base.  Hence,  a sudden  shower,  great  devastation, 
the  thinnest  vein  of  water  collected  in  a perpendicular  crevice, 
will  split  the  hardest  rock,  and  hurl  the  fragments  to  its  base. 
Thus  hydrostatic  pressure  is  the  silent,  but  irresistible  agent, 
which  nature  employs  in  the  gradual  demolition  of  mountain*. 

A Perpetual  Syphon,  which  possesses  the  faculty  of  making 
liquids  pass  from  one  vessel  to  another,  even  after  the  vessels 
ore  empty  and  the  action  ceases,  lias  two  unequal  arms ; 
after  entirely  plunging  it  into  any  liquid,  in  order  that  it  may 
be  filled,  and  taking  care  that  both  orifices  are  constantly  im- 
mersed, each  extremity  of  the  syphon  is  introduced  into  a small 


vane  or  reservoir,  filled  with  the  same  liquid,  in  which  is  plunged 
each  end  Thus  the  immersion  of  the  two  ends  is  constant ; 
and  the  entrance  of  the  air  and  escape  of  the  liquid  are  equally 
prevented  ; the  syphon,  always  full,  is  in  constant  aclioo,  by 
only  immersing  one  of  its  branches,  without  the  aid  of  air, 
opening  or  shutting  cocks,  &c.  What  is  rcmnrkabie  in  this 
invention,  is  the  fact,  that  as  soon  as  one  vessel  is  empty  it  is 
filled  again  from  the  other ; and  so  on  continually. 

T-he  Hydrostatic  Belloses. — This  instrument  is  perhaps  the 
best  yet  invented  for  demonstrating  the  upward  pressure  of 
fluids,  and  it  is  fully  illustrated  uuder  tbe  word  Billows, 
p.  104. 

Tbe  Hydrostatic  Balance  has  been  already  illustrated ; and 
Specific  (Gravities  were  bandied  under  the  word  Gravity. 

Solid  Bodies  Floating  on  Fluids.— A solid  floating  on  a fluid 
specifically  heavier  than  itself,  will  be  in  equilibrio,  or  will 
rest,  when  it  has  sunk  so  far  that  tbe  weight  of  the  fluid  dis- 
placed is  equal  to  the  weight  of  the  wholo  solid,  and  when  tho 
centres  of  gravity  of  the  whole  solid,  and  of  the  part  immersed, 
are  in  the  same  vertical  line. 

Hence,  every  solid,  specifically  lighter  than  n fluid  which  has 
an  axis  that  divides  it  into  two  similar  and  equal  parts,  when 
placed  in  a fluid  with  its  axis  vertical,  may  sink  to  a position 
in  which  it  will  remain  in  equilibrio;  that  is,  without  turning 
cither  to  the  one  side  or  the  other. 

lu  such  bodies  there  are  always  two  opposite  posilions  of 
equilibrium;  but  there  is  only  one  of  them  in  which  the  body 
can  float  permanently. 

When  tbe  equilibrium  of  a floating  body  is  disturbed,  or 
wlieo  the  centres  of  gravity  of  the  whole,  and  the  part  immersed, 
are  uot  in  the  same  vertical  line,  the  body  will  revolve  on  its 
axis,  fill  it  come  into  the  position  whero  these  two  points  are 
in  the  same  vertical  line. 

There  arc  some  bodies  that  in  every  position  these  two 
points  are  in  the  same  vertical  line.  A homogeneous  sphere, 
or  globe,  is  a body  of  this  kind  ; and  so  is  a cylinder  floating 
with  its  axis  horizontal.  These  bodies  have  no  tendency  to 
maintain  one  position  more  than  another;  and  their  equili- 
brium, or  floating  position,  is  called  the  equilibrium  of  in- 
diff trance* 

Some  floating  bodies,  when  their  equilibrium  is  disturbed, 
return  to  their  steady  position  after  a few  oscillations  back- 
wards and  forwards.  Others,  when  ever  so  little  disturbed,  do 
not  resume  their  former  position,  but  turn  on  their  centres  of 
gravity,  till  they  come  into  another  position,  when  they  are 
agaiu  in  equilibrio.  In  the  first  case  the  equilibrium  is  said  to 
be  stnblc,  m the  latter  case  to  bo  unstable,  and  then  the  body 
is  said  to  overset. 

When  a floating  body  is  mado  to  revolve  from  the  position 
of  equilibrium, .if  the  line  of  support  (that  is,  the  vertical  line 
passing  through  the  centre  of  gravity  of  tbe  immersed  part) 
move  so  as  to  be  on  the  same  side  of  tho  line  of  pressure  (or 
the  vertical  passing  through  the  centre  of  gravity  of  thi*  whole) 
with  the  depressed  part,  the  equilibrium  testable,  and  the  body 
will  resume  its  former  position.  But  if  the  line  of  support  is 
on  tin?  same  side  of  the  line  of  pressure  with  the  elevated  part, 
the  equilibrium  is  unstable , and  the  body  will  overset.* 

When  a floating  body  revolves  about  a given  axis,  the  posi- 
tions of  equilibiiura  through  which  it  passes  are  alternately 
those  of  stability  and  instability:  for  between  a state  in  which 
a body  ha*  a tendency  to  remain,  and  another  in  which  it  has 
also  a tendency  to  remain,  as  these  tendencies  are  opposite  to 
one  another,  there  must  be  an  intermediate  position  in  which 
the  tendency  to  remain  is  equal  to  nothing,  or  the  hody  will 
revolve  on  its  axis. 

If  the  form  and  size  of  a body,  floating  in  a fluid,  b*  known, 
and  its  altitude  above  the  surface,  and  the  specific  gravity  of 
the  fluid  bo  also  known,  its  stability  may  be  calculated. 

Having  given  the  general  principles  of  this  branch  of  science, 
wo  may  explain  in  more  popular  speech  a few  of  the  leading 
characteristics  in  the  dootrine  of  fluids.  First  then,  every  sub- 


• The  centre  of  gravity  of  any  body  it  that  point  opoo  which  the  body, 
when  acted  upon  only  by  the  force  ef  gravity,  will  balance  itaelf  in  all 
pavilion*.  This  will  be  more  folly  explained  when  we  come  to  treat  of 
Mechanic*. 


H Y D 


DICTIONARY  OF  MECHANICAL  SCIENCE. 


If  Y D 


497 


stance  appear*  composed  of  as  assemblage  of  atoms,  con- 
nected together  by  ft  system  of  mutual  attraction  and  repul- 
sion ; in  solids,  the  atoms  resist  every  change  of  figure  ; in 
fluids,  they  yield  to  the  tdighte&t  external  pressure,  because 
tbeir  particles  are  loosely  connected.  A solid  reduced  to  a 
plane  easily  folds  up  in  one  direction  ; if  reduced  to  filaments 
it  will  bend  every  way.  without  breaking;  crumbled  to  dust  or 
povrder,  the  aggregate  particles  submit  to  any  external  im- 
pression. and  evince  no  sympathy  of  concatenation. 

A solid  body,  snbjeetcd  to  a compressing  force,  undergoes  a 
proportional  contraction,  but  recovers  its  volume  after  this 
contraction  is  withdrawn,  lint  if  the  compression  be  urged 
beyond  a certain  limit,  the  substance  will  be  crushed  under  the 
load,  and  will  suffer  n complete  dissolution.  A fluid,  however, 
enclosed  »n  the  chamber  of  a very  strong  metallic  vessel,  is 
found  to  be  capable  of  withstanding  the  greatesl  pressure  «c 
can  command,  though  its  contractions  arc  comparatively  more 
extensive;  and  it  always  returns  with  unimpaired  vigour  to 
its  former  condition,  the  moment  such  external  force  has 
ceased  to  act.  The  constitution  of  a fluid  remains  unaltered 
under  the  most  enormous  loads,  and  it*  several  portions,  at  nil 
times,  separate  and  reunite  with  extreme  facility-  Whether 
the  fluid  has  a liquid  or  Msnmes  a gaseous  form.it  can  equally 
bear  arty  compression,  the  corresponding  contraction  of  the 
bit  ter  being  only  much  greater  than  that  of  the  former. 

If  the  minutest  subdivision  of  a solid  contributes  nothing  to 
fluidity,  neither  will  any  supposed  smoothness  or  globular 
shape  of  the  particles  confer  that  character.  Exact  sphertdes 
might  procure  lubricity  on  a plane,  but.  among  one  another, 
they  w ill  become  implanted,  and  affect  certain  configurations, 
ns  manifested  in  the  common  piling  of  shot.  The  absolute 
contact  of  the  particle*  is  besides  inadmissible,  since  all  bridles 
whatever  serm  to  Le  capable  of  indefinite  condensation. 

But  fluidity  occurs  in  very  different  degrees.  Any  disturb- 
ing impression  is  more  quickly  obeyed  by  one  liquid  than  by 
another:  by  water,  for  instance,  than  by  oil  or  treacle.  Ail 
the  possible  shades  of  softness,  in  fact,  might  often  bo  traced 
from  a solid  to  a fluid  substance.  The  application  of  beat 
generally  promotes  fluidity.  Thus,  horn  s inwinlit  is  a can- 
died or  friable  solid  ; in  the  spring  it  melts  down  ; but  us  the 
summer  advances,  it  gradually  loses  its  viscidity,  and  flows 
more  freely.  Oil  seems  affected  in  the  same  way.  and  hence 
the  prncticc  in  Italy  of  depositing  it  in  ea-sks  for  exportation 
during  the  winter  season,  when  it  is  thickest  and  least  petie-  ! 
trot  ini*.  Hut  water  itself,  and  other  liquids,  not  excepting  ( 
mercury,  have  their  fluidity  likewise  augmented  by  beat,  as  : 
evinced  in  their  quickened  flow  through  capillary  tubes. 

If  nn  angular  bit  of  glass  be  held  in  the  flame  of  a blowpipe, 
it  will  become  gradually  rounded,  ns  the  heat  penetrates  and 
softens  the  mass.  In  tike  manner,  a fragment  of  sealing-wax 
lo.fC'*  its  rough  exterbir,  and  assumes  a regular  curved  surface, 
on  approaching  it  to  the  fire.  Hut  the  centre  of  curvature  is 
the  point  to  which  the  combined  attractions  of  the  outer  range 
of  parUnlos  must  be  directed.  Since  this  point  retire*,  there- 
fore, from  the  surface  with  the  progress  of  soflacs*  to  fluidity, 
the  mutual  connexion  of  the  integrant  molecules  must  be 
exerted  ovrr  a much  greater  extent  iu  fluids  than  in  solid  sub- 
stance*. This  inference  appears  to  ft  Word  likewise  an  expla- 
nation of  the  facility  of  their  internal  motion,  so  conspicuous 
in  liquid*.  When  the  sphere  of  activity  is  confined,  as  iu 
solid*,  to  ft  very  narrow  spot,  a few  particles  only  arc  con- 
nected by  their  sympathetic  tendencies.  Any  internal  dislo- 
cation will  in  thi*  case  require  the  approximation  of  certain 
particle*  and  the  recession  of  oilier*,  which  must  hence  occa- 
sion the  exercise  of  corresponding  repulsive  and  attractive 
force*.  But  these  forces,  being  directed  to  a small  number  of 
centres,  will  constitute  a very  unequal  group.  Incapable  of 
gaining  a smooth  and  graduated  equilibrium.  Every  change 
of  inclination  would  produce  a violent  effort  to  nltain  anew 
position  of  repose.  On  the  other  hand,  when  the  sphere  of 
activity  embrace*  a multitude  of  particle*,  as  in  the  compo- 
sition of  fluids,  the  slightest  mutual  derangement  will  be  suffi- 
cient to  accommodate  every  variation  of  external  impression. 
The  most  minute  deviation  of  each  particle  would,  by  such 
prodigious  repetition,  amount  to  any  required  change  of  direc- 
tion. In  their  dislocations,  the  particles  tire  almost  ancon- 
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strained,  and  need  scarcely  approach  or  recede ; the  reputsiro 
and  attractive  forces  evolved  become  therefore  extremely 
small,  and  by  their  multitude  produce  in  every  position  nearly 
a perfect  counterbalance.  A fluid  is  hence  fitted  to  obey  any 
impression  with  the  utmost  facility. 

But  whatever  may  be  the  system  of  forces  that  connects  the 
fluid  atom*,  the  properties  of  the  compound  are  deducible, 
from  the  absolute  facility  with  wbiob  those  ultimate  particles 
receive  and  transmit  external  impressions.  Suppose  a fluid, 
either  gaseous  or  liquid,  to  be  enclosed  in  a very  broad  and 
extremely  shallow  cylinder  of  glass  or  metal  A B (as  in  the 
annexed  figure,)  at  the  top  of  which  is  inserted  a tall  narrow 

tube  C D of  the  same 
material,  and  having  a 

Slug  or  piston  E nicely 
tted  into  it.  On  push- 
ing down  thi*  piston, 
the  fluid  particles  un- 
der it  will  at  first  give 
way,  and  approach 
closer  to  each  other. 
They  will,  in  conse- 
quence, display  a re- 
pulsive force  propor- 
tional to  this  mutual 
approximation.  Now, 
it  is  easily  seen  that 
points  or  atoms  can  never  be  ranged  through  space  in  perfect 
straight  lines  ; and,  therefore,  the  pressure  will  not  be  confined 
to  the  vertical  column,  bnt  will  insensibly  diverge  in  all  direc- 
tions. The  particle*  at  F will  repel  obliquely  those  at  G or 
at  H,  and  these  again  will  communicate  their  oblique  impres- 
sion to  other  adjacent  particles.  The  whole  stratum  of 
fluid,  from  the  orifice  C to  A and  B,  must  hence  continue  to 
recede  from  the  piston,  and  contract  its  volume,  till  the  in- 
tegrant particles  have  all  attained  the  same  mutual  distance, 
and  exert  the  corresponding  repulsive  energy.  A uniform 
condensation  must  thus  be  diffused  through  toe  mass,  before 
an  equilibrium  can  take  place.  This  condition  obtains  equally 
in  liquids  and  in  gaseous  fluids,  only  the  contraction  produced 
from  a compressing  force,  which  is  so  visible  in  the  former  can 
seldom  be  distinguished  by  ordinary  perception  in  the  latter. 
But  a very  minute  alteration  of  the  volume  of  a liquid  evolves 
as  roorh  force,  as  an  extensive  change  in  the  mass  of  a gase- 
ous fluid. 

The  pressure  exerted  by  the  piston  E at  the  orifice  C i* 
therefore  eqnnlly  diffused  through  the  whole  of  the  fluid  A B, 
every  particle  of  which  acquires  the  same  intensity  of  repul- 
sion. Each  point  on  the  surface  of  the  vessel  must  hence  sus- 
tain an  equal  effort.  If  a wide  cylinder  I K,  fitted  also  with  a 
piston,  were  inserted  at  I.  the  compression  resisted  by  it  would 
be  proportional  to  the  space  of  action  or  the  circle  of  the  orifice. 
On  a supposition  that  the  surface  of  the  piston  I were  ten  limes 
greater  than  that  of  E,  it  would  likewise  support  a load  ten 
times  greater  than  the  pressure  applied  at  E or  C. 

Let  the  piston  I be  now  removed,  while  the  piston  E is  con- 
ceived to  act  as  before.  The  liquid  must  evidently  rise  in  the 

cylinder  I K.  (as  in 
the  annexed  figure.) 
till  its  weight  be- 
come  equal  to  the 
pressure  exerted  at 
the  orifice  I.  In 
like  manner,  if  an- 
other cylinder  L M 
were  inserted,  the 
liquid  would  rise, 
till  its  weight  was 
eqnal  to  the  pres- 
sure at  L.  Bat  the 
pressures  at  I and 
L being  proportional  to  those  orifices,  or  the  circular  sections 
of  tbc  cylinders  I K and  L M,  tbe  altitudes  I K and  L M of  the 
columus  themselves  must  be  equal.  If  a cylinder  N O were 
inserted  obliquely,  tbe  liquid  would  still  rise  to  tbe  same  level; 
for  in  this  case,  the  column  being  partly  sustained  by  the  under 
<i  L 
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side,  it*  weight  would,  from  (be  property  of  the  inclined  plane, 
be  to  its  pleasure  at  N,  as  the  length  O N to  the  perpen- 
dicular O 1*. 

Let  the  piston  E itself  be  now  withdrawn,  and  the  liquid  will 
mount  in  the  cylinder  C D,  till  its  weight  becomes  equal  to  the 
pressure  applied  at  C,  and  consequently  will  attain  the  same 
nltirude  as  in  the  other  communicating  cylinders.  Suppose 
the  cylinders  to  be  enlarged  and  brought  nearer  to  each  other, 
still  the  same  level  will  be  maintained  among  them.  Con- 
ceive they  were  even  united,  so  as  to  compose  a single  cylin- 
drical vessel,  and  the  contained  liquid  would  always  assume  a 
level  surface.  Such  is  the  distinguishing  character  of  fluids. 

It  hence  follows,  that  the  condensation  accumulated  at  any 
point  of  an  open  liquid  mass,  and  therefore  the  actual  pres- 
sure exerted  there,  is  proportional  to  the  altitude  of  the  incum- 
bent column  of  a supposed  vertical  tube,  or  the  depth  of  the 
point  below  the  surface  of  the  fluid.  The  pressure  of  water 
against  the  perpendicular  sides  of  any  cistern  must  thus  in- 
crease regularly  from  the  top  to  the  bottom.  In  a cubical 
vessel,  the  pressure  borne  by  each  side  would  be  just  half  the 
weight  supported  at  the  bottom,  and  consequently  the  aggregate 
pressure  sustained  by  all  the  four  sides  would  be  double  this 
weight. 

That  the  pressure  of  a fluid  is  exerted  equally  every  way  in 
proportion  to  Its  depth,  may  bo  confirmed  by  various  experi- 
ments. Thus,  having  fastened  a long  narrow  glass  lobe  to  the 
neck  of  a thin  bladder,  fill  this  with  water  till  Ft  stand  perhaps 
an  inch  above,  and  plunge  the  whole  in  a tall  jar  of  water ; toe 
liquid  will  be  seen  to  rise  in  the  tube,  and  maintain  the  same 
altitude,  exactly  in  proportion  as  the  bladder  descends.  Again, 
if  a high  gass  tube,  spreading  below  into  a wide  funnel  mouth, 
to  which  a loaded  plate  of  brass  has  been  ground  and  closely 
filled,  were  let  down  and  held  in  a body  of  water,  at  the  depth 
where  a cylindrical  column  of  fluid,  incumbent  upon  its  broad 
hacc,  has  a weight  equal  to  that  of  the  plate,  this  would  remain 
sup|Ortid.  Rut  if  a hole  were  pierced  in  the  side  of  the  tube, 
admitting  a small  portion  of  the  water  to  fill  up  tho  funnel,  its 
load  would  instantly  be  precipitated  to  the  bottom.  On  the  other 
hand,  if  the  tube  had  its  funnel  month  turned  upwards,  and 
ntted  with  a thin  brass  plate  surmounted  by  a very  thick  cylin- 
der of  cork  ; the  buoyancy  of  this  cover  would  be  overcome  at 
a certain  depth  below  the  surface  of  the  water.  But,  on  letting 
water  into  the  funnel,  the  pressure  now  exerted  under  the  plate 
would  immediately  float  it  up. 

The  fundamental  principle,  that  a fluid  compressed  in  a close 
shallow  vessel  exerts  the  same  effort  upon  every  equal  portion 
of  the  confining  surface,  was  first  distinctly  stated  by  the  famous 
Rascal,  who  even  proposed  it  as  a new  mechanical  power  of 
great  efficacy  and  ready  application.  If  the  piston  I (p.  407.) 
were,  for  instance,  an  honored  times  larger  than  the  piston  E, 
the  force  of  one  mao  pushing  down  the  former  would  be  suffi- 
cient to  withstand  tho  action  of  an  hundred  men  upon  the  latter. 
Nor  did  another  feature  of  resemblance  escape  this  acute  phi- 
losopher, that,  as  in  all  other  mechanical  combinations,  what  is 
here  gained  in  power  is  lost  in  celerity,  or,  in  other  words,  that 
tho  height  to  which  a load  is  raised  is  still  inversely  as  the 
purchase.  Thus,  while  the  piston  E descends  through  one 
inch,  the  piston  I ascends  only  the  hundredth  part  of  an  inch. 
This  consideration  is  essentially  the  same  as  the  principle  of 
virtual  velocities,  which  affords  another  demonstration  of  the 
equality  of  pressure  diffused  through  a fluid.  For,  if  one 
pound  depress  the  piston  E one  inch,  the  piston  I will  lift  an 
hundred  pounds  over  the  hundredth  part  of  an  inch,  the  momen- 
tum of  the  weight  at  E being  still  equal  to  the  opposite  momen- 
tum of  the  load  incumbent  at  I.  The  pressure  exerted  by  the 
fluid  upon  every  point  of  the  surface  of  the  shallow  vessel  is 
hence  the  same. 

The  project  originally  started  by  Pascal,  of  applying  this 
capital  proper!)'  of  fluids  to  the  construc'ion  of  a powerful 
mechanical  engine,  has  been  reduced  to  convenient  practice  in 
our  own  time.  The  progress  of  tho  arts  has  now  begun  to 
realise  all  the  delicacy  of  theory.  Watt  employed,  to  a certain 
extent,  the  soft  compression  of  air,  as  the  chief  agent  of  his 
coining  engine ; while  Bramah  has  successfully  availed  him- 
self or  tho  constrained  energy  of  water  in  the  construction  of 
his  hydraulic  press. 


IIYDROSULPIlUIlET,  in  Chcmitlijr.  the  combination  of 
sulphuretted  hydrogen  with  an  alkaline  or  earthy  hast*.  They 
arc  soluble  in  water,  and  crystaJIiaable  ; the  solution  is  colour- 
less, while  (lie  action  of  the  air  is  excluded;  but  when  that  is 
admitted,  a jcllm*  colour  is  soon  acquired. 

HYGROMETER,  a machine  or  instrument  to  mcasuie  the 
degrees  of  dryness  or  moisture  of  the  atmosphere. 

There  arc  divers  sorts  of  hygrometers ; for  whatever  body 
cither  swells  or  shrinks  by  dryness  or  moisture.  is  c pable  u\ 
being  formed  into  an  hygrometer.  Such  arc  woods  of  most 
kinds,  particularly  ash,  deal,  poplar,  fee.  Such  also  is  rut- 
gut,  the  beard  of  a wild  oat,  hempen  cords,  kr.  Philosophers 
have  sought  also  to  measure  the  humidity  of  Ihr  air  by  the 
augmentation  of  weight  undergone  by  certain  substances,  such 
as  tuft  of  wool,  or  portions  of  salt,  by  absorbing  the  water  con- 
tained in  the  air.  But  besides  that  these  method*  were  in 
themselves  very  imperfect,  the  bodies  employed  were  subject 
to  alterations  which  would  make  them  lose  tlwir  hygrontctric 
uality  more  or  less  promptly.  The  hygrometer  invented  by 
aussure  is  free  from  these  inconveniences.  The  principal 
piece  in  it  is  a hair,  which  has  been  divested  of  n kind  of 
oiliness  that  is  natural  to  it,  by  boiling  it  in  water  bolding  in 
solution  nearly  a hundredth  part  of  its  weight  of  sulphntc  of 
soda.  It  is  known  that  humidity  lengthens  the  hair,  and  that 
the  process  of  drying  shortens  it.  To  rrn-Jer  both  these  effects 
more  perceptible,  be  attached  one  of  the  two  ends  of  the  hair 
to  a fixed  point,  and  the  other  to  the  circnmfcrence  of  a move- 
able  cylinder,  that  carries  at  one  of  its  extremities  a light  iodex 
or  band.  The  hair  is  bound  by  a counter-weight  of  about  three 
grains,  suspended  by  a delicate  silk  which  is  rolled  in  a contrary 
way  about  the  same  cylinder.  In  proportion  as  the  hair 
lengthens  or  shortens,  it  caases  the  cylinder  to  turn  in  one  or 
the  other  direction,  and  by  a necessary  consequence,  the  little 
index  turns  likewise,  the  motions  of  which  are  measured  on  the 
circumference  of  a graduated  circle,  about  which  the  index  per- 
forms its  revolution  as  in  common  clocks.  To  give  to  the  scale 
such  a basis  as  may  establish  a relation  between  all  the  hygro- 
meters constructed  upon  tbe  same  principles.  Saussurc  as- 
sumes two  fixed  terms,  tbe  extremity  of  humidity,  and  that 
of  dryuess  ; he  determines  the  first  by  placing  the  hygrometer 
under  a glass  receiver,  the  whole  interior  surface  of  which  be 
had  completely  moistened  with  water.  To  obtain  the  contrary 
limit  of  extreme  dryness,  be  made  use  of  a hot  and  well-dried 
receiver,  under  which  he  included  the  hygrometer,  with  a piece 
of  iron  plate  likewise  heated,  covered  with  a fixed  alkali.  The 
scale  of  the  instrument  is  divided  into  a hundred  degrees.  The 
aero  indicates  the  limit  of  extreme  dryness,  and  tbe  number 
one  hundred  that  of  extreme  humidity.  The  effects  of  mois- 
ture and  of  dryness  upon  the  hair,  are  however  modified  by 
those  of  heat,  which  act  upon  it,  sometimes  in  tbe  same  sense, 
and  sometimes  in  a contrary  one.  In  observations  which 
require  great  precision,  it  is  therefore  necessary  to  consult  the 
thermometer;  and  on  this  account,  the  inventor  has  con- 
structed from  observation  a table  of  corrections. 

DeLuc  employed  for  the  construction  of  bis  hygrometers  a 
very  thin  slip  of  whalebone,  which  performs  tbe  same  office  as 
the  hair  in  that  of  Sausaure.  He  kept  this  nhalebone  bent  hy 
menus  of  a spring,  the  action  of  which  he  preferred  to  that  of  a 
weight ; he  determined  the  degree  of  extreme  humidity,  by  im- 
mersing the  slip  of  whalebone  entirely  under  water;  and  to  fix 
the  opposite  limit,  (that  of  extreme  dryness,)  he  made  use  of 
ealeinrd  lime,  enclosed  with  the  hygrometer  under  a glass  bell. 

As  the  hair  hygrometer  of  M.  de  Sanuture  has  been  almost 
invariably  used  by  the  continental  philosophers,  as  the  most 
accurate  instrument  for  measuring  the  moisture  of  tbe  air, 
any  real  improvement  npon  it  will  lie  regarded  by  the  experi- 
mental philosopher  as  a valuable  acquisition  to  science. 
Tbe  hygrometer  of  M.  Babinet  seems  to  possess  this  character 
in  no  inconsiderable  degree,  and  as  a very  favourable  report 
upon  it  has  been  made  to  the  Academy  of  Sciences  by  a very 
competent  judge.  M Fresnel,  we  shall  submit  to  our  readers 
a drawing  and  description  of  it,  abridged  from  the  Journal  de 
Pkarmiteie  for  April,  1824. 

This  instrument  is  represented  in  the  annexed  figure,  where 
1,  I,  1,  I,  is  a copper  oylinder,  resting  upon  a pedestal,  and 
having  large  apertures  out  out  of  it.  When  the  interior  of  the 
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instrument  is  to  be  shot  up  from  the  external  air,  its  upper 
part  is  surrounded  with  a cylinder  of  glass,  *2,  *2, 2,  2,  fixed  at  its 
two  ends  (with  green  wax)  to  the  upper  rings  which  project 
round  the  cylinder. 

Three  hairs,  3,3,  3,  fixed  to  a micrometer  screw,  4.4,  placed 
on  the  upper  part  of  the  instrument,  and  each  stretched  by  a 
copper  weight,  descend  into  the  cylinder,  and  pass  through 
three  holes,  in  a small  horizontal  plaue,  in  order  that  they 
may  be  kept  separate  from  each  other.  On  one  side  of  the 
instrument  is  placed  a small  telescope,  6,  having  a wire  in 
its  field,  for  indicating,  with  great  accuracy,  tho  position  of  a 
mark  on  the  copper  weights,  and  ascertaining  when  the  marks 
hare  descended  to  the  same  point. 

The  object  of  the  micrometer  screw  is  to  measnre  the  clonga- 
tion  of  the  hairs,  which  it  does  nearly  to  the  ‘2500dlb  part  of  an 
inch,  by  the  usual  and  well-known  process. 

In  graduating  the  instrument,  extreme  dryness  is  obtained 
by  means  of  sulphuric  acid,  Rnd  extreme  humidity  by  means 
of  aqueoot  vapour ; and  the  elongation  of  the  hairs  in  passing 
from  the  state  in  which  they  arc  saturated  with  moisture  to 
that  of  extreme  dryness,  is  measured  by  the  micrometer  screw. 
If  this  elongation  is  five  millimetres,  or  about  one  fifth  of  an 
inch,  this  space  is  represented  by  IDO  degrees  of  the  scale;  so 
that  jfejdths  of  a millimetre  will  correspond  to  one  degree  of 
the  scale.  When  the  instrument  is  thus  prepared  for  use,  the 
glass  cylinder  is  removed,  and  the  hairs  exposed  to  the  air,  the 
humidity  of  which  will  be  indicated  by  the  distance  of  the  mark 
on  the  copper  weight  from  the  beginning  or  zero  of  the  scale. 

The  advantages  of  this  form  of  the 
instrument  are  thus  enumerated  by  its 
inventor. 

1.  The  extreme  delicacy  of  the  indi- 
cations which  are  obtained  by  the  tele- 
scope and  the  micrometrical  screw,  and 
by  the  use  of  three  hairs,  which  are 
three  hygrometers,  the  mean  of  the 
changes  of  which  affords  a much 
greater  degree  of  accuracy  than  if  a 
single  one  were  used. 

2.  The  removal  of  the  error  which 
■ rises  from  the  friction  and  play  of  the 
axis  of  the  needle  in  common  hygrome- 
ters, as  well  as  from  the  bending  of  the 
hair  round  tbc  small  pulley. 

3.  The  facility  of  measuring  the  bv- 
grometrical  elongation  of  any  sob- 
stance,  whether  flexible  or  not,  when 
reduced  to  a slender  cylinder,  and  of 
comparing  two  hygrometric  substances. 

4.  In  this  instrument,  the  three 
hairs,  which  are  three  hygrometers, 
agree  nearly  with  one  another,  while 
two  common  hygrometers  require  very 
great  precaution  in  order  to  agree  with 
one  another,  even  less  perfectly. 

6.  This  instrument  becomes  very 
portable  by  stopping  the  weights  at- 
tached to  the  three  hairs  by  a small  pin 
which  passes  through  them,  and  sup- 
ports them  while  they  are  carried 
about. 

A simple  hygrometer  may  be  formed 
by  means  of  n flaxen  line  five  -feet 
iJng ; and  having  a graduated  scale 
fixed  to  no  index  moving  on  a fulcrum. 

The  length  of  the  index,  from  tbe  ful- 
crum to  tbe  point,  should  be  ten  inches; 
that  of  tbe  lever,  from  tbe  fulcrum  to 
the  middle  of  tbe  eye,  to  which  tbe  cord 
is  fixed,  two  and  a half.  The  air  be- 
coming moist,  the  cord  imbibes  its 
moistore;  tbe  line  in  consequence  is 
shortened,  and  the  index  rises.  On 
the  contrary,  the  air  becoming  dry,  the 
cord  discharges  its  moisture,— length- 
ens,—and  the  index  falls. 


Hygrometers  arc  constructed  in  u great  var.cty  of  ways. 

; according  to  the  substances  of  which  they  arc  composed,  or 
the  manner  in  which  they  are  designed  to  act.  Our  limits 
however  will  only  allow  of  touching  very  slightly  on  this 
subject,  and  wc  shall  therefore  confine  onr  remarks  to  one  or 
two  of  tho  best  instruments  of  this  kind  ; after  having  first 
illustrated  their  principle  of  operation  by  one  of  tbe  roost 
simple  construction,  as  follows  : 

Stretch  a common  cord  or  catgut 
string  A B D along  a w all,  passing  it 
over  a pulley  B,  after  having  fixed  it 
at  one  end  A,  and  attached  a weight 
to  tbe  other  end  C,  which  is  made  to 
carry  an  index  or  style  F.  Against 
the  same  wall  fix  a metal  graduated 
plate  H I,  on  which  will  be  indicated 
the  state  of  the  atmosphere  by  the  po- 
sition of  the  index,  the  motion  of  tbe 
latter  arising  solely  from  the  contrac- 
I tion  or  dilation  of  the  cord,  which  takes  place  according  to  tbe 
; degree  of  dryness  or  moisture  of  the  atmosphere. 

This  instrument  is  as  simple  as  can  be  desired,  and  ita 
scale  of  variation  may  be  increased,  by  passing  it  over  three 
or  four  pulleys,  as  io  the  annexed  figure;  but  it  is  far 
from  possessing  that  degree  of  accuracy  which  is  so  much  to 
be  desired  in  philosophical  instruments  and  observations,  and 
accordingly  various  other  hygrometers  have  been  invented,  to 
remedy  the  defect  of  that  above  described;  one  greet  imper- 
fection of  which  is,  that  different 
instruments,  however  correct  their 
operation  may  be,  are  incomparable 
with  each  other  ; it  was  therefore  a 
great  desideratum  to  construct  them 
so  as  to  admit  of  the  same  kind  of 
comparison  as  the  thermometer  and 
barometer.  The  most  complete  in- 
strument of  this  kind  has  been 
invented  by  J.F.Daniel,  Esq.  F.R.S. 
and  to  his  Meteorological  Essays  we 
shall  therefore  have  recourse  for  tbe  drawings  and  descriptions 
of  this  instrument,  when  we  come  to  treat  on  the  subject  of 
Meteorology  in  the  isquel  of  oor  Dictionary. 

IIYMENOPTERA.  in  Natural  History,  the  fifth  order  of 
insects,  according  to  the  Linn»an  system.  They  are  furnished 
with  four  membranaceous  wings,  and  with  a sting,  or  a process 
resembling  one. 

HYPERBOL  A,  is  one  of  the  conic  sections  formed  by  the 
intersection  of  a plane  and  cone,  when  the  plane  makes  a 
greater  aogle  with  the  base  of  the  cone,  than  that  formed  by 
tbe  base  and  side  of  the  cone,  as  D A E. 

And  if  the  plane  be  produced  so  as  to  cut 
the  opposite  cone,  another  hyperbola  will  he 
formed,  as  d Be,  which  is  called  the  opposite 
hyperbola  to  the  former. 

The  hyperbola,  like  all  the  other  conic  sec- 
tions, may  be  treated  of  in  three  different  ways, 
viz.  1.  As  being  produced  by  the  intersection 
of  a plane  and  cone ; 2.  according  to  its  de- 
scription in  plauo;  and  3,  As  being  generated 
by  tbc  motion  of  a variable  line  or  ordinate 
along  another  line  or  directrix,  whereby  tin 
properties  of  the  curve  are  treated  of,  from 
tbe  equation  by  which  it  is  defined. 

’ Oeacriotum  of  the  Hyper  holm,  and 
ike  Mttkoiiof  drawing  the  Figure. 
— -1.  In  the  transverse  axis  AB. 
produced,  take  the  foci  P,/i  or. 
which  is  the  same,  take  C F.  C /*. 
both  — A a or  Di;  assm*  e 
any  point  I,  and  with  the  radii 
A I.  or  U I,  and  centres  F, 
describe  arcs  intersecting  in  F, 
which  m ill  give  four  points  in 
the  curve ; then  find  other  points  in  the  same  manner,  and 
the  curve  passing  through  those  poiuts  will  be  tbe  hyperbola 
required. 
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2.  If  otic  cod  of  a rulcr/M  Ot 
be  fastened  at  the  point  f b>  a 
pin  on  a plane,  so  as  to  turn  free- 
ly about  that  point  as  a centre  ; 
end  a thread  F M O shorter  than 
the  ruler  ho  fixed,  one  end  at  F, 
and  the  other  to  the  end  O of  the 
ruler: 

Then  if  the  ruler /MObc  tam- 
ed about  the  fixed  point /,  at  the 
same  time  that  the  thread  F M O 
is  kept  always  tight,  and  its  part 
M U close  to  the  side  of  the  ruler 
by  means  of  the  pin  M,  the  curve 
line  A X resulting  from  the  mo- 
tion of  the  pin  M,  is  one  part  of 
an  hyperbola  ; and  if  the  ruler  be 
turned,  and  move  on  the  other  aide  of  the  fixed  point  F.  the 
other  part  A Z of  the  same  hyperbola  may  be  described  alter 
the  same  manner. — Or  otherwise. 

3.  Let  C and  F be  the  two  foci,  and 
E and  K the  two  vertices  of  the  hy- 
perbola. Take  three  rulers  CD,  D G, 

OF,  so  that  C G—  GFrEK,  and 
D G — C F ; let  the  rulers  C D,  G|F,  be 
of  an  indefinite  length  beyond  C and 
O,  and  having  slits  in  them  for  a pin 
to  move  in  the  rulers,  having  holes  in 
them  at  C and  F.  by  which  with  pins 
they  are  fastened  to  the  foci  of  those 
points,  being  joined  to  the  points  D 
and  G by  the  ruler  D G.  Then  if  a 
pin  lie  put  in  the  slits,  viz.  the  common 
intersection  of  the  rulers  CD,  and  GF, 
and  moved  along,  causing  the  two  rulers  GF.CD,  to  tom 
ajtout  the  foci  C and  F ; that  point  will  describe  the  portion 
EQ  of  an  hyperbola.  Other  mechanical  methods  of  describing 
this  curve  may  be  seen  in  various  works. 

Hy  per bolas  receive  various  denominations  from  certain  pecu- 
liarities in  their  construction,  proportions,  8tc. ; as  acute,  amOi- 
fenal,  equilateral,  8tc. 

HYPERBOLE,  in  Rhetoric,  a figure  whereby  the  troth  and 
reality  of  things  are  excessively  enlarged,  or  diminished. 


HYPERBOLIC  Like,  is  used  by  sonic  authors  for  what  we 
call  the  hyperbola  ilsr-lf. 

Hyperbolic  Logarithm!,  or  K a per  inn  Logarithm t,  arc  n series 
of  numbers  particularly  useful  in  the  determination  and  com- 
putation of  fluents,  arising  from  various  problems  in  the  higher 
branches  of  the  mathematics  ; having,  at  the  same  time,  the 
property  of  common  logarithms  in  facilitating  arithmetical  ope- 
rations. 

These  numbers  are  termed  hyperbolic  logarithms,  because 
they  express  the  areas  or  spaces  contained  between  the  assy  nip- 
tote  and  curve  of  the  hyperbola  ; but  as  this  property  is  not  pecu- 
liar to  (bis  system,  they  are  now  more  commonly  called  Napcrian 
logarithms,  from  the  name  of  the  illustrious  inventor  of  this 
method  of  compulation. 

HYPOTHECATE,  in  Law.  To  hypothecate  a ship,  is  to  pawn 
the  same  for  necessaries : and  a master  may  hypothecate 
either  ship  or  goods  for  relief,  when  in  distress  at  sea. 

HYPOTHENUSE,  in  Geometry,  the  longest  side  of  a right- 
angled  triangle  ; or  it  is  that  side  which  sabtends  the  right 
angle.  In  every  rectilinear  right-angled  triangle,  the  square 
of  the  hypothenuso  is  equal  to  the  squares  of  both  the  other 
sides,  by  the  47tb  prop,  of  the  first  book  of  Euclid. 

HYPOTHESIS,  in  general,  denotes  something  supposed  to 
be  true,  or  taken  for  granted,  in  order  to  prove  or  illustrate  a 
point  in  question. 

HYSTRIX,  Porcupine,  in  Natural  History,  a genus  of  qua- 
drupeds of  the  order  glires.  There  are  five  species.  II.  crista, 
or  the  common  poreupine,  is  about  two  feet  in  length,  exclu- 
sively of  the  tail.  It  is  found  in  Africa  and  India,  and  in  the 
warmer  climate  of  Europe.  It  is  covered  on  the  upper  part 
of  its  body  with  variegated  spines  or  quilla,  which  are  long  and 
sharp,  and  which,  when  irritated,  it  erects  with  particular 
intenseness,  and  a rustling  and  alarming  noise.  Its  principal 
food  consists  of  the  hark  of  trees,  roots,  and  fruit.  It  produces 
two  at  a birth,  and  if  taken  young  is  tamed  with  considerable 
facility.  Ils  flesh  is  eaten  not  only  in  Afrioa  but  in  Italy,  and 
is  thought  extremely  luscious. 

The  Brasilian  porcupine  is  about  a foot  long,  and  its  tail 
about  a foot  and  a half,  by  wbicb  it  clings  to  the  branches  of 
trees.  It  is  covered  with  strong,  short,  and  extremely  sharp 
spines,  on  most  of  those  parts  outs  body  particularly  exposed 
to  assault. 
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I » or  i,  the  ninth  letter  and  third  vowel  of  the  alphabet  When 
used  as  a numeral,  it  signifies  no  more  than  one,  and  stands  for 
so  many  units  as  it  is  repeated  times;  thus  I,  one;  II,  two; 
III.  three,  8cc.  and  when  put  before  a higher  numeral  it  sub- 
tracts itself,  as  1Y,  four;  IX,  nine,  &c. ; but  when  set  after  it, 
so  many  are  added  to  the  higher  numeral  as  there  arc  I's 
added  ; thus,  VI  is  6 + 1,  or  six;  VII.  5 + 2,  or  seven ; VIII, 
6 -f-  3,  or  eight.  Tbe  ancient  Romans  likewise  used  for  500, 
Cl')  for  1000,  133  for  64XK),  CCIf)G  for  10,000,  l030  for 
50,000,  and  CCCIpGO  for  100,000.  Farther  than  this,  as  Pliny 
observes,  they  did  not  go  in  their  notation ; but  when  neces- 
snrv,  repeated  the  last  number,  as  CCCI33Q,  CCCl£)G3  for 
200,000;  CCCIG3G,  CCCIodo,  CCCIoog  for  300,000 ; and 
so  on. 

IAMBICS,  certain  songs  or  satires,  which  are  supposed  to 
have  given  birth  to  the  ancient  comedy.  The  word  is  applied 
also  to  a particular  kind  of  Latin  verse,  of  which  the  simple 
foot  consists  of  a short  and  long  syllable. 

IBEX,  in  Zoology.  See  Capua. 

ICE,  a brittle  transparent  body,  formed  of  some  fluid  frozen 
or  fixed  by  cold.  Tbe  specific  gravity  of  ice  to  that  cf  water, 
is  in  about  the  ratio  of  -83  to  1 j and  the  capaeity  for  heat  as 
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•9  to  1 ; its  refractive  power  is  1‘31,  being  the  leajt  so  of  any 
known  substance  that  is  not  aeriform.  See  Freezing  and 
Freezino  Mixture  ; and  for  tbe  expansive  power  of  water  in 
passing  from  its  liquid  stale,  eee  Evaporation  aud  Expansion. 

Ice  CVmm,  To  make . Take  a sufficient  quantity  of  cream, 
and  when  it  is  to  be  mixed  with  raspberry  or  currant  juice, 
a quarter  part  as  much  of  the  juice  or  jam,  as  of  the  cream. 
After  beating  and  straining  the  mixture  through  a cloth,  put  it 
with  a little  juice  of  lemon  into  the  mould,  (a  pewter  vessel, 
and  varying  in  size  and  shape  at  pleasure:)  cover  the  mould, 
and  place  it  in  a pail  about  two-thirds  full  of  ice,  into  which 
two  handfuls  of  salt  have  been  thrown,  turn  the  mould  by  tho 
hand-bold  with  a quick  motion  to  and  fro,  In  the  manner  used 
in  milling  chocolate,  for  8 or  10  minutes;  then  let  it  rest  as 
Jong,  and  turn  it  again  for  the  same  lime  ; and  baving  left  it  to 
stand  for  half  an  hour,  it  is  then  fit  to  ho  turned  out  of  the 
mould  and  set  upon  the  table.  Lemon  juice  and  sugar,  and 
the  juices  of  various  kinds  of  fruits  are  frozen  without  cream  ; 
and  when  cream  is  used,  it  should  be  well  mixed. 

Ice  Hoot!  are  so  constructed  as  to  sail  upon  ice,  and 
they  are  common  in  Holland  upon  the  Maese  and  lake  Y, 
This  figure  represents  one  of  these  useful  conveyances  of  goods 
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ami  passengers,  whose  breath  is  sometimes,  however,  affected 
by  the  rapid  velocity  at  which  this  machine  is  driven. 


bottom  concave,  to  form  a reservoir  for  the  waste  water  till  it 
can  drain  off:  if  the  soil  requires  it,  cut  a drain  to  a consi- 
derable distance,  or  so  far  as  will  come  out  at  the  side  of  the 


Ice  Htute.  The  simplest  form  of  an  ice  house  is  the  follow- 
ing improvement  upon  the  Italian  and  American  plana:— In  a 
soil  wheie  and  springs  do  not  strike  above  16  feet  deep,  dig  a 
pit  12  feet  deep,  and  about  18  feet  square.  You  may  then 
erect  a frame  similar  to  the  figure.  The  posts  ought  to  bo 
about  9 inches  in  diameter, 
placed  near  enough  to  each 
other  for  thin  laths  to  he 
nailed  upon  them,  and  the 
inside  dressed  to  an  acute 
angle,  so  that  as  little  wnod 
as  possible  may  touch  the  ice. 

On  the  inside  let  thin  laths 
be  nailed  at  about  two  feet 
apart;  on  the  outside,  at  mo- 
derate distances,  nail  rough 
boards,  and  fill  the  place 
within  with  wheat  or  rye 
straw  sot  on  end.  The  in- 
side of  the  roof  to  be  made  in 
the  same  way,  and  also  the 
gables.  Straw  to  be  sewed  on 
the  inside,  and  heath  or  straw 
on  the  outside  of  the  door.  The  outside  of  the  roof  to  be 
thatched  thick  with  straw  or  heath  ; and  heath,  brushwood,  or 
fir  tops,  to  be  filled  in  between  the  outside  boarding  and  the  sur- 
rounding ground,  and  then  neatly  thatched  or  turfed  over.  The 
bottom  of  the  house,  for  2 feet  deep,  to  be  laid  with  large  logs  or 
stones,  next  with  heath,  fir  tops,  or  brushwood,  and  then  with 
straw.  The  icc  house,  when  thus  completed,  will  look  like  a square 
bee-hive  inverted,  aod  is  then  ready  to  receive  the  ice  or  snow 

Unless  the  house  is  in  a very  shady  place,  it  may  be  necessary 
to  extend  the  roof,  where  the  door  is  placed,  6 or  6 feet,  mak- 
ing a second  gable  and  door,  finished  in  the  samo  way  as  the 
first,  and  fill  np  the  intervening  space,  except  a passage,  with 
heath  or  straw. 

The  best  soil  for  an  ice  house  to  be  made  in  is  chalk,  as  it 
conveys  away  tho  waste  water  without  any  artificial  drain; 
next  to  that,  loose  stony  earth  or  gravelly  soil.  Its  situation 
should  be  on  the  side  of  a bid,  for  the  advantage  of  entering 
the  cell  upon  a level,  as  in  the  drawing. 

To  construct  an  ice  house,  first  choose  a proper  place  at  a 
convenient  distance  from  the  dwelling-house,  or  house  it  is  to 
serve  ; dig  a cavity  (if  for  one  family,  of  the  dimensions  speci- 
fied in  the  design)  of  the  figure  of  an  inverted  cone,  siukiog  the 
52. 


hill,  or  into  a well,  to  make  it  communicate  with  the  springs, 
and  in  that  drain  form  a slink  or  air-trap,  marked  f,  by  sinking 
the  drain  so  much  lower  in  that  place  as  it  is  high,  and  bring  a 
partition  from  the  top  an  inch  or  more  into  the  water,  which 
will  consequently  be  in  the  trap,  and  will  keep  the  well  air- 
tight. Work  up  a sufficient  number  of  brick  piers  to  receive  a 
cart  wheel,  to  be  laid  with  its  convex  side  upwards  to  receive 
the  ice;  lay  bundles  of  straw  upon  the  wheel,  which  will  let  the 
melted  ice  drain  through,  and  serve  as  a floor.  The  sides  and 
dome  of  the  cone  are  to  be  nine  inches  thick— the  aides  to  he 
done  in  steened  brickwork.  ».  e.  without  mortar,  and  wrought 
at  right  angles  to  the  face  of  the  work  : the  filling  in  behind 
should  be  with  gravel,  loose  stones,  or  brickbats,  that  the  water 
which  drains  through  the  sides  may  the  more  easily  escape  into 
the  well.  The  doors  of  the  icc  house  should  be  made  as  close 
as  possible,  and  bundles  of  straw  planed  always  before  tho 
inner  door  to  keep  out  the  air. 

Description  of  the 
parts  referred  to  by 
the  letters: — a,  tho 
line  first  dug  out ; b, 
the  brick  circum- 
ference of  tho  cell ; 
e,  the  diminution  of 
the  cell  downwards; 
d,  the  lesser  diameter 
of  the  cell ; #.  the  cart 
wheel  or  joists  and 
hurdles  ; /,  the  piers 
to  receive  the  wheel 
or  floor  ; g,  the  prin- 
cipal receptacle  for 
straw;  A,  the  inner 
passage ; i,  the  first 
entrance  ; h,  the  out- 
er door,  passages 
having  a separate 
door  each  ; /,  an  air 
trap,  as  in  the  upper 
figure  ; m.  the  well ; 
»,  tho  profile  of  the 
piers ; o,  the  iee  filled  in ; v,  the  height  of  the  cone  ; q,  the  dome 
worked  in  two  half-brick  arches ; r,  the  arched  passage ; t, 
6 M 
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the  door-ways  inserted  in  the  walls  ; t,  the  floor  of  the  passage* 
v,  an  aperture  through  which  the  ice  may  be  put  into  the  cell. 
This  must  be  covered  next  the  crown  of  the  dome,  and  then 
tilled  in  with  the  earth,  x,  the  sloping  door,  aga:n*t  which  the 
straw  should  be  laid.  The  ice,  when  to  be  put  in,  should  be 
collected  during  the  frost,  broken  into  small  pieces,  and  ram- 
med down  bard  iu  strata  of  not  more  than  n foot,  in  order  to 
make  it  one  complete  body ; the  care  in  patting  it  in,  and  well 
ramming  it,  tends  much  to  its  preservation.  In  a season 
when  ice  is  not  to  be  had  in  sufficient  quantities,  snow  may  he 
substituted. 

Mode  of  filling  the  House. — When  the  ice,  or  snow,  if  ice 
cannot  be  procured,  is  put  into  the  house,  it  must  he  well 
beaten  down  w ith  a pavicr's  rammer,  or  mallet,  and  the  surface 
always  kept  concert- ; by  this  means  any  snow  or  ice  that  may 
melt  will  ran  to  the  middle,  or  interstices,  and  freeze.  For 
tbo  same  reason,  the  surface  of  the  ice  ought  always  to  he  kept 
concave  when  iee  is  taken  out  for  use. 

Should  the  frost  be  very  intense,  when  the  ice  house  is  get- 
ting filled,  it  may  bo  very  beneficial  at  the  close  of  each  day’s 
filling  to  throw  in  30  or  40  pails  full  of  water,  which  will  fill  the 
inslerticcs  and  freeze. 

When  the  house  is  full,  spread  upon  the  rowrurr  surface 
a carpet,  or  sail,  split  up  tbo  middle,  and  pat  apon  the  top 
thereof  a foot  thick  of  straw. 

When  ice  is  required  for  the  use  of  the  family,  or  when  it  is 
necessary  to  put  in  fresh  meat  to  lie  on  the  face  of  the  ice  for 
preservation,  or  to  take  out  for  use,  the  straw  and  cm pet,  or 
•ail,  to  be  opened  at  the  middle. 

Should  rats  infest  the  place,  an  iron  wiro  frame  or  case  may 
be  required  to  put  the  meat  or  fish,  &c.  into,  when  lying  ou  the 
ice. 

A small  open  surface  drain  ought  to  he  dag  round  the  house, 
to  provent  any  water  running  into  it. 

Opening  the  door  of  the  house  docs  little  harm.  Damp  or 
dense  substances  touching  the  ice  is  much  more  prejudicial 
than  dry  air. 

ICH  DIES,  a motto  of  the  Prince  of  Wales’s  arms,  signify- 
ing, in  the  High  Dutch,  " I serve.”  The  three  ostrirb  feathers, 
and  the  motto  Ich  Dien , were  worn  by  the  king  of  Bohemia, 
slain  by  the  Black  Prince  in  the  battle  of  Crocy,  and  were 
adopted  as  a memorial  of  the  victory. 

ICHNOGRAPHY,  in  Perspective,  the  view  of  any  thing  cut 
off  by  a plane,  parallel  to  the  horizon,  iust  at  the  base  of  the 
object  Among  painters,  it  signifies  the  descriptions  of  images, 
or  of  ancient  statues  of  marble,  copper,  or  bronze,  of  busts 
and  serai-basts,  of  paintings  in  fresco,  mosaic  works,  and 
ancient  pieces  of  miniature. 

Ich  nog  turn  y,  in  Architecture,  is  a transverse  or  horizontal 
section  of  a building,  exhibiting  the  plot  of  the  whole  edifice, 
and  of  the  several  rooms  or  apartments  in  any  story,  together 
with  the  thickness  of  the  walls  and  partitions,  the  dimensions 
of  the  doors,  windows,  chimney  pieces,  recesses,  alcoves, 
the  projections  of  all  columns  and  piers,  with  every  thing 
visible  in  such  a section. 

ICHTHYOLOGY,  that  part  of  zoology  which  treats  of 
fishes,  their  history,  anatomy,  physiology,  and  habitudes ; and 
which  offers  a systematic  exposition  of  all  the  finny  tribe.  See 
Fishes. 

ICONOCLASTS,  in  Church  History,  an  appellation  given  to 
those  persons  who,  in  the  8tb  century,  opposed  image  worship. 

ICOSAHEDRON,  in  Geometry,  one  of  the  regular  platonic 
bodies,  comprehended  under  twenty  equal  triangular  sides  or 
faces.  Or,  an  icosahedron  may  be  conceived  to  consist  of 
twenty  equal  triangular  pyramids,  whose  vertices  or  tops  unite 
in  one  common  point,  which  will  be  the  centre  of  tho  circum- 
scribing sphere. 

To  find  the  Surface  and  Solidity  of  an  Icosahedron,  the  Side  of 
one  of  its  equal  Faces  being  given. — Let  e represent  the  given 
side ; then  will 

surface  ~ 6^7  3 “ 8 09025403 1* 

,7+3^6 

solidity  = |i*  V — =r  2- 1810050#* 

The  Radius  of  the  Sphere  circumscribing  an  Icosahedron  being 


girrn,  to  find  its  Side  or  Linear  Edge,  Surface,  and  Solidity. — 
Let  H represent  the  given  radius,  then  will 

*,d« = R 5 ) 

surface  = 2 R*  (6  3 — */  16) 

solidity rr  } R»  if  (10  + 2 y 5) 

Or  putting  r to  represent  the  radius  of  the  inscribed  spbdre, 
we  shall  have 

side = r s/  (42  — 18  6, 

surface = 2r»  (7  >J  3 — 3 15) 

solidity  = 10  r*  (7  3 — 3 ^ 16) 

Or  writing  s for  the  side,  wc  have 


radius  circum.  sphere  j t-f  ^ 

radius  inscrib.  sphere  ~ Ji^/ 


IDES,  in  the  Roman  Calendar,  were  certain  days  in  each 
month,  which  commenced  on  the  fifteenth  day  of  March,  May, 
July,  and  October,  but  on  the  thirteenth  in  all  the  other  months. 
The  Romans  had  also  the  kalends  and  nones.  The  first  day  of 
the  month  was  called  halcndtt ; and  the  7th  of  March,  May, 
July,  and  October,  was  called  the  nona ; but  in  all  the  other 
mouths  of  the  year  the  6ih  was  called  the  nonce.  In  reckoning 
they  went  back,  as  is  shewn  in  the  following  table. 


A Table  of  the  Kalends,  Soars,  and  Ides. 


Dm  of 

April, 

one. 

January, 

March, 

"1 

T th« 

September, 

Aognat, 

May.  July. 

February. 

Month. 

Not  ember. 

December. 

October. 

1 

Kalendie. 

Kalends. 

Kulend®. 

Kalertd.r. 

2 

tv.  } No- 

iv. ) No- 

vi. 

25 

iv  ( No- 

3 

in.  ( nas. 

hi.  S nas. 

V. 

c 

ill.  S nas. 

4 

Prid.  Non. 

Prid.  Non. 

IV. 

II 

Prid.  Non. 

5 

Nona*. 

Non*. 

hi. 

Nome. 

G 

VIII. 

\ 

VIII. 

Prid.  Non. 

VIII.  'v 

7 

VII. 

f 

Vll. 

Nonas. 

VII.  / 

8 

VI. 

. £ 

VI. 

a. 

VIII. 

\ 

VI.  V 

CL 

9 

V. 

at 

V. 

s 

VII. 

1 

V.  I 

c 

10 

IV. 

i 

IV. 

l 

VI. 

IV.  \ 

It 

III. 

' 

III. 

/ 

v. 

* 

III.  J 

12 

Prid.  Id. 

Prid  Id. 

IV. 

I 

Prid.  Id.  ! 

13 

Idus. 

Idus- 

III. 

/ 

Idus. 

14 

X v|||. ^ 

XIX. 

Prid.  Id. 

XVI.  ^ 

!5 

XVII. 

XVIII. 

Idus. 

XV. 

IG 

XVI. 

xvi  r. 

XVII, 

XIV. 

17 

XV. 

XVI. 

XVI. 

XIII. 

18 

XIV. 

XV. 

XV. 

XII. 

O 

1 

XIII. 

n 

XIV. 

XIV. 

XI. 

* 

! 20 
21 

XII. 

XI. 

£. 
L 3 

XIII. 

XII. 

E. 

et 

XIII. 

XII. 

O 

X. 

IX. 

= 

§• 

22 

X. 

a. 

XI. 

XI. 

s. 

VIII. 

.» 

23 

IX. 

X. 

S 

X. 

9 

Vll. 

24 

VIII, 

IX. 

IX. 

s 

VI. 

25 

VII. 

VIII. 

VIII. 

V. 

28 

▼I. 

Vtl. 

Vll. 

IV. 

27 

V. 

VI. 

VI. 

III. 

28 

IV. 

V. 

V. 

Prid.  Kal. 

29 

lit. 

IV. 

IV. 

Marlii. 

30 

Prid.  Kal. 

in. 

III. 

31 

Mens.  Seq. 

Prid.  Kal. 

Prid.  Kal. 

Mens.  Scq. 

Mens.  Seq. 

IDENTITY,  denotes  that  by  which  a thing  Is  itself  and  not 
any  thing  else. 

IDIOM,  among  grammarians,  prcmerly  signifies  the  peculiar 
genius  of  each  language,  but  is  often  used  in  a synonimocs 
sense  with  dialect. 

IDIOSYNCRASY,  among  physicians,  denotes  a peculiar 
temperament  of  body,  whereby  it  is  rendered  more  liable  to 
certain  disorders  than  persons  of  a different  constitution 
usually  are. 

IDIOTS,  In  Law.  An  idiot  is  a fool  or  madman  ft  out  his 
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nativity.  According  to  the  statute  of  17  Edward  II-  c.  9 the  l 
king  shall  have  the  custody  of  the  lands  of  natural  fools,  taking 
the  profits  of  them  without  waste  or  destruction,  and  shall  find 
them  necessaries.  And  after  the  death  of  them  ho  shall  render 
it  to  the  right  heir.  But  it  seldom  happens  that  a jury  finds*  a 
man  an  idiot  from  his  nativity,  but  only  non  compos  mentis, 
from  some  particular  lime  ; in  which  ease  he  comes  under  the 
denomination  of  a lunatic,  of  whose  lands  the  king  shall  not  I 
have  the  profit,  but  is  accountable  for  the  same  to  the  lunatic 
when  he  comes  to  his  right  mind,  or  to  his  executors  or  admi- 
nistrators. An  idiot,  or  person  non  compos,  may  inherit  and 
urebuse  ; and  if  he  marry  and  die,  his  wife  shall  be  endowed, 
t is  a general  rule,  that  idiots  and  lunatics  being  incapable  of 
judging  between  good  and  evil,  are  punishable  by  no  criminal 
prosecution  whatsoever.  Acts  solemnly  acknowledged  by  them 
in  a court  of  record,  as  lines  and  recoveries,  and  the  uses  de- 
clared on  them,  are  good,  and  cannot  be  avoided  by  themselves 
or  representatives.  But  during  tltcir  lunacy,  they  ore  incapa- 
ble oj  making  any  will  or  testament,  as  are  also  persons  grown 
childish  from  extreme  old  age.  When  an  idiot  sues  or  defends 
be  must  appear : but  a lunatic  shall  appear  by  guardian  or  by 
a Korney. 

IGNIS  Patous,  a common  meteor,  chiefly  seen  in  dark 
nights,  frequenting  meadows,  marshes,  and  other  moist  places, 
nud  often  seen  in  burying-grounds  and  near  dunghils.  It  is 
known  among  the  country-people  by  the  nppclation  of  Will  with 
a H up  and  Jack  with  a Lantern.  Sir  Isaac  Newton  calls  it  a 
vapour  shining  without  heal ; and  it  has  been  supposed  Ui  be 
of  the  same  nature  with  the  light  issuing  from  putrescent  sub- 
stances. Willoughby  and  Ray  were  of  opinion  that  it  is  occa- 
sioned by  shining  insects  ; but  all  the  appearances  of  it  ob- 
served by  Dr.  Dcrham,  Beccaria,  and  others,  sufficiently  evince 
that  if  must  be  an  ignited  vaponr.  The  form  and  size  of  the 
igntt  fatui  arc  very  various  and  often  variable.  The  late  expe- 
riments on  air  serve  to  furnish  a rational  explication  of  this  phe- 
nomenon, to  which  the  ignorant  and  superstitious  have  ascribed 
so  many  alarming  purposes.  Inflammable  air  has  been  found  to 
be  the  most  common  of  all  the  factitious  airs  in  nature,  and  to  be 
the  usual  product  of  the  putrefaction  and  decomposition  of  ve- 
getable substances  in  water;  and  Signior  Volta,  in  a letter  to 
Dr.  Priestley,  informs  him  that  he  fires  inflammable  air  by  the 
electric  spark,  even  when  the  electricity  is  very  moderate;  and 
he  supposes  that  this  experiment  explains  tbe  inflammation  of 
tiie  ignes  fatui,  provided  they  consist  of  inflammable  air  issuing 
from  marshy  ground,  by  the  help  of  the  electricity,  of  fogs,  and 
b>  falling  stars,  which  are  very  probably  thought  to  have  an 
electrical  origin. 

Dr.  Shaw  describes  an  ignis  fatuus,  which  he  saw  in  the 
Holy  Land,  that  was  sometimes  globular,  or  in  the  form  of  tbe 
flame  of  a candle,  and  immediately  afterwards  spread  itself  so 
much  as  to  involve  the  whole  company  in  a pale  inoffensive 
light,  and  then  contract  itself  again,  and  suddenly  disappear. 
But  in  less  than  a minute  it  would  become  visible  as  before  ; 
or,  running  along  from  one  place  to  another  with  a swift  pro- 
gressive motion,  would  expand  itself  at  certain  intervals  over  ' 
more  than  two  or  three  acres  of  the  adjacent  mountains. 
Tbe  atmosphere  at  this  time  had  been  ihiek  and  hazy  ; and  the 
dew  on  their  bridles  was  usually  clammy  and  nnetuous.  At 
sea  also,  in  similar  weather,  he  observed  those  electrical 
luminous  appearances  skip  about  the  masts  and  yards  of  ships, 
and  which  may  also  frequently  he  seen  playing  at  night  on  the 
arms  of  soldiers  encamped  in  low  grounds. 

IGNITION,  the  application  of  fire  to  metals,  till  they  become 
red-hot  without  melting.  Ignition  takes  place  in  gold,  silver, 
and  iron ; but  lead  and  tin  melt  before  they  are  red-hot. 

ILEX,  in  Botany,  holly,  a genus  of  the  tetrandria  telragynia 
class  and  order. — Natural  order  of  Dumosae.  Rhamni,  Jussieu. 
There  arc  sixteen  species.  This  genus  consists  of  small  trees, 
shrubs  with  alternate  leaves,  evergreen,  toothed,  or  thorny  ; and 
axillary,  many-flowered  peduncles.  I. Aquifolium, common  holly, 
is  usual!  v from  twenty  to  thirty  feet  in  height,  though  it  sometimes 
exceeds  sixty  feet.  The  holly  makes  an  impenetiable  fence, 
and  bears  cropping  well,  nor  does  its  verdure  suffer  from  the 
severest  of  our  winters.  The  wood  is  tbe  whitest  of  all  hard 
woods.  Sheep  and  deer  are  fed  daring  the  winter  with  the 
roppings.  Birds  eat  the  berries. — The  bark  fermented  and 


afterwards  washed  from  the  woody  fibres,  makes  the  common 
birdlime. 

ILIAC  Passion,  a violent  dangerous  kind  of  cholic  ; called 
also  volvulus , miserere  met,  and  ehortiapsus.  It  takes  its  name 
from  the  intestine  ition,  on  account  of  its  being  usually  affected 
in  this  distemper;  or  perhaps  from  tbe  Greek  verb  tOuiv,  “ to 
wind  or  twist/"  whence  also  the  Latins  call  it  calculus. 

ILLECEBHUM,  a genus  of  plants  belonging  to  the  pentau- 
dria  class,  and.  in  the  natural  method  ranking  under  tbe  12tb 
boloraceac. 

ILLICH’M.  a genus  of  plants  belonging  to  the  decandria 
class;  and  in  the  natural  method  ranking  with  those  of  which 
the  order  is  doubtful. 

ILLUMINATING,  a kind  of  miniature  painting,  anciently 
much  pr»ctis«d  for  illustrating  and  adorning  books.  Besides 
the  writers  of  books,  there  were  artists  whose  profession  was 
to  ornament  and  paint  manuscripts,  who  were  called  illumina- 
tors ; the  writers  of  books  first  finished  their  part,  and  the 
illuminators  embellished  them  with  ornamented  letters  ami 
paintings.  Wc  frequently  find  blanks  left  in  manuscripts  for 
the  illuminators,  which  were  never  filled  up.  Some  of  the 
ancient  manuscripts  are  gilt  and  burnished  in  a style  superior 
tn  later  times.  Their  colours  were  excellent,  and  their  skill  in 
preparing  them  must  have  been  very  great. 

ILLUMINATION,  that  which  results  from,  or  the  effect  of, 
a luminous  body. 

IMAGE,  in  Optics,  is  the  appearance  of  an  object  made 
cither  hy  reflection  or  refraction.  See  Lens,  Mirror,  RefLEC- 
tion.  and  Refraction. 

IMAGE,  iu  a religious  sense,  is  an  artificial  representation 
or  similitude  of  some  person  or  tiling,  used  either  by  way  of 
decoration  and  ornament,  or  as  an  object  of  religious  worship 
and  adoration  ; in  which  last  sense  it  is  used  indifferently  witli 
tbe  word  Idol.  Tbe  noble  Romans  preserved  the  imager  of 
their  ancestors  with  a great  deal  of  care  and  concern,  and  had 
them  carried  in  procession  at  their  funerals  and  triumphs; 
these  were  commonly  made  of  wax,  or  wood,  though  sometimes 
of  marble  or  brass.  They  plaoed  them  in  the  vestibule  of  their 
houses ; and  they  were  to  stay  there,  even  if  the  houses  hap- 
pened to  be  sold,  it  being  accounted  impious  to  displace  them 

Image,  in  Rhctorio,  also  signifies  a lively  description  of  any 
thing  in  discourse. 

Images,  in  discourse,  are  defined  by  Longinus  to  be,  in  gene- 
ral, any  thoughts  proper  to  produce  expressions,  and  which 
present  a kind  of  picture  to  the  mind.  But  in  tbe  more  limited 
sense,  he  says,  images  arc  such  discourses  as  come  from  ns. 
whon,  by  a kind  tif  enthusiasm,  or  an  extraordinary  emotion  of 
the  soul,  wc  present  them  before  the  eyes  of  those  who  hear  us. 

Images,  in  Rhetoric,  have  a very  diUcrem  use  from  what 
they  have  among  the  poets;  the  end  principally  proposed  in 
poetry  is,  astonishment  and  surprise ; whereas  the  thing  chiefly 
aimed  at  in  prose,  is  to  paint  things  naturally,  and  to  shew 
them  clearly.  They  have  this,  however,  in  common,  that  they 
both  tend  to  move,  each  in  its  kind. 

These  Images  or  Pictures  are  of  vast  use  to  give  weight,  mag- 
nificence, and  strength,  to  a discourse.  They  warm  and  ani- 
mate it;  and  when  managed  with  art,  according  to  Longinus, 
seem,  as  it  were,  to  tame  and  subduo  the  hearer,  and  put  him 
in  the  power  of  the  speaker. 

IMAGINARY  Q If  ANTI ties,  or  Impossible  Quantities,  in  Alge- 
bra, are  certain  expressions  that  arise  in  various  algebraical 
and  trigonometrical  operations,  to  which  no  value  either  ra- 
tional or  irrational  can  be  assigned,  yet  being  substituted  in  tbe 
equation  whence  they  were  deduced,  they  are  found  to  answer 
the  condition  of  the  question. 

IMAGINATION,  a power  or  faculty  of  the  mind,  whereby  it 
conceives  and  forms  ideas  of  things  communicated  to  it  by  the 
outward  organs  of  sense.  Though  the  fancy  and  the  imagina- 
tion are  nearly  allied,  yet  these  faculties  are  distinct. 

IMAM,  or  Imam,  a minister  in  the  Mahometan  church, 
answering  to  a parish  priest  among  us.  The  word  property 
signifies  what  we  call  a prelate,  antistes,  one  who  presides  over 
others;  but  the  Mussufmen  frequently  apply  it  to  a jicrsGu 
who  has  tbe  care  and  intendancy  of  a mosque,  who  is  always 
first  there,  and  reads  prayers  to  the  people,  which  they 
repeat  after  him.  Imam  is  also  applied,  by  way  of  excellence. 
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to  the  four  chiefs  or  founder*  of  the  four  principal  sects  in  the 
Mahometan  religion.  Thus,  Ali  is  the  Imam  of  the  Persians, 
or  of  the  sect  of  the  Sebiates ; Abu-bcker  the  Imam  of  the 
Sunites,  which  is  the  sect  followed  by  the  Turks;  Sapbii  or 
Stf-y,  the  Imam  of  another  sect.  See. 

IMBECILITY,  a languid  infirm  state  of  the  body,  which 
being  greatly  impaired,  is  not  able  to  perform  its  usual  exer- 
cises and  functions. 

1MUEZZLE,  signifies  to  steal  or  secrete  goods.  See.  intrusted 
to  a person's  charge.  Servants  embezr-ling  their  masters’ 
goods  to  the  value  of  40s.  are  guilty  of  felony,  and  subject  to 
transportation. 

IMBIBING,  the  action  of  a dry  porous  body,  that  absorbs  or 
takes  up  a moist  or  fluid  one:  thus  sugar  imbibes  water;  a 
sponge,  the  moisture  of  the  air,  kc. 

IMBRICATED,  is  used  by  some  botanists,  to  express  the 
figure  of  the  leaves  of  some  plants  which  arc  hollowed  like  an 
imbrex , Or  gutter-tile,  or  are  laid  in  close  scries  over  one 
another  like  the  tiles  of  a house. 

IMITATION,  derived  from  the  Latin  imitate,  **  to  repre- 
sent or  repeat,"  a sound  or  action,  either  exactly  or  nearly  in 
the  same  manner  as  they  were  originally  exhibited. 

Imitation,  in  Music,  admits  of  two  different  senses  ; sound 
and  motion  are  either  capable  of  imitating  themselves  by  a 
repetition  of  their  own  particular  modes,  or  of  imitating  other 
objects  of  a nobler  and  more  abstracted  nature. 

Imitation,  in  Oratory,  is  an  endeavour  to  resemble  a 
speaker  or  writer,  in  those  qualities  with  regard  to  which  wc 
propose  them  to  ourselves  as  patterns.  The  first  historians 
among  the  Romans,  says  Cicero,  were  very  dry  and  jejune,  till 
they  began  to  imitate  the  Greeks,  and  then  they  became  their 
rivals.  It  is  well  known  how  closely  Virgil  has  imitated 
Homer  in  his  jfvneid,  Hesiod  in  his  Georgies,  and  Theocri- 
tus in  his  Eclogues.  Terrence  copied  after  Menauder ; and 
Plautus  after  Epicarmus,  as  we  learn  from  Horace,  lib.  ii. 
ad  Angus  who  himself  owes  many  of  his  beauties  to  the 
Greek  lyric  poets.  Cicero  appears,  from  many  passages  in 
his  writings,  to  have  imitated  the  Greek  orators.  Thus  Quin- 
tilian says  of  him,  that  he  has  expressed  the  strength  and  sub- 
limity of  Demosthenes,  the  copiousness  of  Plato,  and  the 
delicacy  of  Socrates. 

IMITATIVE,  in  Music,  a term  applicable  to  that  music  which 
is  composed  in  imitation  of  the  effects  of  some  of  the  operations 
of  nature,  art,  or  human  passion. 

IMMATERIAL,  something  devoid  of  matter,  or  that  is  pure 
spirit. 

IMMEMORIAL,  in  Law,  an  epithet  given  to  the  time  or  du- 
ration of  any  thing  whose  beginning  we  know  nothing  of.  In  a 
legal  sense,  a thing  is  said  to  be  of  time  immemorial,  that  was 
before  the  lime  of  King  Edward  II. 

IMMENSITY,  an  unlimited  extension,  or  which  no  finite 
and  determinate  space,  repeated  ever  so  often,  can  equal. 

IMMERSION,  in  Astronomy,  is  when  a planet,  comet,  or 
other  heavenly  body  approaches  so  near  to  conjunction  with  the 
son,  that  it  is  enveloped  in  liis  rays,  and  lost  to  onr  observation. 
Immersion  also  denotes  the  beginning  of  an  eclipse,  or  of  an 
occulU:tion,  when  the  body  or  any  part  first  begin  to  disappear, 
either  behind  another  body  or  in  its  shadow  ; as  in  an  eclipse 
of  the  sun,  when  the  disc  is  first  covered  by  the  edge  of  the 
moon ; or  as  in  an  eclipse  of  the  latter  body,  when  she  first 
enters  the  terrestrial  shadow. 

IMMUTABILITY,  one  of  the  divine  attributes.  The  immu- 
tability of  God  is  two-fold,  physical  and  moral.  The  first  con- 
sists in  this,  that  the  divine  essence  does  not,  nor  possibly  can, 
receive  any  alteration  ; and  the  moral  immutability  is  founded 
on  the  perfection  of  his  nature,  whereby  he  always  wills  the 
same  things,  or  snch  as  arc  best  on  the  whole. 

IMPALPABLE,  that  whose  parts  are  so  extremely  minnte 
that  thev  cannot  be  distinguished  by  the  senses,  particularly  by 
that  of  reeling. 

IMPANNELING,  in  Law,  signifies  the  writing  down  or 
entering  into  parchment  list,  or  schedule,  the  names  of  a jury 
summoned  by  the  sheriff  to  appear  for  such  publio  services 
as  jories  are  employed  in. 

IMPARLANCE,  in  Law,  a petition  in  court  for  a day  to 
consider  or  advise  what  answer  the  defendant  shall  make  to 


the  plaintiff's  action,  and  is  the  continuance  of  the  cause  till 
another  day,  or  a longer  time  given  by  the  oourt. 

IMPASSIBLE,  that  which  is  exempt  from  suffering;  or 
which  cannot  undergo  pain  or  alteration.  The  Stoics  place  the 
souls  of  iheirwisc  men  in  an  impassible,  imperturbable  state. 

1MPASTATION,  the  mixture  of  various  materials  of  differ- 
ent colours  and  consistencies,  baked  or  bound  together  with 
some  cement,  and  hardened  cithor  by  the  air  or  by  fire. 

1MPATIENS,  Touch-me-not,  and  Halt  a mine,  a genus  of 
plants  belonging  to  the  syngenesia  class;  and  in  the  natural 
method  ranking  under  tbo  24th  order,  oorydnlcs. 

IMPEACHMENT,  an  accusation  and  proseention  for  trea- 
son, and  other  crimes  and  misdemeanours.  Any  member  of 
the  lower  boose  of  parliament  may  impeach  any  one  belonging 
either  to  that  body  or  to  the  house  of  lords.  The  method  of 
proceeding  is  to  exhibit  articles  on  the  behalf  of  the  commons, 
by  whom  managers  are  appointed  to  make  good  their  charge. 
These  articles  are  carried  to  the  lords,  by  whom  every  person 
impeached  by  the  commons  is  always  tried;  and  if  they  find 
him  guilty,  no  pardon  under  the  great  seal  can  be  pleaded  to 
such  an  impeachment,  12  William  III.  cap.  2.  The  most  cele- 
brated impeachment  in  our  own  times  was  that  of  the  late 
Warren  Hastings. 

Impeachment  of  Waste,  signifies  a restraint  from  com- 
mitting of  a waste  upon  lands  Bnd  tenements 

IMPEDIMENTS,  in  Law,  are  such  hinderances  ns  put  a 
stop  or  stay  to  a person  seeking  for  his  right  by  due  course  of 
law.  Persons  nndcr  impediments,  are  those  under  age  or 
coverture,  non  compos  mentis,  in  prison,  beyond  the  sea,  ke.  icc. 
who,  by  a saving  in  our  laws,  have  time  to  claim  and  prose- 
cute their  rights,  after  the  impediments  are  removed,  in  case  of 
fines  levied,  kc. 

IMPENETRABILITY,  forms  a discriminating  feature  of 
body.  This  principle  is  commonly  regarded  as  an  axiom,  but  it  is 
a truth  derived  from  early  and  invariable  experience.  It  rests 
on  the  incontrovertible  fact,  that  no  two  bodies  can  occupy  the 
same  space  in  the  same  precise  instant  of  time.  Had  the  case 
indeed  been  otherwise,  each  body  might  be  successively  ab- 
sorbed into  the  substance  of  another,  till  the  whole  frame  of  the 
univeise,  collapsing  into  a point,  were  lost  in  the  vortex  of 
annihilation.  Bat  although  the  most  palpable  observation 
sufficiently  attests  the  impossibility  of  the  mutual  compenetra- 
tion  of  bodies,  yet  this  property  may  be  farther  illustrated  and 
confirmed  by  a few  simple  experiments.  1.  A vessel  being  fill- 
ed to  the  brim  with  water,  if  any  solid  inoapable  of  dissolving 
in  Uiat  liquid,  be  plunged  in  it,  a portion  of  the  water  will  over- 
flow, exactly  equal  to  the  bulk  of  the  wood  or  metal  immersed. 
2.  If  a cylinder  bo  gradually  pressed  downwards  into  a glass 
cylinder  partly  filled  with  water,  the  liquid  will  rise  proportion- 
ally, till  the  space  passed  over  by  its  surface  shall  be  equal 
to  tbo  portion  of  the  cylinder  introduced.  These  two  experi- 
ments shew  that  water  opposes  the  entrance  of  a solid  sub- 
stance, and  retires  on  all  sides  to  give  room  for  its  advance. 
Simple  as  the  fact  appears,  it  was  first  distinctly  noticed  by 
Archimedes,  who  made  it  the  ground  of  his  hydrostatical  theory. 

The  same  truth  is  evinced  by  other  experiments.  3.  If  a 
cork  be  rammed  hard  into  the  neck  of  a phial  filled  with  water, 
the  phial  will  burst,  while  its  neck  remains  entire.  4.  Bladders 
filled  with  water,  and  disposed  upon  a table,  will  support  very 
large  weights  placed  on  a board  which  has  been  laid  over  them. 
5.  The  same  experiment  will  equally  succeed  with  bladders 
blown  full  of  air.  6.  The  disposition  of  the  air  to  resist  all 
penetration  is  made  conspicuous  in  another  way.  Let  a large 
and  very  tall  glass  vessel  be  nearly  filled  with  water,  on  the 
surface  of  which  a lighted  taper  is  set  to  float ; if,  over  this 
glass,  a smaller  cylindrical  vessel,  likewise  of  glass,  be  inverted 
and  pressed  downw  ards,  the  contained  air  maintaining  its  place, 
tbo  internal  body  of  the  water  will  descend,  while  the  rest  will 
rise  up  at  the  sides,  and  the  taper  will  appear  for  some  seconds 
to  hurt*  encompassed  by  the  whole  mass  of  liquid. 

IMPERATIVE,  one  of  the  moods  of  a verb,  used  when  we 
would  command,  entreat,  or  advise. 

IMPERFECT,  something  that  is  defective,  or  that  wants 
some  of  the  properties  found  In  other  beings  of  the  same  kind  : 
thus  mosses  are  called  imperfect  plants,  because  almost  all 
the  parts  of  fruotification  are  wanting  in  them. 
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Tmtu  rtect  Number*,  sue l»  a hose  aliquot  parts  taken  together 
do  either  exceed  or  full  short  of  that  whole  number  of  which 
they  e>e  purls ; they  are  either  abundant  or  deficient. 

1MPET1GENES,  in  Medicine,  descriptive  of  those  disorders 
which,  from  a general  had  habit,  manifest  themselves  principal- 
ly by  disfiguring  the  skin  and  external  parts  of  the  body. 

IMPETUS,  in  Mechanics, the  force  with  which  one  body  im- 
pel* or  atrikr*  another. 

IMPLEAl),  to  *uc  or  prosecute  by  course  oflaw. 

IMPLICATION,  iu  Law.  is  when  something  is  implied  that 
is  not  expressed  bj  the  parties  themselves  in  their  deeds,  con- 
tracts. or  agreements. 

IMPLY,  To,  or  Carry,  in  Music.  These  we  have  used  ns 
synonymous  terms  in  that  article.  They  are  intended  to  sig- 
nify those  sounds  which  ought  to  be  the  propor  concomitants 
of  any  note,  whether  by  its  own  nature,  or  by  its  position  in 
artificial  harmony.  Thus  every  note,  considered  as  an  inde- 
pendent sound,  may  be  said  to  carry  or  imply  its  natural  har- 
monics. that  is  to  say.  its  octave,  its  twelfth,  and  its  seven- 
teenth; or,  when  reduced,  its  eighth,  its  fifth,  and  its  third, 
liut  the  same  suund.  when  considered  as  constituting  any  part 
of  harmony,  is  subjected  to  other  laws  and  dilFcrent  limitations. 
It  can  only  be  said  to  carry  or  imply  such  simple  sounds,  or 
complication  of  sound,  as  the  preceding  and  subsequent  chords 
admit  or  require.  For  these  the  laws  of  melody  and  harmony 
must  be  consulted.  See  Melody  and  Harmony. 

IMPONDERABLE  Substances,  are  light  heat,  and  electri- 
city, which  have  no  sensible  weight. 

IMPORTATION,  the  act  of  bringing  goods  into  a country 
from  foreign  parts.  It  has  generally  been  considered,  that  for 
any  country  to  carry  on  a profitable  trade,  it  is  necessary  thnt 
the  value  of  the  goods  sent  out  of  it  should  be  greater  than  that 
of  the  articles  imported;  this,  however,  is  a very  eroneous 
axiom,  unless  it  is  understood  with  great  limitations.  All  arti- 
cles of  merchandise  imported  merely  for  re-exportation,  and 
also  such  as  ate  used  or  worked  up  in  our  own  manufactures, 
are  far  from  being  hurtful  to  our  commerce,  and  may  even,  in 
many  respects,  be  deemed  of  equal  profit  with  our  own  native 
commodities.  It  is  therefore  an  excess  of  such  importations 
alone,  as  are  either  for  mere  luxury  or  mere  necessity,  or  for 
both  togrther.  which  is  disadvantageous  to  the  country. 

IMPOST,  in  Architecture,  a capital  or  plinth  to  a pillar  or 
pilaster,  or  pier  that  supports  an  arch,  fice. 

Impost,  in  Law,  signifies,  in  general,  a tribute  or  custom, 
but  is  more  particularly  applied  to  signify  thnt  tax  which  the 
crown  receives  for  merchandises  imported  into  any  port  or 
haven. 

IMPOSTHUME,  or  Abscess,  a collection  of  matter  or  pus 
in  any  part  of  the  body,  either  owing  to  an  obstruction  of  the 
fluids  in  that  part,  which  makes  them  change  into  such  matter, 
or  a translation  of  it  from  some  other  part,  where  it  was  gene- 
rated. 

IMPOSTOR,  in  a general  sense,  denotes  a person  who 
cheats  by  a fictitious  character, 

Impostors,  Religious,  are  such  as  falsely  pretend  te  an 
extraordinary  commission  from  heaven,  nnd  who  terrify  and 
abuse  the  peoplo  with  false  denunciations  of  judgments.  These 
are  punishable  in  the  temporal  court  with  fine,  imprisonment, 
and  infamous  corporal  punishment. 

IMPOTENCE,  or  Imfotency,  in  general,  denotes  want  of 
strength,  power,  or  means  to  perform  any  thing.  Divines  and 
philosophers  distinguish  two  sorts  of  impotcncy;  natural  and 
inoral.  Tho  first  is  a want  of  some  phjsical  principle,  neces- 
sary to  an  action;  or  where  a being  is  absolutely  defective,  or 
not  free  and  at  liberty  to  act;  the  second  only  imports  a great 
difficulty  , as  a strong  habit  to  tbe  contrary,  violent  passion,  or 
the  like. 

IMPRECATION,  (derived  from  im  and  preeor , “I  pray.'*) 
a curse,  or  wish  that  some  evil  may  befall  any  one.  The 
ancients  had  their  goddesses  called  imprecatwns,  in  Latin 
Jhra,  i.  c.  Deoiitin  ira,  who  were  supposed  to  be  the  execu- 
tioners of  evil  consciences.  They  were  called  Dira*  in  heaven, 
Furies  on  earth,  and  Euinenides  in  hell.  The  Homans  owned 
but  three  of  these  imprecations,  and  the  Greeks  only  two. 
They  invoked  them  w itli  prayers  and  pieces  of  verses,  to  destroy 
their  enemies. 
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IMPREGNATION,  the  slate  of  a female  being  with  young. 
See  Conception.  The  term  impregnation  is  also  used  in 
Pharmacy,  for  communicating  the  virtues  of  one  mcdiciuc  to 
another,  whether  by  mixture,  coclion,  digestion,  fitc. 

IMPRESSING  Seamen.  The  power  of  impressing  sea- 
faring  men  for  the  sea  service  by  the  king’s  commission,  has 
been  n matter  of  some  dispute,  and  submitted  to  with  great 
reluctance ; though  it  has  very  clearly  and  learnedly  been 
shewn  by  Sir  Michael  Forster,  that  the  practice  of  impressing, 
nnd  gi  anting  powers  to  the  admiralty  for  that  purpose,  is  of  a 
very  ancient  date,  and  has  been  uniformly  contiuucd  by  a regular 
series  of  precedents  to  the  present  lime;  whence  he  concludes 
it  to  he  part  of  the  common  Jaw.  The  difficulty  arises  from 
j hence,  that  no  statute  has  expressly  declared  this  power  to  he 
in  tbo  crown,  though  many  of  them  very  strongly  imply  it. 
The  statute  2 Rich.  II.  c.  4.  speaks  of  mariners  being  arrested 
and  retained  for  the  king’s  service,  as  of  a thing  well  known, 
and  practised  without  dispute;  and  provides  the  remedy 
against  tho  running  away.  By  a later  statute,  if  any  water- 
man, who  uses  the  Thames,  shall  hide  himself  during  the  exe- 
cution of  any  commission  of  pressing  for  tbo  king’s  service,  ho 
is  liable  to  heavy  penalties.  By  another,  (5  Elis.  c.  6.)  no 
fisherman  shall  he  taken  by  the  queen's  commission  to  serve 
as  a mariner ; but  the  commission  shall  be  brought  Grst  to  twu 

I justices  of  the  peace  inhabiting  near  the  sea-coast,  wbeve  the 
mariners  arc  to  be  taken,  to  the  intent  that  the  justices  may 
choose  oat  and  return  such  a number  of  able-bodied  men,  as  in 
the  commission  arc  contained,  to  serve  her  majesty.  And  by 
others,  especial  protections  are  allowed  to  seamen  in  particular 
circumstances,  to  prevent  them  from  being  impressed-  Ferry* 
men  are  also  said  to  be  privileged  from  being  impressed,  at 
\ common  law.  All  which  do  most  evidently  imply  a power  ol 
impressing  to  reside  somewhere  ; and  if  any  where,  it  must,  from 
; the  spirit  or  our  constitution,  as  well  as  from  the  frequer.t  men- 
I lion  of  tho  king's  commission,  reside  in  the  crown  alone.  After 
all,  however,  this  method  of  manning  the  navy  is  to  he  con- 
: sidcred  as  only  defensible  from  public  necessity,  to  which  all 
’ private  consideration  must  give  way.  Tbe  following  persons 
are  exempted  from  being  impressed: — Apprentices  for  three 
jears  ; the  master,  mate,  carpenter,  and  one  men  for  every  loir 
tons,  of  vessels  cmp1o)cd  in  the  coal  trade;  all  under  16  years 
of  age,  and  above  65;  foreigners  in  merchant  ships  ami  pri- 
vateers ; landmen  betaking  themselves  to  sea  for  two  years  . 
seamen  in  the  Greenland  fishery,  and  harpooners,  employed, 
during  the  intervul  of  the  fishing  season,  in  the  coal  trade,  and 
giving  security  to  go  to  tho  Ashing  next  season. 

IMPRESSION,  is  applied  to  a species  of  objects  which  are 
supposed  to  make  some  mark  or  impression  ou  the  senses,  t'vc 
mind,  and  the  memory.  Tho  Peripatetics  assert,  that  bodies 
emit  species  resembling  them,  which  are  conveyed  to  the  com- 
mon  senserium,  and  they  are  rendered  intelligible  by  the  active 
intellect;  and  when  thus  spiritualized,  arc  called  expressions, 
or  express  species,  as  being  expressed  from  the  others. 

Impression,  also  denotes  the  edition  of  a book,  regarding 
the  mechanical  part  only ; whereas,  besides  this,  it  takes  ihe 
care  of  the  editor,  who  corrected  or  augmentod  the  copy,  add- 
ing notes.  See.  to  render  the  work  more  useful. 

IMPRISONMENT,  the  state  of  a person  restrained  of  his 
liberty,  and  detained  under  the  custody  of  another.  No  per- 
son is  to  bo  imprisoned  but  as  the  law  directs,  either  by  tbo 
command  or  order  of  a court  of  record,  or  by  law  ful  wnnant ; 
or  the  king’s  process,  on  which  one  may  be  lawfully  detained. 
And  at  common  law,  a person  could  not  be  imprisoned  unless 
he  were  guilty  of  some  force  and  violence,  for  w hich  his  body 
was  subject  to  imprisonment,  as  one  of  the  highest  executions. 
Where  the  law  gives  power  to  imprison,  in  sueh  ca?es  it  is 
justifiable,  provided  he  that  does  it  in  pursuance  of  a statute, 
exactly  pursues  the  statute  in  the  manner  of  doing  it;  for 
otherwise  it  will  be  deemed  false  imprisonment,  and  of  conse- 
quence it  is  unjustifiable.  Even  warrant  of  commitment  for 
imprisonment  ought  to  run,  44  till  delivered  by  duo  course  of 
law,”  and  "not  until  further  order;”  which  has  been  held  ill : 
and  thus  it  also  is,  where  one  is  imprisoned  on  a warrant  not 
mentioning  any  cause  for  which  lie  is  committed.  But  an  act 
| of  this  kind  can  rarely  occur  in  Britain. 

] False  Imprisonment.  Ever;,  confinement  of  (he  person  is 
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nu  imprisonment,  whether  it  be  in  common  prison,  or  in  a pri- 
vntc  house.  ur  in  llio  slocks.  or  even  by  forcibly  detaining  one 
in  the  public  sfrcrls.  Unlawful  or  false  imprisonment,  consists 
in  such  confiirment  or  detention  without  sufficient  authority: 
which  authority  may  ari»e  either  from  some  process  from  the 
courts  of  justice;  or  from  some  warrant  from  a legal  power  to 
commit,  under  his  hand  nnd  seal,  and  expressing  the  cause  of 
such  commitment ; or  from  some  other  special  cause  warranted, 
for  the  necessity  of  the  thing,  either  by  common  law  or  act  of 
parliament;  such  as  the  arresting  of  a felon  by  a private  per- 
son without  wairant,  the  impressing  of  mariners  for  the  public 
service,  or  the  npptcbemling  of  w aggoners  for  misbehaviour  in 
the  public  highways.  False  imprisonment  also  may  arise  by 
cxrcntiug  a lawful  warrant  or  process  at  an  unlawful  lime,  as 
on  n Sunday ; or  in  a place  privileged  from  arrests,  as  in  the 
verge  of  the  king's  court.  This  is  the  injury.  The  remedy  is 
of  two  sorts,  the  one  removing  the  injury,  the  other  making 
satisfaction  for  it.  Tin*  satisfactory  remedy  for  this  injury  of 
false  imprisonment,  which  is  generally  and  almost  unavoid- 
ably accompanied  with  a charge  of  assault  and  battery  also,  is, 
that  the  party  therein  shall  recover  damages  for  the  injuries  he 
has  received  : and  also  the  defendant  is,  as  for  all  other  injuries 
committed  with  force,  or  vi  et  armis,  liable  to  pay  a fine  to  the 
king  for  the  violation  of  the  public  peace. 

IMPROPRIATION,  is  when  a benefice  ecclesiastical  is  in 
the  hands  of  a layman,  and  Appropriation  when  in  the  hands  or 
a bishop,  college,  or  religious  house.  It  is  said  there  arc  3645 
impropriations  iu  England. 

IMPULSE,  a momentary  action, or  force,  sui-h  as  that  which 
arises  frum  the  sudden  explosion  of  fired  gunpowder,  or  the 
momentum  of  a moving  body. 

IMPULSION,  in  Mechanical  philosophy,  a term  employed 
for  expressing  a supposed  peculiar  exertion  of  the  powers  of 
body,  by  which  a moving  body  changes  the  motion  of  another 
body  by  hitting  or  striking  it.  The  plainest  case  of  this  action 
is.  when  a body  in  motion  bits  another  body  r.t  rest,  and  puts 
it  iu  motion  by  the  stroke.  The  body  thus  put  in  motion  is  said 
to  be  impelled  by  the  other;  and  this  way  of  producing  motion 
is  called  impulsion,  to  distinguish  it  from  pressiou,  pushing,  or 
protrusion,  by  which  we  pu>h  a body  from  its  place  without 
striking  it.  The  term  has  been  graduuily  extended  to  every 
change  of  motion  occasioned  by  the  collision  of  bodies.  See 
Mechanics. 

IMPULSIVE,  relating  to  impulse. 

MPUTATION,  in  grneral,  the  charging  something  to  the 
account  of  one  which  belonged  to  another;  thus  the  assertors 
of  original  sin  maintain,  that  Adam's  sin  is  imputed  to  all  his 
posterity.  In  the  same  sense,  the  righteousness  and  merits 
of  Christ  arr  imputed  to  true  believers. 

INACCESSIBLE,  that  which  cannot  be  approached  ; thus 
we  sny  inaccessible  A eight,  distance,  $•<*.  See  Accessiiile 
Ilnr.iiT  and  Distance. 

INALIENABLE,  that  which  cannot  be  legally  alienated  or 
made  over  to  another ; thus  tho  dominions  of  the  king,  the 
revenues  of  the  church,  the  estates  of  a minor,  &c.  are  inalien- 
able. otherwise  than  with  a reserve  of  the  right  of  redemption. 

INARCHING,  in  Gardening,  a method  of  grafting,  usually 
called  grafting  hy  approach. 

INAUGURATION,  tho  coronation  of  an  emperor  or  king, 
or  the  consecution  of  a prelate  ; so  called  front  the  ceremonies 
used  by  the  Roman*,  when  they  were  received  into  the  college 
of  augurs. 

IN  AUTRE  DROIT,  in  another's  right,  is  where  executors 
or  administrators  sue  for  debtor  duty, (kc.  of  the  testator  or 
intestate. 

INCANTATION,  denotes  certain  ceremonies,  firrompanicd 
with  a formula  of  words,  and  supposed  to  be  capable  of  rinsing 
devils,  spirits.  Sec.  See  Chirm,  See. 

INCAPACITY,  in  the  Canon  law.  Is  of  two  kinds.  I.  The 
want  of  dispensation  for  age  in  a minor,  for  legitimation  in  a 
bastard,  and  the  like:  this  renders  the  proviaicn  of  a benefice 
void  in  its  original.  2.  Climes  and  heinous  offences,  which 
annul  provisions  at  first  valid. 

INCARNATION,  in  Theology,  denotes  the  act  whereby  the 
Son  of  God  assumed  the  human  nature  ; or  the  mystery  by 
which  Jesus  Christ,  the  eternal  Word,  was  made  man,  in  order 


to  accomplish  the  work  of  our  salvation.  The  era  used  among 
Christians,  whence  tlicv  number  their  years,  is  the  time  ol 
the  incarnation,  that  is,  of  Christ’s  conception  in  the  virgin's 
womb. 

INCENDIARY,  in  Law,  is  applied  to  one  who  is  guilty  of 
maliciously  setting  fire  tu  another's  dwelling-house;  and  all 
houses  that  arc  parcel  thereof,  though  not  contiguous  to  it,  or 
under  the  same  roof,  as  barns  and  stables.  A bare  intent  or 
attempt  to  do  this,  by  aotually  setting  fire  to  a house,  unless  it 
absolutely  burns,  does  not  fall  within  the  description  of  incendit 
et  consumpsit . Hut  the  burning  and  consuming  of  any  part  is 
sufficient,  though  the  Gre  be  afterwards  extinguished.  It  must 
also  be  a malicious  burning;  otherwise  it  is  only  a trespass. 
This  offence  is  called  arson  in  our  law. 

INCENSE,  or  Fhaneincensk,  in  the  Materia  Medica,  &c. 
a dry  resinous  substance,  known  among  authors  by  the  names 
that  and  olibanvm.  Incense  is  a rich  odour,  with  which  the 
Pagans  and  the  Roman  Catholics  still  perfume  their  temples 
altars,  &c.  The  words  como  from  the  Latin  tnrnuum,  q.d. 
burnt;  a*  taking  the  effect  for  the  thing  itself.  The  burning 
of  incense  made  part  of  the  daily  service  of  the  ancient  Jewish 
church.  The  priests  drew  lots  to  know  who  should  offer  it  * 
the  destined  person  took  a largo  silver  dish,  in  which  was  a 
cc riser  full  of  incense ; and  bring  accompanied  by  another 
priest  earning  same  live  coals  from  the  altar,  went  into  the 
; temple.  There,  in  order  to  give  notice  to  the  people,  they 
1 struck  upon  nn  instrument  of  brass,  placed  between  the  temple 
j and  the  altar ; and  being  returned  to  the  altar,  he  wbobrought  the 
fire  to  the  altar  left  it  there,  and  went  away.  Then  the  offerer  of 
j incense  having  said  a prayer  or  iso,  waitrd  the  signal,  which 
was  tho  burning  of  tho  holocaust;  immediately  upon  which  he 
J set  fire  to  the  incense,  the  whole  multitude  continuing  all  tho 
time  in  prayer.  The  quantity  of  incense  offered  each  day  was 
half  a pound  in  the  morning,  nml  as  much  at  night. 

Tho  reason  of  this  continual  burning  of  incense  might  he, 
that  the  multitude  of  victims  that  were  continually  offered  up, 
would  have  made  the  teruplc  smell  like  a slaughter-house,  and 
consequently  have  inspired  (ho  comers  rather  with  disgust  and 
aversion,  than  awe  and  reverence,  had  it  not  been  overpowered 
by  the  agreeable  fragrance  of  those  perfumes. 

INCEST,  is  the  carnal  knowledge  of  persons  within  the  Levi- 
tical  degrees  of  kindred. 

INCH,  a measure  of  length  ; being  tho  12th  part  of  a foot, 
and  equal  to  three  barleycorns  in  leugth. 

INCHASING.  See  Enciia&ino. 

INCIDENCE,  in  Mechanics  and  Optics,  is  used  to  denote 
the  direction  in  which  a body  or  ray  of  light  strikes  another 
body,  and  is  otherwise  called  inclination.  In  moving  bodies, 
their  incidence  is  said  to  be  perpendicular  or  oblique,  according 
as  their  lines  of  motion  make  a straight  line  or  an  angle  at  the 
point  of  eontact. 

Angle  of  Incidence,  generally  denotes  the  angle  formed 
by  the  line  of  incidence  and  a line  drawn  from  the  point 
of  contact  perpendicular  to  the  plane  or  surface  on  which  tho 
body  or  ray  impinges.  Thus  if  a body 
A impignrs  on  the  plane  D B,  at  tho 
point  B,  and  the  perpendicular  BH 
be  drawn,  then  the  angle  A B II  is  ge- 
nerally called  the  angle  of  incidence, 
and  ABD  the  angle  of  inclination. 
Dr.  Wallis,  however,  and  some  other 
old  authors,  call  tbe  angle  ABD  the 
angle  of  incideuce,  being  that  included  betwoen  the  line  of  inci- 
dence, and  the  surface*  of  the  plane  on  which  the  body  im- 
pinges ; the  complement  of  ilmt  angle,  ns  A H II,  being  by  theso 
writers  culled  the  angle  of  inclination.  Other  distinctions  are 
made  hy  W'olfius  in  the  denomination  of  these  angles,  but  they 
are  of  very  trilling  importance. 

1.  It  is  demonstrated  by  writers  on  optics,  that  the  Angle  of 
incidence  A B II,  is  always  equal  to  tl»«*  angle  of  reflectio 
II  B C ; or  the  agle  A BI)  = angle  C B E.  See  Rt  flection. 
2.  It  has  also  been  drmonsliatcd  from  experiment,  that  tho 
angle*  of  incidence  and  refraction  arc  to  each  other,  accurately 
or  very  nearly,  in  a given  ratio.  3.  That  from  air  to  glass  tho 
sine  of  the  angle  of  incidence  is  to  the  sine  of  the  refracted 
angle,  as  300  to  193,  or  nearly  as  14  to  9 ; and  on  tire  contrary. 
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from  glass  to  air,  Ibc  angle  of  inci  dcncc  to  that  of  refraction,  is  i 
u.i  198  to  :tOO,  or  n<  »rly  ns  U to  14.  See  Hf.umction. 

Axit  of  Incidence,  is  the  line  li  H in  the  preceding  figure. 

list  of  Incidence,  or  Incident  /lay,  in  Catoptrics  and  Di~ 
eptriet,  is  the  line  of  dirccliou  in  which  a r ;»>  is  propagated.  as 
i!n  line  A U,  in  the  iboie  figure  , this  is  also  called  the  Inci* 
DENT  Rap. 

Point  of  INCIDENCE,  is  the  nnint  where  the  incident  raj  meets 
the  reflecting  or  refracting  body  ; such  is  the  point  U. 

INCIDENT,  signifies  a thing  necessarily  depending  upon  i 
another  a*  more  principal. 

INCLIN  \TION,  denotes  the  matnal  approach  or  tendency 
of  two  bodies,  lines,  or  planes,  towards  each  other,  so  that  the 
lines  of  their  direction  make  at  the  puiul  of  contact  any  angle 
of  treater  or  less  magnitude. 

Inclination  of  n Hip At  Line  to  a Plane,  is  the  acute  angle  » 
w hieli  such  a ri^ht  line  makes  with  another  right  line,  drawn  in  ■ 
the  plane  through  the  point  where  the  inclined  line  intersects  J 
it,  and  through  the  point,  where  it  is  fclso  cut  by  a perpendi- 
eular  drawn  from  any  point  of  the  inclined  lines. 

Inclination  of  Meridian*,  in  Dialling,  the  angle  lhat  the  , 
hour  line  on  the  globe,  which  is  perpendicular  to  the  dial  plane,  : 
makes  with  the  meridian. 

Inclination  of  an  Incident  Hap,  otherwise  called  the  angle 
of  Inclination.  See  Angle  of  Incidence. 

Inclination  of  a Reflected  Hap,  is  the  angle  which  a ray 
after  refraction  makes  with  the  axis  of  inclination. 

Inclination  of  the  Axit  of  the  Earth,  is  the  angle  which  it  i 
makes  with  the  plane  of  the  ecliptic;  or  the  angle  belwccu  the 
planes  of  the  equator  and  ecliptic. 

Inclination  of  the  Magnetic  Needle.  See  Ditpino  Needle. 

Inclination  of  a Planet , is  un  arc  or  angle  comprehended 
between  the  ccliptie,  and  the  plane  of  a planet  in  its  orbit. 

Inclination  of  a Plane,  in  Dialling,  is  the  arc  of  a vertical 
circle  perpendicular  both  to  the  plane  and  to  the  horizon,  and 
intercepted  between  them. 

Inclination  of  two  Planet,  is  the  acute  angle  made  by  two 
lines  drawn  one  in  each  plane,  through  a common  point  of  sec* 
tion,  and  perpendicular  to  the  same  common  section. 

Inclination,  Angle  of,  in  Optics,  is  the  same  that  is  other- 
wise called  the  angle  of  Incidence. 

INCLINED  Plane,  in  Mechanics,  as  the  name  imports,  is 
a plane  which  forms  with  an  borisontat  plane  any  angle  whatever, 
forming  one  of  the  simple  mechanical  powers.  The  inclination 
of  the  plane  is  measured  by  the  angle  formed  by  two  lines 
drawn  from  the  sloping  and  the  horisontal  plane,  perpendicular 
to  their  common  intersection.  The  principal  mechanical  pro- 
perties of  the  inclined  plane  are  as  follows  ; viz. 

1.  When  a body  is  sustained  upon  an  inclined  plane,  the 
sustaining  power,  or  weight,  will  be  to  the  weight  of  the  body, 
as  the  sine  of  the  plane’s  inclination  is  to  the  sine  of  the  angle 
which  the  direction  of  the  power  makes  with  a perpendicular 
to  the  plane. 

Thus,  let  A B be  an  inclined  plane, 

W a weight  sustained  upon  that  plane 
by  the  powcr,WP  the  line  of  the  direc- 
tion of  the  power,  and  \VC  a perpendi- 
cular to  the  plane  A B : then 

P : W:  :sine  Z ABC  sineZ  P WC. 

When  W F coincides  with  WA.  that  is, 
when  the  power  acts  in  a direction  pa- 
rallel to  B A,  limn  the  proportion  be- 
comes P : W : : sine  or  plane's  incli- 
nation : radius;  or,  which  is  the  same  thing,  P:  W ::  AC: 
BA  ; that  is, 

the  power  : weight  : : height  of  the  plane  : its  length. 

When  a plane  is  inclined  to. the  horizon  one  third  of  its  whole 
length,  am  body  will  be  kept  from  rolling  down  lhat  plane,  by  : 
a power  equal  to  a third  part  of  the  weight  of  the  body.  If  D A 
bo  six  feet  and  B D two  feet : then  if  C be  six  pounds,  a power 
of  two  pounds  will  suppotl  it:  if  the  height  of  the  plane  be 
equal  to  half  its  length,  a power  equal  to  half  the  weight 
of  the  body  will  support  it:  but  n plr.no  perpendicularly 
situated,  ought  not  to  come  under  the  denomination  of  this 
article,  because  the  plane  in  such  a direction  MUtrlbutM 
nothing  to  the  support  or  liindcrance  of  the  falling  body,  which  , 


descendswith  itn  whole  forte 
of  gravity,  unless  prevented 
by  a power  equal  to  its 
whole  weight. 

It  is  obvious  from  this 
illustration,  that  the  less  the 
angle  of  elevation,  or  the 
gentler  the  ascent  is,  the 
greater  will  be  the  weight  which  a given  power  can  draw  up; 
for  the  steeper  the  inclined  plane  is,  the  less  does  it  support  of 
the  weight ; and  the  greater  the  tendency  which  the  weight  lias 
to  roll,  consequently  the  more  difficult  for  the  power  to  support 
it : hence  the  advantage  gained  hy  this  mechanical  power  is  as 
great  ns  its  lengtb(AD)  exceeds  its  perpendicular  height  ( BD). 

1 If  two  bodies  keep  each  other  in  cquilihrio,  by  » string 
passing  over  the  vertex  of  two  different  inclined  planes,  the 
weights  of  the  bodies  will  bo  to  each  other  as  the  sines  of  the 
angles  of  inclination  of  the  opposite  planes. 

That  is,  W : l*  : : sine  Z B C A : sine  £ ABC; 

or  W : P : ; B A : A C ; 
because  the  sides  of  triangles  are  to 
each  other  as  the  sines  of  their  oppo- 
site angles. 

The  velocity  acquired  by  a body  de- 
scending by  the  action  of  gravity  down 
an  inclined  plane,  is  to  the  velocity  of 
a body  falling  perpendicularly  during 
the  shme  time,  as  the  height  of  the  plane  is  to  the  length. 

The  force  whereby  a body  descends  down  on  inclined  plane 
is  to  the  absolute  force  of  gravity,  as  the  height  of  the  plane  to 
its  length  ; which  being  a constant  ratio  for  the  same  plane,  it 
follows  that  the  force  whereby  the  body  descends  is  uniform, 
and  consequently  that  it  will  produce  a uniformly  accelerated 
motion.  Therefore  all  the  laws  laid  down  under  the  article 
Acceleration  have  equal  place  with  regard  to  bodies  on  in- 
clined planes,  by  merely  substituting  for  gravity  the  product  of 
gravity  into  the  sine  of  the  plane’s  inclination.  The  same  is 
also  true  with  regard  to  the  retardation  in  bodies  projected  up 
any  given  inclined  planes. 

3.  Hence  again  the  space  descended  down  inclined  planes 
is  to  the  space  perpendicularly  described  in  the  same  time,  as 
the  height  of  the  plane  is  to  its  length. 

Consequently  the  velocities  acquired, 
and  the  spaces  descended  by  bodies 
down  different  inclined  planes  in  the 
same  time,  arc  as  the  sines  of  the  plane’s 
elevation. 

If  A B be  any  inclined  plane,  and  D C 
be  drawn  perpendicular  to  A B ; then 
— C while  a body  falls  freely  through  the  per- 
pendicular B C,  another  body  will  In  the  same  time  descend 
down  the  part  of  the  plane  B D. 

B Hence  we  dedupe  the  following  curious 
property  of  bodies  descending  down  inclined 
planes.  In  any  right-angled  triangle  having 
its  hypothenusc  BC  perpendicular  to  tlm 
horizon,  a body  will  descend  down  any  of  its 
three  sides,  B D,  B C,  D C,  in  the  same  time. 
And  therefore,  if  on  the  diameter  B C a semi- 
circle he  described,  the  time  of  descending 
down  any  chords  It  O,  B IX,  B D",  kc.  DC, 
D'C.  D"C,  &c.  will  be  nil  equal,  and  each 
equal  to  the  time  of  falling  freely  through  the 

diameter  B C. 


The  time  of  descending  down  an  inclined  plane,  is  to  the 
time  in  falling  through  Its  perpendicular  height,  as  the  length 
of  the  plane  is  to  its  height.  Consequently  the  times  of  de- 
scending down  different  planes  of  the  same  height  arc  as  the 
lengths  of  the  planes. 

A body  acquires  the  same  velocity  in  descending  down  an 
inclined  plane,  as  in  falling  perpendicularly  through  the  height 
of  the  plane.  Hence  the  velocities  are  always  the  same  in 
planes  of  the  same  altitude,  w hatever  may  be  their  degrees  of 
ncli  nation. 

We  may  form  an  inclined  plane  by  placing  boards  of  earth 
or  other  materials  in  a sloping  direction.  The  sides  of  hills. 
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trcdfes,  screws,  jacks,  &c.  are  all  nwd  in  merhanies  on 
the  same  principle  ; and  llnir  power  depends  nn  the  proportion 
between  the  height  actually  attained,  and  the  length  of  the 
plane  moved  over. 

INCLINERS.or  Inclining  Dials,  are  such  as  are  drawn  oo 
planes  that  are  not  perpendicular  to  tho  horizon. 

INCLOSURES.  Any  person  who  shall  wilfully  or  malici- 
ously destroy  or  damage  any  fence  mude  for  enclosing  any 
common  waste,  or  other  lands,  in  pursuance  of  any  act  of  par- 
liment.  shall  he  transported  for  seven  years. 

INCOMBUSTIBLE  Cloth.  See  Asbestos.  On  this.  Cron- 
stadt  observes,  that  the  natural  stone  of  the  asbesti  is  in  pro- 
portion to  thrir  economical  use,  both  being  very  inconsiderable. 
It  is  nn  old  tradition,  that  in  former  ages  they  made  clothes  of 
the  fibrous  Bsbesti,  which  is  said  to  he  composed  of  the  word  ; 
/'t/titu  ; but  it  is  not  very  probable,  since,  if  one  may  conclude 
from  some  trifle*  now  made  of  it,  as  bags,  ribbons,  and  other  1 
things,  such  n dress  could  neither  have  an  agreeable  appear- 
ance, nor  bo  of  any  convcniency  or  advantage.  It  is  more 
probable,  that  the  .Scythians  dressed  their  dead  bodies  which 
were  to  he  burned,  in  a doth  manufactured  of  this  stone  ; and 
litis  perhaps  bus  occasioned  the  above  fable.  Mr.  Magellan 
confirms  this  opinion  of  Uronstadt’s,  and  informs  us,  that  some 
of  the  Romans  also  enclosed  dead  bodies  in  cloth  of  this  kind. 
In  the  year  1756  or  1757.  he  tells  us,  that  he  saw  a large  piece 
of  asbestos  cloth  found  in  a stone  tomb,  with  the  ashes  of  u 
Roman,  as  appeared  by  the  epitaph.  It  was  kept  with  the 
tomb  also,  if  our  author  remembers  rightly,  in  the  right 
wing  of  the  Valican  library  at  Rome.  The  under  librarian,  in 
order  to  shew  that  it  w as  incombustible,  lighted  a candle,  and 
lot  some  drops  of  wax  fall  on  the  cloth,  which  he  set  ou  fire  with 
a candle  in  his  presence,  without  any  detriment  to  the  cloth. 
Its  texture  was  coarse,  but  much  softer  than  he  could  have 
expected. 

There  are  many  substances  of  vegetable  origin,  of  common 
domestic  use,  which  it  would  be  of  the  utmost  importance  to 
render  less  liable  to  be  set  on  tire,  if  they  could  not  be  rendered 
incombustible  altogether.  If  muslins,  and  other  cotton  goods, 
be  dipped  in  a weak  solution  of  potass,  they  will  be  less  liable 
to  burn  ; but  the  objection  is,  that  by  the  attraction  of  moisture 
from  the  atmosphere,  they  would  be  less  agreeable.  It  has 
also  been  found,  that  solutions  of  muriate,  sulphate,  phosphate, 
and  borate  of  ammonia,  with  borax,  render  cloth  incombustible. 
Acidulous  phosphate  of  lime  has  the  same  effect.  Linen,  mus- 
lin, wood,  or  paper,  dipped  in  a solution  of  this  salt,  of  the 
specific  gravity  of  1126  to  160,  are  completely  incombustible 
and  may  he  charred  by  intense  heat.  but  will  not  burn.  Seve- 
ral experiments  wcic  made  at  Venice  in  1807,  by  a Monsieur 
Gnnzatti,  with  a liquor,  which  being  thrown  in  a small  quantity 
on  any  combustible  article  on  fire,  has  immediately  extinguish- 
ed it.  A few  drops  only,  being  thrown  on  a quantity  of  resin 
and  oil,  which  was  burning,  the  fire  was  immediately  extin- 
guished ; and  it  was  said  that  a layer  of  this  composition  being 
spread  upon  any  wood  work.it  was  entirely  safe  from  combus- 
tion. The  inventor  would  not  make  known  the  preparation  of 
Ins  composition,  but  it  was  very  probably  a solution  of  alum, 
potass,  and  vitriol. 

INCOMMKNSUR \BLE  Lines,  are  such  as  have  no  com- 
mon measure.  The  diagonal  and  side  of  a square  arc  incommen- 
surable. being  to  each  other  as  «y  2 to  1 ; and  consequently 
w hat  ver  number  of  parts  the  side  of  the  square  may  be  divided 
into,  the  hypotbcnusc  w ill  not  be  made  up  of  any  exact  number 
of  such  parts. 

In  COM  WEN  suit  ABLE  Numbers,  or  Numbers  Prime  to  each  other. 
are  those  which  have  no  integral  common  measure  greater 
than  unity. 

If  numbers  he  incommensurable  with  each  other,  they  arc 
incommensurable  also  in  power,  that  is,  no  powers  of  such 
numbers  can  be  incommensurable  with  each  other. 

INCOMPLETE,  in  Botany,  a term  used  to  denote  the  six- 
teenth class  of  the  Linnzran  “ mclhodus  calyciua,”  consisting  of 
plants  whose  flowers  want  cither  the  calyx  or  petals. 

INCOMPOSITE  Numbers,  the  same  as  Pkimf.  Numbers. 

INCORPORATION,  Potter  of.  To  the  erection  of  any  cor- 
poration tho  king’s  consent  is  necessary,  either  implieilh  or 
expressly  given.  The  methods  by  which  the  king’s  consent 


is  expressly  given  to  the  formation  of  a body  politic,  arc  either 
by  ml  of  p;u  (lament  or  charter. 

INCREMENT,  in  the  doctrine  of  Increments,  or  Finite  Dif- 
ferences, is  the  finite  increase  of  a variable  quantity.  Dr.  Brooke 
Taylor,  to  whom  we  are  indebted  for  this  theory,  denoted  his 
increments  by  a dot  under  the  variable  quantity  : thus  tho  incre- 
ment of  x was  denoted  by  x;  Emmrrson  also  employ  s the  same 
notation ; others  have  used  a small  accent,  as  x",  or  thus  x. 
— Mr.  Nicole  denotes  the  increment  of  x,  or  any  variable,' 
by  n;  hut  Euler,  who  seems  to  have  given  a permanent  form 
to  this  branch  uf  analysis,  employs  the  character  Ax;  ihus  the 
inr.emcnt  of  x ax,  increment  of  y zz  a y.  See. 

INCUBUS,  Nightmare,  a disease  consisting  in  on  oppres- 
sion of  the  breast  so  very  violent,  that  the  patient  cannot  speak 
or  even  breathe.  The  word  is  derived  from  the  Latin  tncvlwrr. 
to  “ He  down”  ou  nny  thing  and  press  it.  The  Greeks  call  it 
ifaaXtK,  i/.  tf.  saltator,  " lea  per,”  or  one  that  ruslictlt  nn  a per- 
son. In  this  disease  the  senses  are  not  quite  lost,  hut  drowned 
and  astonished,  as  is  the  understanding  and  imagination,  so 
that  ihc  patient  seems  to  think  some  huge  weight  thrown  on 
him  ready  to  strangle  him.  Children  are  very  liable  to  thi* 
distemper;  so  nre  fat  people,  and  men  uf  much  study  and 
application  of  mind — because  the  stomach,  in  all  these,  fiuds 
some  difficulty  in  digestiou. 

INCUMBENT,  a clerk  or  minister  who  is  resident  on  his 
benefice ; tic  is  called  incumbent,  because  he  does,  or  at  least 
ought  to,  bend  his  whole  study  to  discharge  the  cure  of  his 
church. 

INCURVATION  of  the  Rays  of  Light,  their  bending  out 
of  the  rectilinear  or  straight  course,  occasioned  by  refraction. 

INDEFINITE,  that  which  is  without  any  assigned  limits; 
thus  we  say  an  indefinite  line,  meaning  a line  of  any  length. 
Some  authors  use  the  word  indefinite  nearly  in  the  same  sense 
as  we  commonly  attach  to  the  term  infinite.  According  to 
these,  an  indefinite  line  is  that  which  is  w itbout  termination ; 
the  former,  however,  is  the  sense  in  which  it  is  commonly  em- 
ployed by  modern  mathematicians. 

Indefinite,  in  Grammar,  is  understood  of  nouns,  pronouns, 
verbs,  participles,  articles.  See.  which  arc  left  in  an  uncertain 
indeterminate  sense. 

INDELIBLE,  something  that  cannot  be  cancelled  or  effaced, 
as  indelible  ink.  See  Ink. 

INDEMNITY,  in  Law,  the  saving  harmless  ; or  a writing  to 
secure  one  from  all  damago  and  danger  that  may  ensue  from 
any  act. 

INDENTED,  in  Ilcraldry,  is  when  the  outline  of  an  ordinary 
is  notched  like  the  teeth  of  a saw. 

INDENTURE,  in  Law,  a writing  which  comprises  some 
contract  between  two  at  least ; being  indented  at  top,  answer- 
able  to  another  part  which  has  the  same  contents.  Deed. 

INDEPENDENTS,  or  Cqngreg  ationalssts,  a sect  of  pro- 
testant  DUsenters,  so  called  from  their  founder,  maintaining 
that  all  Christian  congregations  arc  so  many  independent  reli- 
gious societies,  having  a right  to  be  governed  by  their  own 
law  s,  without  being  subject  to  any  farther  or  foreign  jurisdic- 
tion. 

INDETERMINATE,  is  nearly  the  same  as  Indefinite,  the 
former  being  applied  to  numbers,  as  the  latter  is  to  geometrical 
lines,  surfaces,  Stc.  with  this  difference,  however,  that  the  word 
indeterminate  commonly  implies  that  number  or  quantity  whose 
value  cannot  he  assigned  ; and  the  former,  Ihnt  which  may  be  of 
any  magnitude. 

INDETCRMINATC.  A ruth)  tit.  is  a very  interesting  branch  of 
algebra,  in  which  there  are  always  given  a greater  number  of  un- 
known quantities  than  there  arc  independent  equations,  by  whieh 
means  the  number  of  solutions  is  indefinite,  though  it  commonly 
happens  that  certain  restrictions  arc  introduced,  such  as  re- 
uniting integral  or  rational  numbers,  which  frequently  limit 
the  number  of  solutions,  and  even  in  some  eases  render  the 
problem  impossible. 

INDETERMINATE  Problem,  in  Algebra,  is  that  which 
admits  of  many  different  solutions  and  answers,  called  also  an 
unlimited  problem. 

IN  DEa,  in  Arithmetic  and  Algebra,  is  the  same  as  exponent. 

Index  of  a Znjnrn'Mni.callcd  otherwise  the  Characteristic,  is 
the  integral  part  which  precedes  the  logartihm,  and  is  always 
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one  less  than  the  number  of  integral  figures  in  the  given  nnm-  I 
bcr.  Or  otherwise,  the  index  is  always  equal  to  the  number  of 
places  that  the  unit's  place  of  the  proposed  number  is  from  the  | 
first  effective  figure,  and  is  accounted  positive  when  the  fust 
figure  is  to  the  left  of  the  unit's  place,  aud  negative  when  it  is 
to  the  right. 

Index  of  b Globe,  is  a small  hand  fitted  to  the  extremity  of 
the  north  pole,  which  turning  round  with  it  points  out  the  time 
upon  the  hour  eirclc. 

INDIA  Ruitrs.  St*  Caoutchouc. 

INDICATIVE,  in  Grammar,  the  first  mood,  or  manner,  of 
conjugating  a verb,  by  which  we  simply  affirm,  deny,  or  ask 
something. 

INDICTION,  or  Roman  Indiction,  (from  indico . to  pro- 
claim.) in  Chronology,  is  a term  used  for  a sort  of  cpocha 
amongst  the  ancient  Homans;  the  origin  or  commencement  of 
which  is  not  distinctly  know  n.  The  Roman  indicliuit  consists  of 
a cycle  of  fifteen  years,  and  when  expired  begins  anew,  aud  goes 
on  again  in  the  same  order  without  any  dependence  on  the 
motions  of  the  heavenly  bodies.  The  popes  since  the  time  of 
Charlemagne  have  dated  their  acts  by  the  year  of  indie  lion, 
which  was  fixed  on  the  first  of  January,  A.  D.  313.  At  the  time 
of  their  reformation  of  the  calendar,  the  year  1582  was  reckon- 
ed the  10th  year  of  the  indiction.  Now  this  dale  when  divided 
by  15  leaves  a remainder  7,  that  is,  3 less  than  the  indiction,  and 
the  sRtnc  must  necessarily  be  the  case  in  all  subsequent  dates  ; 
therefore  to  find  the  indiction  for  any  tear,  divide  the  date  by 
15,  and  add  3 to  the  remainder,  which  will  be  the  iodic  lion  ; 

, 182G 

thus  iu  the  present  year  1820,  we  have  — jr-  =:  '121,  and  re- 
mainder 14  ; consequently  14  + 3 = 17,  the  indiction. 

INDICTMENT,  is  a written  accusation  of  one  or  more  per- 
sons. of  a crime  or  misdemeanor,  preferred  to,  and  presented 
on  oath  by,  a grand  jury.  An  indictment  may  be  found  on  the 
oath  of  one  witness,  unless  it  be  for  high  treason,  which  re- 
quires two  witnesses,  and  unless  in  any  instance  it  is  otherwise 
specially  directed  by  acts  of  parliament.  The  sheriff  of  every 
county  returns  to  every  session  of  the  peace,  and  every  com- 
mission of  oyer  and  terminer,  and  of  general  gaol  delivery, 
twenty-four  good  and  lawful  men  of  the  county,  some  out  of 
every  hundred,  to  inquire,  present,  and  do  all  those  things, 
which  on  the  part  of  the  king  shall  be  commanded  therein. 
As  many  as  appear  are  sworn  of  the  grand  jury,  to  the  amount 
of  twelve  at  the  least,  and  not  more  than  twenty- three.  Being 
previously  instructed  in  the  articles  of  their  inquiry,  by  a 
charge  from  the  judge,  they  receive  indictments  preferred  to 
them  in  the  name  of  the  king,  but  at  the  suit  of  any  private 
prosecutor;  and  they  only  hear  evidence  on  behalf  of  the  pro- 
secution. They  may  not  find  part  of  an  indictment  true  and 
part  false,  but  must  either  find  a true  bill  or  an  ignoramus  for 
the  whole.  All  capital  crimes  whatsoever,  and  all  kinds  of 
inferior  crimes  which  are  of  a public  nature,  may  be  indicted, 
but  no  injuries  of  a private  nature,  unless  they  in  some  degree 
concern  the  king.  And  generally,  where  a statute  prohibits  a 
matter  of  publio  grievance,  or  commands  a matter  of  public 
convenience,  every  disobedience  to  it  is  punishable,  not  only  at 
the  suit  of  the  party  grieved,  but  also  by  indictment.  Yet  if 
the  party  offending  have  been  fined  in  any  action  brought  by 
the  party,  such  fine  is  a good  bar  loathe  indictment.  Several 
offenders  committing  the  same  offence  may  be  joined  in  one 
indictment.  No  indictment  for  high  treason,  or  misprision 
thereof,  (except  indictments  for  counterfeiting  the  king^i  coin, 
seal,  sign,  or  signet,)  shall  be  quashed  for  mis-reciting,  mis- 
spelling. Ac.  unless  exception  concerning  the  same  be  taken 
before  any  evidence  given  in  open  court,  on  such  indictment. 
An  indictment  accusing  a man  in  general  terms,  without  ascer- 
taining the  particular  fact  laid  to  his  charge,  is  insufficient ; 
nor  can  it  be  good,  without  expressly  shewing  sumo  place 
where  the  offence  was  committed. 

There  are  several  words  of  art,  which  the  law  has  appro- 
priated for  the  description  of  an  offence,  which  no  circumlocu- 
tion will  supply ; as  feloniously,  in  the  indictment  of  any 
felony ; burglariously,  in  an  indictment  of  burglary.  And  an 
indictment  on  the  black  act  for  shooting  at  any  person,  must 
charge  that  the  offence  was  done  wilfully  and  maliciously. 
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No  clerk  of  assise,  clerk  of  the  peace,  oi  other  person,  is 
allowed  to  lake  any  moucy  of  any  person  bound  over  to  give 
evidence  against  a traitor  or  felon,  for  the  dischaigc  of  his 
recognisance,  nor  more  than  two  shillings  for  drawing  any  hill 
of  indictment  against  any  such  felon,  on  pain  of  five  pounds  to 
the  party  grieved,  with  full  cost*.  Every  person  charged  with 
felony  or  other  crime,  who  on  his  trial  is  acquitted,  or  against 
whom  no  iudictmi  nt  is  found  by  the  grand  jury,  or  who  is  dis- 
charged by  proclamation  for  want  of  prosecution,  should  he 
immediately  set  at  large  in  open  court,  without  payment  of  any 
fee  to  the  sheriff  or  gaoler.  This  however  is  usually  deferred 
till  after  the  assises  or  sessions  are  over,  when  the  judge  or 
justices  proceed  to  the  gaol  delivery. 

Upon  a certificate  of  an  indictment  being  found,  for  nn 
assault  or  other  misdemeanor,  and  much  more  for  a felony,  a 
warrant  is  issued,  on  the  application  of  the  prosecutor,  to  take 
the  party  into  custody,  and  he  may  be  held  to  hail  hy  a justice 
of  the  peace,  or  a judge.  This  was  not  formerly  the  practice 
upon  iudictmcnts,  but  an  action  cannot  be  brought  by  the  per- 
son acquitted,  against  the  prosecutor  of  the  indictment,  with- 
out obtaining  a copy  of  the  record  of  his  indictment  and 
acquittal ; which,  in  prosecutions  for  felony,  it  is  not  usual  to 
grant,  if  there  be  the  least  probable  cause  to  found  such  prose- 
cution upon.  But  an  action  on  the  case,  for  n malicious  pro- 
secution, may  he  founded  on  such  an  indictment  w hereon  no 
acquittal  can  be,  as,  if  it  be  rejected  hy  the  grand  jury,  or  be 
coram  non  indict,  or  be  insufficiently  drawn;  fur  it  is  not  the 
danger  of  the  plaintiff,  but  the  scandal,  vexation,  and  expense, 
upou  which  this  action  is  founded.  However,  any  probable 
causo  for  preferring  it  is  sufficient  to  justify  the  defendant; 
provided  it  do  not  appear  that  the  prosecution  was  malicious. 

INDIGO,  a dye  prepared  from  the  leaves  and  small  branches 
of  the  Indiyofera  lincioria.  There  are  two  kinds,  the  true  and 
the  bastard.  The  produce  of  the  first  is  sold  nt  a higher  price, 
on  accouut  of  its  superiority,  but  that  of  the  other  is  heavier. 
The  first  will  grow  in  many  soils  ; the  second  succeeds  best  iu 
those  most  exposed  to  rain;  both  arc  linble  to  great  accidents. 
Sometimes  tbe  plant  becomes  dry,  and  is  destroyed  hy  nn 
insect  frequently  found  on  it;  at  other  times  the  leaves  are 
devoured  in  the  space  of  twenty -four  hours  by  caterpillars.  It 
ought  to  be  gathered  in  w ith  great  precaution,  for  fear  of  shak- 
ing off  the  farina  that  lies  on  the  leaves,  and  is  very  valuable. 
When  gathered,  it  is  thrown  into  the  steeping- vat,  which  is  a 
large  tub  filled  with  water.  Here  it  undergoes  a fermentation, 
which  in  twenty-four  hours,  at  farthest,  is  completed.  A cock 
is  then  turned  to  let  the  water  (which  is  impregnated  with  a 
very  subtile  earth,  constituting  the  blue  substance)  run  into  the 
second  tub,  called  the  mortar  or  pounding  tub,  where  it  is 
forcibly  agitated  with  wooden  buckets,  full  of  holes,  and  fixed 
to  a long  handle.  When  tho  workmen  perceive  that  the 
coloured  particles  collect  by  separating  from  the  rest  of  tho 
liquor,  they  leave  off  shaking  the  buckets,  in  order  to  a!U,w 
time  to  the  blue  dregs  to  precipitate  to  the  bottom,  where  they 
are  left  to  settle  till  the  water  is  quite  clear.  Holes  made  in 
the  tub  at  different  heights  are  then  opened  one  after  another, 
aud  this  useless  water  is  let  out.  The  blue  dregs  remaining  at 
the  bottom  having  acquired  tho  consistence  of  a thick  muddy 
liquid,  cocks  are  opened,  which  draw  it  off  into  the  settler.  It 
is  thence  poured  into  linen  hags,  and  when  the  water  has 
sufficiently  drained  from  il,  it  is  formed  into  small  lumps  aud 
dried  in  the  shade.  Indigo  is  used  in  washing,  lo  give  a bluish 
colour  to  linen : painters  also  employ  it  in  their  water  colours  ; 
and  dyers  cannot  make  fine  blue  without  it. 

Indigo  may  be  obtained  from  tho  mcrium  tinotorium,  and  the 
isatis  tinctoria,  or  wnad;  a plant  cultivated  and  even  found 
wild  in  England.  When  arrived  at  maturity  this  plant  is  cut 
down,  washed,  dried  hastily  in  the  sun,  ground  in  a mill, 
placed  in  heaps,  and  allowed  to  ferment  for  a fortnight.  It  is 
then  well  mixed,  and  made  up  into  halls,  which  are  piled  upon 
each  other,  and  exposed  to  the  wind  and  sun.  In  this  stato 
they  become  hot,  and  exhale  a putrid  ammooiacal  smell.  When 
the  fermentation  has  continued  for  a sufficient  time,  the  woad  is 
allowed  to  fall  to  a coarse  powder. 

Tbe  solution  of  indigo  Is  well  known  in  this  country  by  Ihe 
name  of  liquid  blue,  or  sulphato  of  indigo.  While  concen- 
trated, it  b opaque  and  black ; but  when  diluted,  it  assumes  n 
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floe  deep  colour ; and  its  intensity  is  such,  that  a single  drop  of  It  is  done  by  giving  the  clerk  corporal  possession  of  the  church, 
the  concentrated  sulphate  is  sufficient  to  give  a blue  colour  to  as  by  holding  the  ring  of  the  door,  tolling  a bell,  or  the  like; 
many  pounds  of  water.  Bergman  ascertained  the  elfrct  of  and  Is  a form  required  by  law,  with  intent  to  give  all  the 
different  re-agents  on  this  solution.  Drop!  into  sulphurous  parishioners  due  notice  and  sufficient  certainty  of  their  new 
acid,  the  colour  was  at  first  blue,  then  green,  and  very  speedily  minister,  to  whom  their  tithes  are  to  be  paid.  This,  therefore, 
destroyed.  In  vinegar  it  becomes  green,  and  in  a few  weeks  is  the  iovestnre  of  the  temporal  pait  of  the  benefice,  as  instito- 
the  colour  disappears.  In  weak  potash  it  becomes  green,  and  tion  is  of  the  spiritual.  And  when  a clerk  is  thus  presented, 
then  colourless.  In  weak  carbonate  of  potash  there  are  the  Instituted,  and  inducted  into  a rectory,  he  is  then,  and  not 
same  changes,  but  more  slowly.  In  ammonia  and  its  carbonate  before,  in  full  and  complete  possession;  and  is  called  in  law 
the  colour  becomes  green,  and  then  disappears.  In  a solution  persona  impersonate,  or  parson  impersonner. 
of  sugar  it  became  green,  and  at  last  yellowish.  In  sulphate  INDUCTION,  is  a term  used  by  mathematicians  to  denote 
of  iron  the  colour  became  green,  and  in  throe  weeks  cli s-  those  cases  in  which  the  generality  of  any  law,  or  form,  is  infer- 
appeared.  In  the  sulphurcts  the  colour  was  destroyed  in  a red,  from  observing  it  to  have  obtained  in  several  cases.  Such 
few  hours.  Realgar,  white  oxide  of  arsenic,  and  orpiment,  inductions,  however,  are  very  deceptive,  and  ought  to  be  ad- 
produced  no  change.  Black  oxide  of  manganeje  destroyed  mitted  with  the  greatest  caution,  as  there  are  numerous  esses 
the  colour  completely.  in  wbieb  a law  may  obtain  fora  considerable  wa>,  and  uiti- 

IN  DIVIDUAL,  in  Logic,  a particular  being  of  any  species,  mately  fail  when  its  uniformity  is  supposed  certain.  A remark - 
or  that  which  caonot  be  divided  into  two  or  more  beings  equal  able  instance  of  the  failure  of  induction  appears  in  many  of 
or  alike.  those  formal*  which  have  been  given  for  prime  numbers. 

INDIVISIBLE,  among  metaphysicians,  a thing  is  said  to  be  Thus  the  formula}  i'  + i + 41,  by  making  successively  x 
indivisibly  absolute,  absolutely  indivisible,  that  is,  a simple  1,2, 3,  4,  fitc.  will  give  a series,  the  first  forty  terms  of  which 
being,  and  consists  of  no  parts  into  which  it  may  be  divided.  are  prime  numbers,  whence  one  might  be  induced  to  conclude 
INDIVISIBLES,  in  Geometry,  are  those  small  elements  or  the  law  to  be  universal ; it  foils  however  in  the  very  next  case, 

principles  into  which  any  body  or  figure  may  be  resolved.  the  forty- first  term  being  a composite  number. 

According  to  the  principles  of  this  method,  a line  is  said  to  INDULGENCES,  in  tbe  Romish  church,  are  a remission 
consist  of  a number  of  contiguous  points,  or  surface  of  lines,  of  the  punishment  due  to  sins,  granted  by  tbe  church,  and  sup- 
und  a solid  of  surfaces  ; and  because  each  of  these  elements  posed  to  save  the  sinner  from  purgatory, 

is  supposed  indivisible,  if  in  any  figure  a line  be  drawn  through  According  to  the  doctrine  of  tbe  Romish  church,  atl  the  good 

the  elements  perpendicularly,  the  number  of  points  in  that  line  works  of  the  saints,  over  and  above  those  which  were  neces- 
will  be  tbe  same  as  the  number  of  elements.  sary  towards  their  own  justification,  are  deposited,  togethei  with 

Hcuce  it  follows  that  a parallelogram,  prism,  or  cylinder,  is  the  infinite  merits  of  Jesus  Christ,  in  one  inexhaustible  trea- 
resolvablc  into  elemeuts,  or  indivisibles,  all  equal  to  each  other,  sury.  Tbe  keys  of  this  were  committed  to  St.  Peter,  and  to 
parallel  and  like  to  the  base ; and  a triangle,  into  lines  parallel  his  successors  tbe  popes,  who  may  open  it  at  pleasure,  and  by 
to  the  base,  but  decreasing  from  the  base  upwards  in  an  arith-  transferring  a portion  of  this  superabundant  merit  to  any  pnr- 
metiea!  progression;  so  also  the  circles  which  constitute  the  ticular  person,  fora  sum  of  money,  may  convey  to  him  cither 
parabolic  conoid,  and  the  several  cocentric  circumferences  the  pardon  of  his  own  sins,  or  release  for  any  one  in  whom  he 
which  constitute  a circle,  and  tbe  successive  circumferences  is  interested,  from  tbe  pains  of  purgatory.  Such  indulgences 
which  make  up  the  surface  of  a right  cone,  all  decrease  accord-  were  first  invented  in  (he  llth  century,  by  Urban  II.  as  a 
ing  to  the  saute  law.  recompense  for  those  who  went  in  person  upon  the  glorious 

Tbe  great  facility  attending  the  method  of  indivisibles  is  enterprise  of  conquering  the  Holy  Land.  They  were  afterwards 
very  obvious  in  the  demonstration  of  the  celebrated  theorem  of  granted  to  those  who  hired  a soldier  for  that  purpose  ; and  in 
Archimedes,  viz.  “ Every  sphere  is  two-thirds  of  its  ciroum-  process  of  time  were  bestowed  on  such  as  gave  money  for 
scribing  cylinder,”  the  principles  of  which  are  as  follows.  accomplishing  any  pious  work  enjoined  by  the  pope.  * Tho 

Let  A C B,  terms  in  which  the  retailers  of  indulgences  described  their 

P E F.  and  G H r C IV*  sE  (1  ; benefits,  and  the  necessity  of  purchasing  them,  are  so  extrava- 

I K.  represent  a • -ZSV  / "2?-.  J 1 ffant*  t*IBt  appear  almost  incredible.  If  any  man  (said 

hemisphere,  in-  / - ^ # ---  F they)  purchases  letters  of  indulgence,  his  soul  may  rest  secure 

verted  cone,  and  with  respect  to  It*  salvation.  The  souls  confined  in  purgatory, 

cylinder,  having  ^ ^ for  whose  redemption  indulgences  arc  purchased,  a v soon  as 

equal  bases  and  the  money  tinkles  in  tho  chest,  instaotly  escape  from  that  place 

altitudes,  and  all  standing  on  the  common  base  line  APR.  of  torment,  and  ascend  into  heaven.  That  the  efficacy  of 
Then  it  is  easily  demonstrated,  that  if  any  sections  he  made  in  indulgences  was  so  great,  that  the  most  heinous  sius,  even  if 
these  solids,  by  a plane  passing  parallel  to  the  common  base,  one  should  violate  (w  hich  was  impossible)  the  mother  of  God, 
that  the  section  tf  of  the  cy  linder  is  equal  to  the  two  sections  would  bo  remitted  and  expiated  by  them,  and  the  person  be 
a b.  c (f,  of  the  hemisphere  and  cone  ; and  as  this  is  the  case  in  freed  both  from  punishment  and  guilt.  That  this  was  the 
every  parallel  position  of  the  cutting  plane,  it  follows  that  unspeakable  gift  of  God,  in  order  to  reconcile  man  to  himself, 
the  sum  of  all  the  sections  of  the  cylinder,  is  equal  to  the  sum  That  the  cross  erected  by  the  preachers  of  indulgences  was 
of  all  the  sections  of  the  hemisphere  and  cone ; and  hence  it  is  equally  efficacious  with  the  cross  of  Christ  itself.  **  Lo ! tbe 
inferred,  that  the  solidity  of  the  cylinder  is  equal  to  the  soli-  heavens  are  open  ; if  you  enter  not  now,  wheu  w ill  you  enter  ! 
dity  of  the  hemisphere  and  cone.  But  the  cone  is  a third  part  For  twelve  pence  you  may  redeem  the  soul  of  your  father 
of  the  cylinder,  having  the  same  base  and  altitude,  hence  the  out  of  purgatory  ; and  are  you  so  ungrateful,  that  you  will  not 
hemisphere  is  equal  to  the  remaining  two-thirds.  rescue  your  parent  from  torment  ? If  yon  had  but  one  coat, 

INDORSEMENT,  in  Law,  signifies  any  thing  written  upon  you  ought  to  strip  yourself  instantly,  and  sell  it,  in  order  to  pur- 
the  back  of  a deed  or  other  instrument.  On  sealing  of  a bond,  * 1 

the  condition  of  the  bond  may  be  indorsed.  In  order  to  the 
executing  a justice  of  the  peace's  warrant  in  another  county,  it 
most  l>e  indorsed  by  some  justice  in  such  other  county.  It  is 
customary  also  to  indorse  tbe  receipt  of  the  consideration- 
money  upon  a deed.  Bll.LS  of  Exchange  are  indorsed,  and 
every  indorser  is  liable  to  the  full  amount  of  the  bill  he  puts 
his  name  on. 

INDUCTION,  in  Law,  is  putting  a clerk  or  clergyman  in 
possession  of  a benefice  or  living  to  which  he  is  collated  or 
presented.  Nee  the  article  Parson.  Induction  is  performed  by 
a mandate  from  tho  bishop  to  the  archdeacon,  who  usually 
Issues  out  a precept  to  other  clergymen  to  perform  it  for  him. 
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cnasc  suen  ucnruu,  etc. 

In  the  last  year,  (1826)  the  Pope,  Leo  XII.  issued  a Bull 
of  Indication,  appointing  a jubilee  for  (he  whole  of  the  Catholic 
church,  and  to  continue  through  the  whole  of  the  year,  during 
which  period  his  holiness  mercifully  granted  and  imparted  the 
most  plenary  and  complete  indulgence,  remission,  and  pardon 
of  all  their  sms,  to  alt  the  faithful  of  Christ  of  both  sexes. 

INDURATED  Mi/D.  Tho  American  volcanoes  discharge 
torrents  of  mud,  which  seeoi  to  be  strongly  impregnated  with 
iron.  It  has  been  said  that  similar  torrents  have  issued  from 
Etna  and  Vesuvius,  but  it  Is  supposed  that  the  appearances 
have  arisen  from  melted  snow.  The  grand  volcanoes  of  Coto- 
paxi, Tungarunga,  and  Sangay,  in  South  America,  eject  pro- 
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dlfiouB  quantities  of  mud,  and  wbat  is  more  remarkable,  pro- 
digious quantities  of  fish,  so  as  to  infect  the  air  with  putrefac- 
tion. These  fi*h  appear  to  be  little  injured,  and  are  the  same 
with  those  found  in  the  rivulets  at  the  bottom  of  the  volcanoes, 
being  a pimelodas  silurus  from  two  to  foor  inches  in  length. 
These  muddy  eruptions  become  fertile  clay,  and  are  very  pro- 
ductive. Ferrara  gives  an  interesting  aocount  of  a muddy 
eruption  at  Maculaba  in  Sicily.  Sometimes  this  phenomenon 
appears  with  immense  foree.  The  inhabitants  of  the  neigh- 
bourhood still  (1 826)  remember  with  terror  the  eruption  of  1777, 
one  of  the  roost  violent  yet  known. 

INEBRIANTS,  are  defined  to  be  such  things  as  affect  the 
nerves  in  a particular  and  agreeable  manner,  and  through  them 
alter  and  disturb  the  functions  of  the  mind.  They  are  properly 
divided  ioto  native  and  artificial ; the  former  chiefly  in  use 
among  the  oriental  and  other  nations,  the  latter  principally 
throughout  Europe. 

Maimral  Inebriants,  are,  1.  Opium,  in  nse  all  over  the 
cast,  and  of  which  the  Turks,  throogh  custom,  swallow  a 
drachm.  2.  Perganum  harmala,  Syrian  rue.  The  seeds  are 
sold  in  Turkey  for  this  purpose  ; and  with  these,  as  Bellonius 
relates,  the  Turkish  emperor  Sol v man  kept  himself  intoxicated. 
3.  Maniac  of  the  Turks, or  bangue  of  the  Persians,  prepared  from 
the  dust  of  the  male-flower  of  hemp,  or  from  the  leaves.  4. 
Bangue  of  the  Indians,  from  the  leaves  of  the  hibiscus  aahda- 
rifla.  6.  Seeds  of  various  species  of  the  datura,  or  thorn 
apple.  6.  Tiuang.  or  betel  of  the  Indians.  7.  Roots  of  the 
black,  henbane.  8.  The  byoscysmus  physaloide*.  0.  Berries  of 
the  dcadlj  uightshadc.  10.  Leaves  of  milfoil  arc  used  by  the 
Daltkarlians  to  render  their  l>eer  intoxicating.  11.  Tobacco, 
and  several  others  less  material  are  mentioned  ; such  as  clay, 
saffron,  and  darnel. 

Artificial  Inkbrums.  are  fermented  liquors  from  farina- 
ceous seeds;  wines  and  spirits  drawn  by  distillation.  With 
these  is  ranked  the  nectar  of  the  gods,  and  the  anodyne  medi- 
cine of  Ilumer.  commonly  called  nepenthes ; and  the  spells  by 
which  Medea  and  Circe  produced  their  enchantments. 

INERTIA  or  Matter,  in  Philosophy,  a passive  principle, 
by  which  bodies  persist  in  a state  of  motion  or  rest,  receive 
Biolion  in  proportion  to  the  force  impressing  them,  and  resist 
os  much  as  they  are  resisted.  See  Mechanics. 

INFALLIBLE,  something  that  cannot  err,  or  be  deceived. 
One  of  the  great  controversies  between  the  Protestants  and 
Papists,  is  the  infallibility  which  the  tatter  attribute  to  the 
pope;  though  in  fact,  they  themselves  are  not  agreed  on  that 
head,  some  placing  this  pretended  infallibility  in  the  pope  and 
a general  council. 

INFAMY,  in  Law,  it  a term  which  extends  to  perjary,  gross 
cheats,  Ike.  by  wrhich  a person  is  rendered  incapable  of  being  a 
witness  or  juror,  even  though  he  in  pardoned  for  his  crimes. 

INFANCY,  the  first  stage  of  life;  in  a medical  and  political 
view,  extending  from  birth  to  about  the  seveoth  year. 

Treatment  of  Infante  in  Health. — The  two  primary  objects  of 
attention  on  the  birth  of  an  infant  arc  warmth  and  cleanliness. 
There  is  generally  too  much  eagerness  in  putting  the  child  to 
the  breast;  who  is  often  worried  to  suck  before  he  becomes 
actuated  by  the  instinctive  principle  of  nature,  or  before  the 
mother  finds  her  breasts  sufficiently  filled  with  milk  to  satisfy 
bis  dc>irc.  It  is  generally  about  the  third  day  after  child-bed, 
that  both  are  fully  prepared.  It  is  the  duty  of  every  mother  to 
suckle  her  child.  When  in  consequence  of  suppression  of  milk, 
and  extreme  delicacy,  or  disease  of  constitution,  hired  nurses 
most  be  reported  to,  the  young  and  the  heelthy  should  be 
selectod,  with  a full  breast  of  milk,  and  that  milk  as  nearly  as 
may  be  the  age  of  the  foster-child.  If  a proper  nurse  cannot 
lie  procured,  diluted  cow’s  milk,  intermixed  with  a small  quan- 
tity of  farinaceous  food,  will  generally  prove  the  most  con- 
venient nutriment.  Cow’s  milk,  however,  is  far  less  sweet 
than  human,  and  hence  the  mixture  now  recommended  should 
be  enriched  with  some  addition  of  sugar.  The  chief  point  of 
attention  is,  that  the  farinaceous  matter,  whether  in  the  form  of 
pap  or  gruel,  be  sufficiently  dilute,  and  pressed  throogh  a fine 
strainer,  to  free  it  from  lumps.  Cordials,  aperients,  and  opi- 
ates, should  be  avoided  in  a state  of  health. 

The  great  and  natural  use  of  clothes  is  for  the  purpose  of 
warmth,  and  the  looser  and  softer  tbo  substance  is  by  which 


this  warmth  is  communicated,  the  better.  Most  of  the  defor- 
mities of  children  are  oceasioned  by  improprieties  in  their 
dress.  An  attempt  to  give  neatness  to  the  form  renders  pres- 
sure necessary ; and  where  a part  is  weak,  and  the  pressure 
greater  than  on  the  neighbouring  parts,  such  part  will  naturally 
yield  to  the  impulse,  and  deformity  will  ensue. 

Sleep  is  at  all  times  necessary  to  health,  in  infancy  it  is  par- 
ticularly so;  for  the  stimuli  of  air  and  light  alone  arc  sufficient 
to  exhaust  the  system  loan  hour  or  two.  Nothing,  however,  can 
he  more  pernicious  than  the  too  common  practice  of  administer- 
ing cordials,  opiates,  Btc.,  as  often  as  the  child  seems  restless. 

The  situation  of  infants  requires  at  first  air  of  a moderately 
warm  temperature ; after  which  they  may  be  gradually  inured 
to  a colder  atmosphere,  without  any  danger  to  their  health. 
Too  much  warmth,  however,  is  as  prejudicial  as  the  opposite 
extreme,  and  the  more  to  be  dreaded,  as  every  time  they  are 
brought  to  the  open  air,  they  are  exposed  to  the  danger  of 
catching  cold.  But  it  is  not  merely  a cold  air  that  is  to  he 
avoided,  it  is  the  air  that  is  confined,  and  at  the  same  time 
loaded  with  moisture.  A confined  damp  air  is  the  cause  of 
many  of  the  diseases  by  w hich  children  are  afflicted. 

The  nursery  shonld  be  the  largest  and  best  aired  room  in  the 
house.  When  children  sleep  in  a cradlo,  they  should  not  be 
wrapped  up  too  closely.  Neither  when  they  are  further  grown, 
should  more  than  one  child  sleep  in  the  same  bed.  In  short, 
the  proper  regulation  is  to  keep  the  child  as  much  as  possible 
in  one  pure  equal  temperature,  avoiding  every  thing  that  is 
damp  or  unwholesome. 

The  first  exercise  that  children  usually  receive,  is  that  of 
being  dandled  in  the  arm,  or  moved  gently  up  and  down,  which 
tends  much  to  assist  digestion.  Rubbing  them  with  the  lisnd 
is  also  highly  useful. 

As  children  increase  in  growth,  (heir  exercise  should  be  pro- 
portionably  augmented,  and  the  nurse  should  endeavour  to 
give  them  as  much  motion  with  her  arm  as  possible. 

As  soon  as  a child  is  able  to  be  put  on  its  feet,  H should  be 
allowed  to  make  use  of  them.  Every  member  acquires  strength 
la  proportion  as  it  is  exercised  ; sod  children,  by  being  accus- 
tomed to  support  themselves,  will  soon  acquire  strength  for  the 
purpose.  Children  also  begin  to  use  their  feet  by  degrees; 
and  by  this  gradual  attempt,  all  danger  of  their  legs  becoming 
crooked,  or  unable  to  support  the  body,  is  avoided. 

Among  the  poorer  classes,  it  is  very  common  to  allow  chil- 
dren to  sit  or  lie  in  one  posture  for  a length  of  time  : this  is  a 

racticc  much  to  be  condemned.  By  the  want  of  exercise,  the 

eslth  of  children  suffers;  a relaxation  of  the  system  ensues, 
and  rickets  and  other  diseases  are  induced. 

The  early  and  rigorous  confinement  of  children  at  day  schools, 
merits  to  bo  particularly  reprobated.  If  sent  early  to  school, 
the  time  of  learning  should  never  be  long,  and  should  he  alter- 
nated with  proper  diversions  and  exercises  suited  to  their 
period  of  life. 

Exercise  within  doors  is  not  sufficient  to  effect  the  good  pur- 
poses derived  from  it  in  the  open  air.  Children,  instead  of 
being  checked  in  regard  of  wholesome  play,  should  be  at  all 
times  encouraged  in  it. 

To  uniform  exercise,  add  the  use  of  the  cold  bath.  By 
general  immersion,  the  body  is  braced  and  strengthened,  the 
general  circulation  increased,  and  all  stagnation  in  the  smaller 
vessels  prevented.  The  commencement  of  this  practice  early 
will  be  the  means  of  preventing  the  appearance  of  many  con- 
stitutional diseases.  And  even  where  it  cannot  be  employed 
to  its  full  extent,  still  the  extremities  should  be  every  day 
bathed  in  cold  water,  and  afterwards  well  dried,  and  the  skin 
well  rubbed.  In  this  view,  boys  should  bo  encouraged  to  learn 
and  practise  the  salubrious  and  useful  exercise  of  swimming. 

INFANT,  in  Law,  is  a person  onder  21  years  of  age,  whose 
capacities,  incapacities,  and  privileges  are  various.  1.  In 
criminal  matters,  the  law  of  England  does.  In  some  cases,  pri- 
vilege an  infant  under  the  age  of  21,  as  to  common  misdemea- 
nors, so  as  to  escape  fine,  imprisonment,  and  the  like ; and 
particularly  in  the  cases  of  omission,  as  not  repairing  a bridge, 
or  a highway,  and  other  similar  offences;  for,  not  having  llic 
command  of  his  fortune  till  the  age  of  21,  he  wants  the  capacity 
to  do  those  things  which  the  law  requires.  But  where  there  is 
J any  notorious  breach  of  the  peace,  a riot,  battery,  or  the  like. 
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(which  infants,  when  full  frown,  are  al  least  as  liable  as  others 
to  commit,)  for  these,  an  infant  above  the  age  of  14  is  equally 
liable  to  suffer  as  a person  of  the  full  age  of  21.  With  regard 
to  capital  crimes,  the  law  is  still  more  minute  and  circum- 
spect, distinguishing  with  greater  nicety  the  several  degrees  of 
age  and  divcrelion.  2.  Tn  civil  matters,  the  ages  of  male  and 
female  are  different  for  different  purposes.  A male  at  12  years 
old  may  take  the  oath  of  allegiance ; at  14,  is  at  tho  years  of 
discretion,  and  therefore  may  consent  or  disagree  tu  marriage, 
may  choose  his  guardian,  and  if  bis  discretion  be  actually 
proved,  may  make  his  testament  of  bis  personal  estate ; at  17 
may  be  an  executor;  and  at  21  is  at  his  own  disposal,  and 
may  alien  his  land,  goods,  and  chattels.  A female  also,  at  7 
years  of  age,  may  lie  betrothed  or  given  in  maniage ; at  8 is 
entitled  to  dower  ; at  12  is  at  the  years  of  maturity,  and  there- 
fore may  consent  or  disagree  to  marriage,  and,  if  proved  to 
have  sufficient  discretion,  may  bequeath  her  personal  estate; 
at  14  is  at  the  years  of  legal  discretion,  and  may  choose  a 
guardian  ; at  17  aiay  be  executrix;  and  at  21  may  dispose  of 
herself  and  her  land*.  So  that  full  age,  in  male  or  female,  is 
21  years,  which  age  is  completed  on  the  day  preceding  the 
anniversary  of  a person's  birth  ; who  till  that  time  is  an  infant, 
and  so  styled  in  law.  The  very  disabilities  of  infants  arc  pri- 
vileges, in  order  to  sccuro  them  from  hurting  themselves  by 
their  own  improvident  arts.  An  infant  cannot  be  sued  but 
under  the  protection,  and  joining  the  name, of  his  guardian; 
for  he  is  to  defend  him  against  all  attacks,  as  well  by  law  as 
otherwise;  but  lie  may  sue  either  by  his  guardian,  or  prochcin 
amic,  bis  next  friend,  who  is  not  his  guardian.  This  prochein 
amie  may  be  any  person  who  will  undertake  the  infant's  cause  ; 
and  it  freqnenlly  happens,  that  an  infant,  by  his  prochein  amic, 
institutes  a sail  in  enuity  against  a fraudulent  guardian.  With 
regard  to  estates  and  civil  property,  an  infant  hath  many  pri- 
vileges. In  general,  an  infant  shall  lose  nothing  by  nonclaim, 
or  neglect  of  demanding  his  right,  nor  shall  any  other  laches  or 
negligence  be  imputed  to  an  infant,  except  in  some  very  parti- 
cular cases. 

INFANTRY,  in  Military  affairs,  the  whole  body  of  foot- 
soldiers,  whether  independent  companies  or  regiments.  The 
word  takes  its  origin  from  one  of  the  infantas  of  Spain,  who. 
finding  that  iho  army  commanded  bv  tho  king,  her  father,  had 
been  defeated  by  the  Moors,  assembled  a body  of  foot-soldiers, 
and  with  them  engaged  and  totally  routed  the  enemy.  In 
memory  of  this  event,  and  to  distinguish  the  foot-soldirrs.  who 
were  not  beforo  held  in  much  consideration,  they  received  the 
name  of  infantry. 

Heavy  armed  Infaktry,  among  the  ancients,  were  such  as 
wore  a complete  suit  of  armour,  and  engaged  with  broad 
ahields  and  long  spears.  They  were  the  Dower  and  strength 
of  the  Grecian  armies,  and  bad  the  highest  rank  of  military 
honour. 

Light  armed  Infantry,  among  the  ancients,  were  designed 
for  skirmishes,  aod  for  fighting  at  a distance.  Their  weapons 
were  arrows,  darts,  or  slings. 

Light  Infantry,  among  the  moderns,  have  only  been  in  use 
since  the  year  1S5G,  They  have  no  camp  equipage  to  carry, 
and  their  arms  and  accoutrements  are  much  lighter  than  those 
of  the  infantry.  Light  infantry  arc  the  eyes  of  a general,  and 
thr  givers  of  sleep  and  safety  to  an  army.  Wherever  there  is 
found  light  ravalry,  there  should  be  light  infantry.  They  should 
be  accustomed  to  the  pace  of  four  miles  an  hour,  as  their  usual 
marching  pace,  and  to  be  able  to  march  five  miles  an  hour  upon 
all  particular  occasions.  Moat  of  the  powers  on  the  continent 
have  light  infantry.  It  is  only  of  late  years,  that  light  infantry 
came  to  be  used  in  the  British  army ; but  now  every  regiment 
has  a company  of  light  infantry  attached  to  it,  whose  station  is 
on  the  left  of  the  regiment,  the  right  being  occupied  by  iho 
grenadiers. 

INFINITE,  is  a term  applied  to  quantities  which  are  greater 
than  any  assigned  quantities ; also  quantities  that  are  leas 
than  any  assignable  quantity,  are  said  to  be  infinitely  small. 

Infinite  also  is  sometimes,  though  improperly,  used  in  the 
same  sense  as  indefinite,  to  denote  a line  or  quantity  to  which 
no  certain  bounds  or  limits  ere  prescribed. 

Infinite  quantities  are  not  necessarily  equal,  but  may  have 
any  ratio  to  iach  other ; thus  a line  which  is  infinitely  extended 


from  a certain  point,  in  only  one  direction,  is  but  half  (hat 
which  it  infinitely  extended  from  the  same  point  in  two  direc- 
tions. In  the  same  way  we  may  conceive  a rectangular  plane 
to  be  extended  in  one,  two,  three,  or  four  different  directions  ; 
and  thus  to  form  four  different  infinite  planes,  being  to  each 
other  as  the  numbers  1,  2,  3,  and  4. 

In  the  same  way,  a solid  may  be  conceived  to  be  extended  in 
six  different  directions;  forming  infinite  solids,  which  shall  have 
to  each  other  certain  and  determinate  ratios. 

In  the  same  way  we  may  conceive  an  infinite  quantity,  which 
is  infinitely  less  than  another  infinite  quantity  ;tnus,  if  two  infi- 
nite right  lines  be  draw  n parallel  to  each  other  at  any  finite 
distance  in  a plane  infinitely  extended  in  all  directions,  the 
infinite  space  included  between  them,  will  he  infinitely  less  than 
the  infinite  plane  in  which  they  arc  drawn,  for  the  breadth  or 
distance  between  these  lines  is  infinitely  less  than  that  of  the 
infinitely  extended  plane. 

Infinite,  that  which  has  neither  beginning  nor  end;  in 
which  sense  God  alone  is  infinite.  See  Goo. 

Infinite,  or  Infinitely  Great  Line , in  Geometry,  denotes 
only  an  indefinite  or  indeterminate  line,  to  which  no  certain 
bounds  or  limits  are  prescribed. 

INFINITESIMAL,  or  Infinitely  small  Quantity,  is  that 
which  is  so  small,  as  to  be  incomparable  with  any  finite  quan- 
tity whatever,  or  it  is  that  which  is  less  than  any  assignable 
quantity. 

In  the  Method  of  Infinitesimals,  the  element  by  which  a 
quantity  increases  or  decreases,  is  supposed  to  be  infinitely 
small,  and  is  generally  expressed  by  two  or  more  terms ; some 
of  which  are  infinitely  less  than  the  rest,  which  being  neglect- 
ed, as  of  no  importance,  the  remaining  terms  form  wbat  is 
called  the  difference  of  the  proposed  quantity.  The  terms  that 
are  thus  neglected,  are  iufioitely  less  than  the  other  terms  of 
the  element,  and  are  the  same  which  arise  in  consequence  of 
the  acceleration  or  retardation  of  the  generating  motion,  daring 
the  infinitely  small  instant  of  time  in  which  the  element  was 
grnerated  ; so  that  the  remaining  terms  express  the  element  that 
would  have  been  formed  in  that  time,  if  the  generating  motion 
had  continued  uniform. 

These  differences  are,  therefore,  in  exactly  the  same  ratio  to 
each  other,  as  the  generating  motions  or  fluxions  ; and  hence, 
though  infinitesimal  parts  of  the  elements  are  neglected,  the 
conclusions  are  accurately  true,  in  conseqocnce  of  what  may 
be  termed  a compensation  of  errors. 

INFLAMMABILITY,  that  property  of  certain  bodies  by 
which  they  kindle  or  catch  fire. 

INFLECTION, called  also  Diffraction  and  Deflection, 
in  Optics,  is  a property  of  light,  by  reason  of  which,  when  it 
comes  within  a certain  distance  of  any  body,  it  will  be  either 
bent  from  it  or  towards  it;  which  is  a kind  of  imperfect  reflec- 
tion or  refraction. 

Experiments  and  observations  seem  to  rednee  the  phenome- 
na of  inflection  to  a single  principle,  vis-  of  the  attraction  of 
light  towards  bodies ; which  attraction  becomes  conspicuous 
when  the  rays  of  light  pass  within  a certain  distance  of  their 
surfaces.  Besides  their  being  bent,  the  rays  of  light  are  like- 
wise separated  into  colours  by  the  vicinity  of  bodies,  and  this 
produces  the  singular  phenomenon  of  the  coloured  Triages  that 
accompany  the  inflection. 

Inflection,  or  Point  of  Inflection,  in  the  Higher  Geometry, 
is  a point  where  a curve  begins  to  bend  a contrary  way. 

Inflection,  in  Grammar,  the  vaiiation  of  nouns  and  verbs, 
by  declension  and  conjugation. 

INFLORESCENCE,  in  Botany,  a term  used  to  denote  the 
mode  of  flowering  ; the  manner  in  which  flowers  are  supported 
on  their  footstalks. 

IN  FORMA  PAUPERIS.  When  any  man  who  has  a just 
cause  of  suit,  either  in  chaneery  or  any  of  the  courts  of  common 
law,  will  come  before  the  lord  keeper,  master  of  the  rolls,  either 
of  the  chief  justices,  or  chief  baron,  and  make  oath  that  he  is 
not  worth  five  pounds,  his  debts  paid  ; either  of  the  said  judges 
will,  in  his  own  proper  court,  admit  him  to  sue  is  forma  j>a  u- 
peris,  or  as  a poor  man,  and  he  shall  have  counsel,  clerk,  or 
attorney  assigned  him,  to  do  his  business,  without  paying 
ativ  f»  es. 

INFORMATION,  in  Law,  is  nearly  the  same  in  the  crown 
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office,  as  what  in  other  courU  is  called  a Declaration.  See 
Prosecution.  Informations  are  of  two  forts:  first,  those 
which  are  partly  at  the  suit  of  the  kin;,  and  partly  at  that  of  a 
subject  ; and  secondly,  such  as  are  only  in  the  name  of  the 
king.  The  former  arc  usually  brought  upon  penal  statutes, 
which  inflict  a penalty  upon  conviction  of  the  offender,  one 
part  to  the  use  of  the  king,  and  another  to  the  use  of  the  in- 
former. By  the  statute  31  Elis.  c.  A.  no  prosecution  upou  any 
penal  statute,  the  suit  and  benefit  whereof  are  limited  in  part 
to  the  king  and  in  part  to  the  prosecutor,  can  be  brought  by 
any  common  informer  after  one  year  is  expired  since  the  com- 
mission of  the  offence;  nor  on  behalf  of  the  crown,  after  the 
lapse  of  two  years  longer  ; nor  where  the  forfeiture  is  originally 
given  only  to  the  king,  can  such  prosecution  ho  had  after  the 
expiration  of  two  years  from  the  commission  of  the  offence. 
The  informations  that  are  exhibited  in  the  name  of  the  king 
atone,  are  also  of  two  kinds:  first,  those  which  are  truly  and 
properly  his  own  suits,  and  filed  ex  officio  by  his  own  imme- 
diate officer,  the  attorney-general;  secondly,  those  in  which, 
though  the  king  is  the  nominal  prosecutor,  yet  it  is  at  tire 
relation  of  some  private,  or  common  iui'ormer ; and  they  arc 
filed  by  the  king's  coroner  and  attorney  in  the  court  of  the 
King's  Bench,  usually  called  the  master  of  the  crown  office,  who 
is  for  this  purpose  the  standing  officer  for  the  public.  The 
objects  of  the  other  species  of  information,  filed  by  the  master 
of  the  crown  office,  upon  the  complaint  or  relation  ol  a private 
subject,  arc  any  gross  and  notorious  misdemeanors,  riots,  bat- 
teries. libels,  and  other  immoralities  of  an  atrocious  kind,  not 
peculiarly  tending  to  disturb  the  government,  (for  those  arc 
left  to  the  care  of  the  attorney-general ;)  hut  which,  on  account 
of  their  magnitude  or  peruicious  example,  deserve  the  most 
public  animadversion.  And  when  an  information  is  filed, 
either  thus,  or  by  the  attorney-general  ex  officio,  it  must  be 
tried  by  a petty  jury  of  the  county  where  the  offence  arises: 
after  which,  if  the  defendant  be  found  guilty,  he  must  resort  to 
the  court  for  his  punishment. 

INFORMES  Stella,  unformed  stars,  are  those  which  have 
not  been  yet  reduced  into  constellations,  and  are  otherwise 
called  sporadet.  In  the  earlier  ages  of  astronomical  science, 
the  most  conspicnous  only  of  the  assemblages  of  stars  were 
classed  as  constellations.  From  the  sporadcs  of  the  ancient, 
the  moderns  have  arranged  many  new  astcrisros,  for  an  account 
of  which  wc  must  refer  the  reader  to  Jamieson's  Celestial  Atlas. 

INFUSION,  in  Chemistry,  is  the  maceration  of  any  sub- 
stance in  water,  or  any  other  liquid,  hot  or  cold,  in  order  to 
extract  its  soluble  parts.  The  liquid  which  is  thus  impregnated 
L>  called  an  infusion. 

INFUSORIA,  in  Natural  History,  the  fifth  order  of  the  class 
vermes,  in  the  Linnwao  system.  They  arc  simple  microsco- 
pic animalcules.  Tbeprocess  by  which  their  numbers  arc  some- 
times increased,  is  no  loss  astonishing  than  their  first  produc- 
tion. Several  of  the  genera  often  seem  to  divide  spontaneously 
into  two  or  more  parts,  which  become  new  and  distinct  animals. 

INGOT,  in  the  arts,  is  a small  bar  of  metal  made  of  a certain 
form  and  size.  The  term  is  chiefly  applied  to  the  small  bars  of 
gold  and  silver,  intended  either  for  coining,  or  exportation  to 
foreign  countries. 

INGRAFTING,  in  Gardening.  See  Grafting. 

INGRATITUDE,  the  opposite  of  gratitude.  Nee  Gratitude. 
Ingratitude  is  a crime  so  shameful,  that  there  was  never  a man 
found  who  would  own  himself  guilty  of  it ; and,  though  too  fre- 
quently practised,  it  is  so  abhorred  by  the  general  voiee,  that 
to  an  ungrateful  person  is  imputed  the  guilt,  or  the  capability, 
of  all  other  crimes.  The  ungrateful  are  neither  fit  to  love  their 
Maker,  their  country,  nor  their  friends.  Ingratitude  perverts 
all  the  measures  of  religion  and  society,  by  making  it  danger- 
ous to  be  charitable  and  good  natured.  However,  it  is  better 
to  expose  ourselves  to  ingratitude,  than  to  bo  wanting  in 
charity  and  benevolence. 

INGRESS,  in  Astronomy,  is  the  entrance  of  the  sun  into  any 
of  the  zodiacal  signs,  especially  into  Aries. 

INHALER,  a machine  used  lor  steaming  the  lungs  with  the 
vapour  of  hot  water,  for  the  cure  of  a cough,  cold,  inflamed 
throat,  kc. 

INHERITANCE,  a perpetual  right  or  interest  in  lands, 
invested  in  a person  and  his  heirs.  See  Descent. 
flu. 


INHIBITION,  a writ  to  inhibit  or  forbid  a judge  from  fur- 
ther proceeding  in  a cause  depending  before  him.  Sometimes 
prohibition  and  inhibition  arc  put  together,  as  of  the  same  im- 
ort;  hut  inhibition  is  most  commonly  a writ  issuing  out  of  a 
igber  couit-christian  to  a lower;  aud  prohibition,  of  the 
king's  court  to  an  inferior  court. 

Inhiiition,  iu  Scots  Law.  a diligence  obtained  at  the  suit  of 
a creditor  against  his  debtor,  prohibiting  front  selling  or  con- 
tracting debts  upon  his  estate  to  the  creditor’s  prejudice. 

INJECTION,  the  forcilil)  throwing  certain  liquid  medicines 
into  the  body,  by  means  of  a syringe,  tube,  or  the  like. 

Injection,  in  Surgery,  the  throwing  in  some  liquor  or  medi- 
cines into  a vein  opened  by  incision.  This  practice,  and  that 
of  transfusion,  ur  the  conveying  the  arterial  blood  of  one  man, 
or  other  animal,  into  another,  were  once  greatly  practised,  but 
are  now  laid  aside. 

Anatomical  l\ jectiov,  the  filling  the  vessels  of  a human,  or 
other  animal  body,  with  some  coloured  suhstaucc,  in  order  to 
make  tlicir  figures  and  ramifications  visible. 

INITIATED,  a term  properly  used  in  speaking  of  the  reli- 
gion of  the  ancient  heathens:  nlu-re  it  signifies  being  admitted 
to  the  participation  of  the  sacred  mysteries.  The  word  comes 
from  the  Latin,  initiatas  of  initiare,  initiari ; which  properly 
signifies  to  begin  sacrificing,  or  to  receive  or  admit  a person  to 
the  beginning  of  the  mysteries,  or  of  ceremonies  of  less  ini- 
portance.  The  ancients  never  discovered  the  deeper  mysteries 
of  their  religion,  nor  even  permitted  some  of  their  temples  to 
be  open,  to  any  but  those  who  had  been  initiated.  See 
Mystery. 

INJUNCTION,  in  Law.  a writ  generally  grounded  upon  an 
interlocutory  order  or  decree  out  of  the  Court  of  Chancery  or 
Exchequer,  sometimes  to  give  possession  to  the  plaintiff,  for 
want  of  the  defendant's  appearance;  sometimes  to  the  king's 
ordinary  court;  and  sometimes  to  the  court-clm&liaa.  to  stop 
proceeding*  in  a cause,  upon  suggestion  made,  that  the  rigour 
of  the  law,  if  it  take  place,  is  against  equity  and  conscience  in 
that  ease ; that  the  complainant  is  not  able  to  make  his  defence 
in  these  courts,  for  want  of  witnesses,  kc.  or  that  they  act 
erroneously,  denying  him  some  just  advantage.  The  writ  of  in- 
junction is  directed  nut  only  to  the  party  himself,  hut  to  all  and 
singular  bis  counsellors,  attorneys,  and  solicitors ; and  if  any 
attorney,  after  having  been  served  with  an  injunction,  proceeds 
afterward*  contrary  to  it,  the  Court  of  Chancery  will  commit 
the  attorney  to  the  fleet  for  contempt.  But  if  an  injunction  be 
granted  bv  the  Court  of  Chancery  in  a criminal  matter,  the 
Court  of  King's  Bench  may  break  it,  aud  protect  any  that  pro- 
ceed in  contempt  of  it. 

INK-MAKING.  Inks  aro  fluid  compounds,  designed  to 
form  characters,  or  figure*,  on  paper,  parchment,  or  such  other 
substance  as  may  be  fit  to  receive  them.  There  are  two  prin- 
cipal kinds  of  ink,  -writing,  and  printing  ink. 

To  make  writing  ink.  To  an  infusion  of  gall-nuts  add  some 
solution  of  sulphate  of  iron  (green  copperas)  aud  a very  dark- 
blue  precipitate  will  trike  place. 

This  precipitate  is  the  gallic  acid  of  the  galls  united  to  the 
iron  of  the  green  vitriol,  forming  gallnt  of  iron.  This  is  the 
basis  of  writing  ink;  add  n little  gum-arabic:  or  take  eight 
•unces  of  Aleppo  galls,  in  coarse  powder;  four  ounces  of  log- 
wood in  thin  chips  ; four  ounces  of  sulphate  of  iron  (green  cop- 
peras); three  ounces  of  gum-arabic,  in  powder;  one  ounce  of 
sulphate  of  copper  (blue  vitriol);  and  one  ounce  of  sugarcandy. 
Boil  the  galls  and  logwood  together  in  twelve  pounds  of  water 
for  one  hour,  or  till  half  the  liquid  has  been  evaporated.  Strain 
the  decoction  through  a hair  sieve  or  Horn  cloth,  and  then  add 
the  other  ingredients.  Stir  the  mixture  till  the  whole  is  dis- 
solved, more  especially  the  gum;  after  which,  leave  it  to 
subside  for  twenty-four  hours.  Then  decant  the  ink,  and 
preserve  it  in  bottles  of  glass  or  stone-ware  well  corked. — Or  the 
following  formula  for  the  preparation  of  good  writing  ink  may 
be  used  : for  writing  ink,  the  following  proportions  of  materials 
are  deemed  best ; three  ounces  of  finely  bruised  galls ; one 
ounce  of  green  vitriol;  one  ounce  of  logwood  shavings;  one 
once  of  gum-arabic  ; half  an  ounee  of  bruised  cloves  ; one  pint 
of  distilled  vinegar;  one  pint  of  distilled  water.  These  mate- 
rials are  to  be  pul  together  in  a bottle,  and  set  in  a warm  place 
fourteen  days,  being  well  shaken  every  day.  The  ooarser  partj 
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being  allowed  to  subside,  the  ink  is  poured  off;  and  its  quality 
is  materially  improved  by  dissolving  a stick  of  Indian  ink  and 
ten  grains  of  corrosive  sublimate  in  each  quart;  an  ounce  of 
browo  sugar  may  also  be  added,  if  the  ink  is  intended  to  be 
used  in  the  copying  press. 

To  make  red  writing  ink : Take  a quarter  of  a pound  of  the 
raspings  of  Brazil  wood,  and  infuse  it  two  or  three  dnjs  in 
vinegar.  Boil  the  infusion  for  an  hour  over  a gentle  tire,  and 
filter  it  while  hot.  Put  it  again  over  the  fire,  and  dissolve  in  it, 
first,  half  an  ounce  of  gum-arabic,  and  then  of  alum  and  white 
sugar  each  half  an  ounce. 

Printing  Ink.  Printers' ink  is  composed  of  lamp  black  and  lin- 
seed or  suet  nil  boiled,  so  as  to  acquire  consistence  and  tenacity. 
The  obtaining  of  good  lump  Mark  appears  to  be  the  chief  diffi- 
culty in  making  this  ink.  The  ink  used  by  copperplate  printers, 
differs  from  the  last  only  in  that  the  oil  is  not  so  much  boiled, 
and  the  using  of  Frankfort  black. 

Sympathetic  inks  arc  such  ns  do  not  appear  after  they  arc 
written  with,  but  may  be  made  apparent  by  certain  means  to  be 
used  for  this  purpose.  A variety  of  subslanres  have  been  used 
for  this  purpose.  We  shall  describe  the  chief  of  them. 

1.  Dissolve  sugar  of  lead  in  water,  write  with  the  solution, 
and  when  dry,  no  w riling  will  he  visible.  When  you  want  to 
make  it  appear,  wet  the  paper  with  a solution  of  alkaline  sub 
phuret,  and  the  letters  will  immediately  appear  of  a brown 
colour.  Even  the  vapours  of  these  solutions  will  render  the 
writing  apparent. 

2.  Write  with  a solution  of  gold  in  aqua  regia,  let  the  paper 
dry  gently  in  the  shade,  and  nothing  will  appear;  but  draw 
over  it  a sponge  wetted  with  a solution  of  tin  in  aqua  regin, 
and  the  writing  will  appear  of  a purple  colour. 

3.  Write  with  an  infusion  of  galls,  and  when  you  wish  the 
writing  to  appear,  dip  it  into  a solution  of  green  vitriol ; the 
letters  will  appear  black. 

•4.  Write  with  diluted  sulphuric  acid,  and  nothing  will  be 
visible.  To  render  it  apparent,  hold  it  to  the  fire,  and  the 
letters  will  instantly  become  black. 

6.  The  juice  of  lemons,  or  of  onions,  a solution  of  sal  ammo- 
niac, green  vitriol,  &c.  answers  the  same  purpose. 

6-  Green  sympathetic  ink  is  made  by  dissolving  cobalt  in 
nitro  muriatic  acid  : write  with  the  solution,  and  the  letters 
will  be  invisible  till  held  to  the  fire,  when  they  will  appear 
green,  but  disappear  completely  again  when  rerouted  into  the 
cold,  fn  this  manner  they  may  he  made  to  appear  and  disap* 
pear  at  pleasure. 

A very  pleasant  experiment  of  this  kind,  is  to  make  a draw, 
ing,  representing  a winter  scene,  in  which  the  trees  appear  void 
of  leaves,  then  put  the  leaves  on  with  this  s\  mpathctic  ink  ; 
and  upon  holding  the  drawing  near  to  the  fire,  the  leaves  will 
begin  to  appear  in  all  the  verdure  of  spring,  and  surprise  those 
who  are  not  in  the  secret. 

Blue  sympathetic  ink  is  made  by  dissolving  cobalt  in  nitric 
acid;  precipitate  the  cobalt  hy  potash;  dissolve  this  precipi- 
tated oxyd  of  cobalt  in  acetic  acid,  and  add  to  the  solution 
ane-eigbth  of  common  salt.  This  will  form  a sympathetic  ink, 
which,  when  cold,  will  he  invisible,  but  will  appear  blue  by  the 
beat  of  the  fire. 

INK,  Chinn,  or  Indian.  This  ink  is  brought  over  in  small  ob- 
long cakes,  which  readily  become  diffused  in  water  hy  rubbing, 
and  the  blackness  remains  suspended  in  it  for  a considerable 
lime.  Dr.  Lewis,  on  examining  this  substance,  found  that  it 
consisted  of  a black  sediment  insoluble  in  water,  which  ap- 
peared to  be  of  the  nature  of  the  finest  lamp-black,  and  of 
another  substance  soluble  io  water,  and  which  putrified.  and 
when  evaporated  left  a tenacious  jelly-like  glue  or  isinglass. 
It  appears  probable  therefore,  that  it  may  be  imitated  by  using 
a very  fine  jcl’y.  like  isinglass,  or  siae,  and  the  finest  lamp  black, 
and  incorporating  them  thoroughly. 

Ink,  removing  Staint  of.  The  stains  of  ink  on  cloth,  paper,  or 
wood,  may  be  removed  by  almost  all  acids ; but  those  acids 
are  to  be  preferred  which  are  least  likely  to  injure  the  texture 
of  the  a tni ned  substance.  The  muriatic  acid  diluted  with  five 
or  six  times  its  weight  of  water,  may  be  applied  to  the  spot, 
and,  after  a minute  or  two,  may  be  washed  off,  repeating  the 
application  as  often  as  may  be  found  ncoessary.  But  the 
vegetable  acids  are  attended  with  less  risk,  and  arc  equally 


effectual.  A solution  of  the  oxalic,  citric,  (acid  of  lemons,)  nr 
tartareous  acids,  in  water,  may  be  applied  to  the  most  delicate 
fabrics,  without  any  danger  of  injuring  them  ; and  the  same 
solutions  will  discharge  writing  but  not  printing  ink.  Hence 
they  may  be  employed  in  cleaning  books  which  have  been  de- 
faced by  writing  on  the  margin,  without  impairing  the  text 
Lemon-juice, and  the  juice  of  sorrel,  will  also  remove  ink  stains, 
but  not  so  easily  as  the  concrete  acid  of  lemons,  or  citric  acid. 

INNATE  Ideas,  those  supposed  to  be  stamped  on  the  mind 
from  the  first  moment  of  its  existence,  and  which  it  constantly 
brings  into  the  world  with  it;  it  is  a doctrine  which  Mr.  Locku 
has  abundantly  refuted. 

INNS  and  Innkeepers.  If  one  who  keeps  a common  inn 
refuse  cither  to  receive  a traveller  ns  a guest  in  his  house,  or  to 
find  him  victuals  or  lodging,  upon  his  tendering  a reasonable 
price  for  them,  be  is  not  only  liable  to  render  the  damages  for 
the  injury  in  an  action  on  the  case,  at  the  suit  of  the  party 
grieved,  but  also  may  be  indicted  and  fined  at  the  soil  of  the 
king.  In  return  for  such  responsibility,  the  law  allows  him  to 
retain  the  horse  of  his  guest  until  paid  for  his  keep ; but  he 
cannot  retain  such  horse  for  the  hill  of  the  owner,  although  he 
may  retain  his  goods  for  such  bill;  neither  can  he  detain  one 
horse  for  the  food  of  another.  An  innkeeper,  however,  is  not 
bound  to  receive  the  horse,  unless  the  master  lodge  there  also. 
Neither  is  a landlord  bound  to  furnish  provisions,  unless  paid 
beforehand.  If  an  innkeeper  make  out  unreasonable  bills,  lie 
may  be  indicted  for  extortion  ; and  if  either  he  or  any  of  his 
servants  knowingly  sell  bad  wine,  or  bad  provisions,  they  will 
be  responsible  in  an  action  of  deceit.  Keeping  an  inn  is  not  tra- 
ding, to  make  a man  a bankrupt;  but  where  an  innkeeper  is  a 
chapman  also,  aud  buys  and  sells,  he  may  on  that  account  be  a 
bankrupt.  Innkeepers  arc  clearly  chargeable  for  the  goods  of 
guests  stolen  or  lost  out  of  their  inns,  and  this  without  any 
contract  or  agreement  for  that  purpose.  But  if  a person  come 
to  an  innkeeper,  and  desire  to  he  entertained  by  him,  which  the 
innkeeper  refuses,  because  in  fact  his  house  is  already  full, 
whereupon  the  party  says  he  will  shift  among  the  rest  of  his 
guests,  and  there  he  is  robbed,  the  host  shall  not  be  charged. 

If  a man  come  to  a common  inn  to  harbour,  and  desire  that 
his  horse  may  be  put  to  grass,  and  the  host  put  him  to  grata 
accordingly,  and  the  horse  is  stolen,  the  host  shall  not  Ho 
charged.— Innkeepers  may  detain  the  person  of  the  guest  who 
cats,  till  pay  ment.  By  the  custom  of  London  and  Exeter,  if  a 
man  commit  a horse  to  an  hostler,  and  he  cat  out  the  price  of 
his  head,  the  hostler  may  sell  him  upon  the  reasonable  apprais- 
ment  of  four  of  his  neighbours  ; y et  he  cannot  justify  the  taking 
him  to  himself  at  the  price  it  was  appraised  at- 

INNUENDO,  is  a word  used  in  declarations  and  law  plead- 
ings, to  ascertain  a person  or  thing  which  whs  not  named  be- 
fore ; as  to  any  he  (innuendo  the  plaintiff)  did  so  and  so,  when 
there  was  mention  before  of  another  person.  Inn  endomaj  serve 
for  an  explanation,  where  there  is  prrcrdcni  matter,  but  never 
for  n new  charge ; it  may  supply  what  is  already  expressed, 
but  cannot  add  or  enlarge  the  importance  of  it. 

INOCULATION,  or  Buddino.  in  Gardening,  is  commonly 
practised  upon  all  sorts  of  stone  fruits;  as  nectarines,  peaches, 
apricots,  plums,  cherries,  as  also  upon  oranges  and  jasmines; 
and  indeed  this  is  preferable  to  any  sort  of  grafting  for  most 
sorts  of  fruit.  For  the  method  of  performing!!  see  Gahdeniki;. 

INOCULATION,  in  a physical  sense,  is  used  for  the  trans- 
plantation of  distempers  from  one  subject  to  another,  particu- 
larly for  the  engraftment  of  the  small-pox  ; which,  though  of 
ancient  use  in  the  eastern  countries,  is  hut  a modem  practice 
among  us,  at  least  under  the  direction  of  art- 

In  the  year  1717.  Lady  Mary  Wortley  Montague,  wife  ot  the 
English  ambassador  at  Constantinople,  had  her  son  inoculated 
there  at  the  age  of  six  years ; he  had  but  few  pustules,  and  soon 
recovered.  In  April  1721,  inoculation  was  successfully  tried 
on  seven  condemned  criminals  in  London,  by  permission  of 
his  majesty.  In  1722,  Lady  Mary  Montague  had  a daughter 
of  six  years  old  inoculated  in  this  island;  soon  after  which,  the 
children  of  the  royal  family,  that  had  not  had  the  small-pox, 
were  inoculated  with  success ; then  followed  some  of  tho 
nobility,  and  the  practice  soon  prevailed.  And  here  wc  data 
the  commencement  of  inoculation  under  the  direction  of  art. 
From  the  example  of  the  royal  family  in  England,  the  practice 
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Wai  adopted  io  Germany,  particularly  in  Hanover  and  iU 
adjacent  ooontriea. 

After  Mr.  Maitland  had  succeeded  with  those  he  had  inocu- 
lated  in  and  about  London,  he  introduced  the  practice  into 
Scotland  in  the  year  1 720.  Sweden  noon  followed  the  example 
of  the  British.  Russia  engaged  one  of  our  principal  promoters 
and  improvers  of  this  art.  And  now  there  are  not  many  coun* 
tries  that  do  not  more  or  less  practise  it. 

Different  Modes  of  Inoculation.— The  practice  of  inoculation 
having  obtained  in  every  part  of  the  world,  it  may  be  grateful, 
at  least  to  curiosity,  to  have  a general  account  of  the  different 
modes  that  are  and  have  been  adopted  in  that  practice. 

Inoculation  with  the  blood  of  variolous  patients  has  been 
tried  without  effect:  the  variolous  matter  only  produces  the 
variolous  disease.  The  application  of  the  variolous  matter  takes 
place  in  a sensible  part  only;  the  activity  of  the  virus  is  such, 
that  the  smallest  atom,  though  imperceptible  to  any  of  our 
senses,  conveys  the  disease  as  well  as  the  largest  quantity. 
Hence  the  roost  obvious  method  is,  the  prick  of  a needle  or 
the  point  of  a lancet  dipped  in  the  matter  of  a variolous  pustule. 
Cotton  or  thread  is  used,  that  is  previously  rnbbrd  with  pow- 
dered variolous  scabs;  this  thread  is  drawn  with  a needle  through 
the  cutis,  but  not  left  in.  This  is  the  method  in  some  parts  of 
the  East  Indies.  Tbe  Indians  pass  the  thread  on  the  outside 
of  tne  hand,  between  any  of  the  fingers,  or  between  the  fore 
finger  and  thumb.  The  Thessalian  women  inoculate  in  the 
forehead  and  chin.  Some  abrade  the  scarf  skins,  and  rub  in 
the  pondered  dry  scabs,  which  fall  from  tbe  pustules  of  patients 
with  the  small-pox. 

Many  of  the  Greek  women  make  an  oblique  puncture  with  a 
needle,  on  the  middle  of  the  top  of  the  forehead,  on  each 
cheek,  the  chin,  each  metacarpus,  and  each  metatarsus;  then 
drop  in  each  a little  of  the  pus  just  taken  warm  from  a patient, 
and  brought  in  a servant's  bosom.  Others  in  Greece,  make 
several  little  wounds  with  a needle  in  one,  two.  or  more  places, 
in  the  skin,  till  some  drop*  of  blood  ensue  ; then  the  operator 
pours  a drop  of  warm  pus  fresh  from  a pustule,  and  mixes  it 
with  the  blood  as  it  issues  out ; then  the  wound  is  covered  by 
some  with  a bandage,  by  others  with  half  a walnut  shell, 
placed  with  its  concave  side  over  each  orifice.  The  Chinese 
convey  a pdlet  of  variolated  cotton,  with  the  addition  of  a little 
musk,  into  the  nostrils  of  the  patient ; they  collect  dry  pus- 
tules, and  keep  them  in  a porcelain  bottle  well  corked ; and 
when  they  inoculate,  they  mix  a grain  of  musk  with  three  or 
lour  grains  of  tbe  dry  scales,  and  roll  them  io  cotton.  This 
method  may  be  called  inodoration. 

About  Bengal,  in  the  East  Indies,  the  person  who  intends  to 
be  inoculated,  having  found  a house  where  there  is  a good  sort 
of  small-pox,  goes  to  the  bed  of  the  sick  person,  if  he  is  old 
enough  ; or  if  a child,  to  one  of  bis  relations,  and  speaks  to  him 
as  follows: — **  I am  come  to  buy  the  small-pox."  The  answer 
is,  “ Buy  if  you  please.*’  A sura  of  money  is  accordingly 
given,  and  one,  three,  or  five,  pustules,  for  the  number  must 
always  be  odd,  and  not  exceeding  five,  extracted  whole,  and 
full  of  matter.  These  are  immediately  robbed  on  the  skin  of 
the  outside  of  the  hand  between  the  fore  finger  and  the  th  imb; 
and  this  suffices  to  produce  the  disease.  The  same  custom 
prevails  in  Algiers,  Tunis.  Tripoli,  and  other  countries. 

Very  similar  to  the  custom  among  the  people  about  Bengal, 
Ice.  is  that  io  Arabia,  where  on  some  fleshy  part  they  make 
several  punctures  with  a needle  imbued  in  variolous  matter, 
taken  from  a pustule  of  a favourable  kind.  Here  they  hoy  the 
small-pox,  too,  as  follows  : — The  child  to  he  inoculated  carries 
a few  raisins,  dates,  sugarplums,  or  such  like,  and  shewing 
them  to  the  child  from  whom  the  matter  is  to  be  taken,  ask* 
how  many  pocks  be  will  give  in  exchange?  The  bargain  being 
made,  they  proceed  to  the  operation  ; hut  this  buying,  though 
still  contiuued,  is  not  thought  necessary  to  the  success  of  the 
operation.  The  Arabs  say,  that  any  fleshy  part  is  proper,  but 
geacrally  they  insert  the  matter  between  the  fore  finger  and 
thumb  on  the  outside  of  the  arm.  The  Georgians  insert  the 
matter  on  the  fore  arm.  The  Armenians  introduce  the  matter 
ob  the  tw«  thighs.  In  Wales,  the  practice  may  be  termed 
{■friction  of  the  small-pox.  There,  sonic  of  the  dry  pustules 
are  procured  by  purchase,  and  arc  rubbed  hard  upon  tbe  naked 
am  or  kg. 


The  practice  in  some  places  is,  to  prick  the  skin  between 
some  of  the  fingers  by  means  of  two  small  needles  joined  to  one 
another;  and  after  having  rubbed  a little  of  tbe  matter  on  the 
spot,  a circle  ia  made  by  means  of  several  punctures  of  tbe 
bigness  of  a common  pustule,  and  matter  is  again  rubbed  over 
it.  The  operation  is  finished  by  dressing  the  wound  with  lint. 
Another  custom  is,  to  mix  a little  of  tbe  variolons  matter  with 
sugar,  and  give  it  to  be  drank  in  aoy  agreeable  liquor. 

Incisions  have  been  made  in  the  arms  and  legs,  and  thread, 
cotton,  or  lint,  previously  dipped  in  the  variolous  matter,  was 
lodged  in  them.  The  practice  of  some  is,  to  bathe  the  feet  in 
warm  water,  and  then  secure  lint  dipped  in  variolous  matter  on 
the  instep,  or  other  part  of  the  foot,  where  tbe  skin  is  thin. 
Others  apply  a small  blistering  plaster;  and  when  the  scarf 
skin  is  elevated  and  slipped  off,  the  variolas  matter  is  applied  to 
the  surface  of  the  true  skin,  and  confined  there  by  a little  lint 
or  plaster.  Scratching  tbe  skin  with  a pin  or  needle,  and  then 
rubbing  the  part  with  lint  previously  dipped  in  variolous  matter, 
is  the  custom  in  some  places. — In  the  Highlands  of  Scotland 
they  rub  some  part  of  the  skin  with  fresh  matter,  or  dip 
worsted  in  variolous  matter,  and  tie  it  about  the  children's 
wrists.  They  observe,  that  if  fresh  matter  is  applied  a few 
days  successively,  the  infection  is  more  certain  than  by  one 
application. 

Wc  have  thus  given  the  history  of  inoculation  for  the  small- 
pox, which  not  many  years  ago  was  justly  regarded  as  one  of 
the  greatest  discoveries  which  had  been  made  for  the  benefit  of 
mankind,  and  would  still  he  regarded  as  such,  had  it  not  given 
place  to  one  still  more  valuable  and  important,  the  vaccine 
inoculation  or  cow-pox,  which  now  promises  to  banish  the 
small-pox  from  the  world.  For  an  account  of  this,  set  Vacci- 
nation. 

It  would  be  quite  unnecessary  to  enter  into  tbe  detail  of  the 
advantages  to  he  derived  from  inoculation  for  the  small  pox, 
and  the  methods  of  performing  or  preparing  for  it  formerly 
practised.  But  as  a curious  part  of  the  history  of  this  prac- 
tice, we  shall  just  barely  mention  some  of  the  objections  which 
have  been  urged  against  it.  It  has  been  said,  that  inoculation 
for  the  small-pox  is  unlawful ; that  it  is  bringing  a distemper 
on  ourselves,  and  thus  usurping  the  sacred  prerogative  of 
God;  that  the  decrees  of  God  have  fixed  Ihc  commission  of 
every  disease,  and  our  precautions  cannot  prevent  what  he 
hath  determined  ; that  we  should  not  do  evil  that  good  may 
come ; that  the  patient  may  die,  and  then  his  last  moments  are 
distressed,  and  the  future  reflections  of  his  friends  are  grievous  ; 
that  fear  is  a dangerous  passion  in  the  small  pox,  but  inocu- 
lation increases  the  causes  of  fear,  by  lessening  our  faith  and 
trust  in  God ; that  inoculation  docs  not  exempt  from  future 
infection  ; that  other  diseases  are  communicated  with  the  mat- 
ter of  the  small-pox  by  inoculating  it;  that  perhaps  the  dis- 
ease may  never  attack  in  the  natural  wav  : that  it  requires 
much  thought  to  know  what  we  should  do  with  regard  to  inocu- 
lation; that  it  endangers  others,  and  that  the  practice  of  ino- 
culation comes  from  the  devil. 

INORDINATE  Proportion,  is  where  there  are  three  mag- 
nitudes in  one  rank,  and  three  others  proportional  to  them  in 
another,  and  you  compare  them  in  a different  order.  Thus 
suppose  the  numbers  in  one  rank  to  be  2.  3,  9.  and  those  of  the 
other  rank  8.  24,  30.  which  are  compared  in  different  order, tiz. 
2 : 3 : : 24  : 36 ; and  3 : 9 : : 8 : 24.  Then  rejecting  the  mean 
terms  of  each  rank,  von  conclude  2 : 9 : : 8 : 36. 

INQUEST,  in  Law,  an  inquisition  by  jurors  or  a jury. 

INQUISITION,  in  Law,  a manner  of  proceeding  by  search 
or  examination,  on  the  kiug's  behalf,  in  cases  of  outlawry,  or  self- 
murder.  to  discover  the  lands,  goods,  Ac.  forfeited  to  the  crown. 
Inquisition  is  also  had  upon  extents  of  lands,  tenoments.  Ac., 
writs  of  clegit,  and  where,  judgment  being  had  by  default, 
damages  and  costs  are  recovered. 

Inquisition,  In  the  Church  of  Rome,  a tribunal  in  several 
Roman  Catholic  countries,  erected  by  the  popes  for  the  exami- 
nation and  punishment  of  heretics. 

INROLLMENT,  in  Law,  is  the  registering,  recording,  or  en- 
tering in  the  rolls  of  the  Chancery,  King's  Bench,  Common 
Pleas,  or  Exchequer,  or  by  the  clerk  of  the  peace,  in  the  records 
of  the  quarter  sessions,  or  any  lawful  act ; a statute  or  recogni- 
sance acknowledged,  a deed  of  bargain  and  sale  of  lands,  and 
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the  like.  By  statute  27  Henry  VIIT.  e.  16,  no  lands  shall  pass 
whereby  aoy  estate  of  inheritance  or  freehold  shall  take  cflcct. 
or  any  use  thereof  be  made,  by  reason  only  of  any  bargain  and 
sale  thereof,  except  the  bargain  and  sale  be  made  by  writing 
Indented,  scaled,  and  within  six  months  in  rolled  in  one  of  tbo 
king’s  courts  of  record  at  Westminster;  or  else  within  the 
county  where  the  lands  lie,  before  the  clerk  of  the  peace,  and 
one  or  more  justices.  But  b)  Ath  Elizabeth,  c.  26,  in  the  coun- 
ties palatine,  they  may  be  iorollcd  at  the  respective  courts 
there,  or  at  the  assizes.  Every  deed  before  it  is  imolled  is  to 
be  acknowledged  to  be  the  deed  of  the  party  before  a master 
of  chancery,  or  a judge  of  the  coart  wherein  it  is  inrotlcd,  which 
is  the  officer's  warrant  for  inrolling  it ; and  the  inrolment  of  a 
deed,  if  it  bo  acknowledged  by  the  grantor,  will  be  a good  proof 
of  the  deed  itself  upon  a trial. 

INSCRIBED  Figure,  in  Geometry,  is  one  which  has  all  its 
angles  in  the  sides  or  periphery  of  another  figure,  in  which  the 
former  is  said  to  be  inscribed.  c 

To  inscribe  a circle  in  a triangle 
ABC. 

Bisect  any  two  of  the  angles  A 
aud  IJ,  and  from  the  point  of  inter- 
section  O,  let  fall  the  perpendicular 
OD  ; so  will  U D be  the  radius  and  U 
the  centre  of  the  circle  required. 

To  inscribe  a Polygon  within , or  to 
circumscribe  a Polygon  about  a given 
Circle. 

Bisect  two  of  the  angles  of  the 
given  polygon  A and  B by  the  right 
lines  A 0,110;  and  from  the  point 
O,  where  they  meet,  with  the  radios 
A O,  describe  a circle  which  will 
circumscribe  the  polygon. 

Next,  to  circumscribe  a polygon, 
divide  300  by  the  number  of  sides  re- 
quired, to  find  the  angle  AO  B ; which  set  off  from  the  centre 
6,  and  draw  the  line  A B.  on  which  construct  the  polygon  as  in 
the  following  problem.  % On  a given  line  to  describe  any 
given  regular  polygon.  Find  the  angle  of  the  polygon  in  the 
tabic,  and  at  A set  off  an  angle  equal  thereto;  then  drawing 
CA  = AB,  through  the  points  CAB,  describe  a circle,  and  in 
this  applying  the  given  right  line,  as  often  as  you  can,  the  poly- 
gon will  be  described. 

Inscribed  Hyperbola,  that  which  lies  wholly  within  the  angles 
of  its  symptotes;  as  docs  the  common  or  conical  hyperbola. 

INSCRIPTION,  a title  or  writing  affixed  to  any  thing,  to 
give  some  farther  knowledge  of  it,  or  to  transmit  some  im- 
portant truth  to  posterity.  Antiquaries  are  very  curious  in 
examining  ancient  inscriptions  found  op  stones  and  other 
monuments  of  antiquity.  Sanchonialbon,  contemporary,  as  it 
is  said,  with  Gideon,  drew  most  of  the  memoirs  whereof  his 
history  is  composed  from  inscriptions  which  he  found  in  tem- 
ples and  un  columns,  both  among  the  Heathens  and  the 
Hebrews. 

INSECTS,  arc  not  furnished  with  red  blood,  but  instead  of 
it  their  vessels  contain  a transparent  lymph.  They  nrc  destitute  j 
of  internal  bones ; but  in  place  of  them  are  furnished  with  a 
hard  external  covering,  to  which  the  muscles  are  attached, 
which  serves  them  both  for  skin  and  bones  ; they  are  likewise 
without  a spine  formed  of  vertebra?.  They  arc  furnished  with 
articulated  legs,  six  or  more.  A very  great  number  of  insects 
undergo  a metamorphosis,  which  takes  place  in  all  winged 
insects.  They  frequently  change  their  skin  in  the  progress  of 
their  grow  th.  A very  great  number  of  insects  arc  furnished 
with  jaws  placed  transversely.  The  wings  with  which  a very 
great  number  of  insects  are  furnished,  distinguish  them  from  all 
other  animals  which  are  not  famished  with  a spine  composed  of 
vertebra.  Insects  are  generally  oviparous.  Scorpions  and 
aphides  during  the  summer  months  are  viviparous.  Incubation 
is  not  necessary  for  hatching  their  eggs.  In  many  insects,  such  as 
the  crab,  lobster,  Ac.  the  external  covering  is  very  hard,  and 
destitute  of  organization  ; it  is  composed  of  a calcareous  earth, 
mixed  with  a small  quantity  of  gelatine,  formed  by  an  exudation 
fruiu  the  surface  of  the  body.  As  its  hardacss  would  check  the 
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growth  of  the  animal,  nature  has  provided  a remedy ; all  of 
these  crustaceouH  insects  cast  their  shell  annually.  The  skin 
of  most  other  insects  is  softer  and  organised,  being  formed  of 
a number  of  (bin  membranes,  adhering  closely  to  one  another, 
putting  on  the  appearance  of  horn.  It  owes  its  greater  softness 
to  a large  portion  of  gelatine.  The  muscles  of  insects  consist 
of  fibres  formed  of  fasciculi ; there  are  commonly  but  two  mus- 
cles to  produce  motion  in  sny  oftheirlimbs,  the  one  an  extensor, 
the  other  a flexor.  These  muscles  are  commonly  attached  to  a 
tendon,  composed  of  a horny  substance  connected  to  the  part 
which  they  are  destined  to  put  in  morion.  In  most  inseats  the 
brain  is  situated  a little  above  the  (esophagus;  it  divides  into 
two  large  branches  which  surround  the  ersophagns,  and  nnite 
again  under  it,  from  which  junction  a whitish  nervous  cord 
proceeds,  corresponding  to  the  spinal  marrow  of  the  superior 
animals,  which  extends  the  whole  length  of  the  body,  forming  in 
its  course  twelve  or  thirteen  knots  or  ganglions,  from  each  of 
which  small  nerves  proceed  to  different  parts  of  tbe  body.  It 
appears  pretty  evident  that  they  possess  vision,  bearing. smell, 
ami  touch  ; as  to  the  sense  of  taste,  we  are  left  to  conjecture, 
for  we  are  acquainted  with  no  facts  by  which  wc  can  prove 
that  insects  do  not  enjoy  tbe  sense  of  taste.  The  eyes  of  insects 
are  of  two  kinds:  the  one  compound,  composed  of  lenses,  large, 
and  only  too  in  number  ; the  other  are  small,  smooth,  and  vary 
in  number  from  two  to  eight.  The  small  lenses  which  form 
the  compound  eyes  are  very  numerous  ; they  amount  in  some 
insects  to  many  hundreds.  The  far  greater  number  of  inseeta 
have  only  two  eves,  but  some  have  three,  some  four,  some  six, 
some  eight.  The  eyes  of  insects  arc  commonly  immovable. 
Their  ears  bavo  been  discovered  at  ihe  root  of  tbelr  antenna?, 
and  can  be  distinctly  seen  in  some  of  the  large  kinds,  as  the 
lobster.  The  faculty  of  smelling  is  the  most  perfect  of  all  their 
senses.  Beetles,  of  various  sorts,  the  different  species  ofder- 
racstes,  flies,  Ac.  perceive  at  a considerable  distance  tbe  smell 
of  ordure  and  dead  bodies.  Insects  feed  on  a great  variety  of 
su  bstanccs  ; there  are  few  things  either  in  the  vegetable  or  animal 
kingdoms  which  are  not  consumed  by  some  of  them.  As  many 
insects  cannot  transport  themselves  easily  in  quest  of  food,  to 
places  at  a distanee  from  one  another,  natarc  has  furnished  tho 
perfect  insects  of  many  species  with  an  instinct  which  leads 
them  to  deposit  their  eggs  in  situations  where  the  larvae  as  soon 
ns  hatched  may  find  that  kind  of  food  which  is  best  adapted  to 
heir  nature.  Some  insects,  at  different  periods  of  their  exis- 
tence, make  use  of  aliment  of  very  different  properties  ; the 
larva;  of  some  are  carnivorous,  while  the  perfect  insect  feeds 
on  the  nectareous  juice  of  flowers.  Some  authors  have  assert- 
ed that  insects  have  no  lungs;  bntlatrr  experience  and  obser- 
vation shew,  that  no  species  wants  them,  or  at  least  something 
similar  to  them  ; and  in  many  insects  they  are  larger  in  propor- 
tion to  their  bodies  than  in  other  animals.  In  most  of  them 
they  lie  at  or  near  to  tbe  surface  of  the  body,  and  send  out  lateral 
pores  or  trachea?.  Inserts  do  not  breathe  through  the  mouth 
or  nostrils  ; there  arc  a number  of  vessels  for  the  reception  of 
air,  placed  along  on  each  side  of  tbe  body,  which  are  commonly 
called  spiracuta,  which  arc  snbdividcd  into  a number  of  smaller 
vessels,  or  bronchia; ; the  vessels,  or  tracheae,  which  proceed 
from  the  pores  on  the  sides,  are  not  composed  of  a simple  mem- 
brane. but  are  tubes  formed  of  circular  rugae;  the  spiracula 
are  distinguishable,  and  are  covered  with  a small  scaly  plate, 
with  an  opening  in  the  middle  like  a button-hole,  which  is  fur- 
nished with  membranes  or  threads,  to  prevent  tho  admission  of 
extraneous  bodies. 

Insects  are  the  only  animals  without  vertebras,  in  which  the 
sexes  arc  distinguished.  All  insects  are  either  male  or  female, 
except  in  a few  of  the  genera  of  the  order  of  hymenoptera.  The 
male  is  always  smaller  than  the  female.  The  colours  of  tbe 
male  are  commonly  much  more  brilliant  than  those  of  the  female, 
in  some  insects  the  colours  of  the  male  is  totally  different  from 
that  of  the  female : the  antenna;  of  the  male  are  commonly  of  a 
different  form,  and  larger  than  those  of  tbe  female  ; frequently 
the  males  are  furnished  with  wings,  while  the  females  have  none; 
the  female  bee  is  furnished  with  a sting,  while  the  male  is  des- 
titute of  one  ; the  males  of  some  insects  are  furnished  with 
sharp  prominent  points,  resembling  horns  situated  cither  on 
the  head  or  breast,  which  are  either  not  perceptible,  or  very 
faintly  marked,  in  the  female.  The  parts  essential  to  genera- 
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lion  afford  the  beat  distinguishing  mark  ; in  moat  insects  they 
are  situated  near  the  extremity  of  the  rectum.  Entomology 
and  Larva. 

INSOLATION,  in  Pharmaey,  a method  of  preparing  certain 
fruits,  drugs,  fee.  by  exposing  them  to  the  heat  of  the  sun’s 
rays;  eithtr  to  dry,  to  maturate,  or  to  sharpen  them  ; as  is  done 
in  vinegar,  tigs.  Sec.  The  word  comes  from  the  Latin  verb  tn- 
soiarr,  which  is  used  by  Pliny  and  Columella,  and  signifies,  lo 
expose  to  the  son. 

INSOLUBILITY,  in  Chemistry.  The  insolubility  of  a sub- 
stance  in  a fluid,  which  is  the  medium  of  chemical  action,  has 
an  influence  on  that  action,  somewhat  similar  to  that  of  cohe- 
sion, and  is  nothing  but  a modification  of  it  in  relation  to  the 
fluid  in  which  it  is  exerted. 

INSOLVENT,  a term  applied  to  such  persons  as  have  not 
wherewithal  to  pay  tbcirjost  debts.  A person  dying,  and  not 
leaving  estate  sufficient  to  discharge  these,  is  said  to  die 
insolvent 

INSPIRATION,  among  divines,  &c.  implies  the  conveying 
of  certain  extraordinary  and  supernatural  notices  of  motions 
into  the  mind  : or  it  denotes  any  supernatural  influence  of  Cod 
upon  the  mind  of  a rational  creature,  whereby  he  is  formed  to 
any  degree  of  intellectual  improvement,  to  which  lie  could  not 
or  would  not,  in  fact,  have  attained  in  his  present  circumstances 
in  a natural  way.  Thus  the  prophets  arc  said  to  have  spoken 
by  divine  inspiration. 

Some  authors  reduce  the  inspiration  of  tho  sacred  writers  to 
n particular  care  of  Providence,  w hich  prevented  any  thing  they 
had  said  from  failing  or  coming  to  nought ; maintaining  that 
they  never  were  really  inspired  either  with  knowledge  or  ex- 
pression- According  to  others,  inspiration  is  no  more  than  a 
direction  of  the  Holy  Spirit,  which  never  permitted  the  sacred 
writers  to  bo  mistaken.  It  is  a common  opinion,  that  the  in. 
spiration  of  the  Holy  Spirit  regards  only  the  matter,  not  tho 
style  or  words. 

INSTALMENT,  the  establishing  a person  in  some  dignity. 
It  is  chiefly  used  for  the  induction  of  a dean,  prebendary.  Ac. 
It  is  also  used  for  the  ceremony  whereby  the  knights  of  the 
garter  aro  placed  in  their  rank,  in  the  chapel  of  St.  George, 
Windsor.  It  is  sometimes  termed  installation. 

INSTANT,  such  a part  of  duration  wherein  we  perceive  no 
succession;  or  it  is  that  which  takes  up  the  time  only  of  one 
idea  in  our  minds. 

INSTELLON,  is  used  by  some  authors  to  denote  those  parts 
of  space  which  are  beyond  the  rigions  of  the  solar  system. 

INSTINCT,  an  appellation  given  to  the  sagacity  and  natural 
inclinations  of  brutes,  which  supplies  the  place  of  reason  in 
mankind. 

INSTITUTES,  in  Literary  History,  a book  containing  the 
elements  of  the  Roman  law.  The  institutes  are  divided  into 
four  books,  and  contain  an  abridgment  of  the  whole  body  of 
the  civil  law,  being  designed  for  the  use  of  students.  See  Law. 

Institute,  in  Scots  Law,  when  by  disposition  or  deed  of 
entail  a number  of  persons  are  called  to  the  succession  of  an 
estate  one  after  another,  the  person  first  named  is  called  the 
institute,  the  others  substitutes- 

INSTITUTION,  in  general,  signifies  the  establishing  or 
founding  something.  In  the  common  taw,  it  signifies  the 
investing  a clerk  with  (be  spiritualities  of  a rectory,  be.  which 
is  done  by  the  bishop,  who  uses  the  following  formula : •*  I 

institute  you  rector  of  such  a church  with  cure  of  souls;  re- 
ceive your  cure  and  mine.” 

INSULATED,  in  Electricity,  a term  applied  to  bodies  that 
are  supported  by  electrics,  or  non-conductors,  so  that  (heir 
communication  with  the  earth  by  conducting  substances  is 
interrupted. 

INSURANCE,  Laws  or.  By  the  slat.  14  Geo.  III.  c.  48.  no 
insurance  shall  be  made  on  lives,  or  on  any  other  event  wherein 
the  party  insured  bath  no  interest;  and  in  all  policies  the  name 
of  such  interested  party  shall  be  inserted,  and  nothing  more 
shall  be  recovered  thereon  than  the  amount  of  the  interest  of 
the  insured.  This,  however,  does  not  extend  to  mariue  insu- 
rances. But  as  it  was  a common  practice  of  insuring  large 
sums  without  having  property  on  board,  and  which  were  called 
wager  policies  or  insurances,  interest  or  no  interest,  and  of 
insuring  the  same  goods  several  times  over,  it  was  enacted 
64. 


tbat  all  insurances,  interest  or  no  interest,  or  without  further 
proof  of  the  interest  than  the  policy,  or  by  way  of  gaming,  or 
without  benefit  of  salvage  to  the  insurer,  should  be  void  except 
on  privateers,  nr  on  ships  or  goods  from  the  Spanish  or  Portu- 
guese dominions;  and  that  no  re-assurance  shall  be  legal, 
unless  the  former  insurer  be  insolvent  or  dead;  and  that  in  the 
East  India  trade,  the  lending  of  money  on  bottomry,  or  ad  re- 
spondentia, shall  alone  have  a right  to  be  insured  for  the  money 
lent ; and  the  borrower  shall  recover  no  more  upon  any  insu- 
rance than  the  surplus  of  his  bottomry  or  respondentia  bond. 
No  insurance  can  be  made  on  an  illegal  voyage.  It  is  generally 
stipulated  in  policies,  that  the  insurer  shall  not  be  answerable 
for  any  partial  loss  on  certain  articles,  but  on  others  less  difficult 
to  be  preserved  at  sea,  but  liable  to  partial  injuries,  shall  bo 
liable  for  any  partial  loss  above  five  per  cent.  ; and  ns  to  all 
other  goods,  and  the  ship  and  freight,  he  shall  only  be  liable  for 
such  losses  above  three  percent.  But  he  is  liable  on  ail  losses, 
however  small,  called  general  average,  or  looses  occasioned  by 
the  ship  stranding;  but  this  loss  must  be  an  immediate,  not  a 
remote  consequence  of  the  stranding.  The  commencement  of 
the  risk  on  tho  ship  varies  in  most  cases,  and  usually  continues 
till  the  ship  has  been  24  hours  at  safe  anchor.  Upon  goods  it 
commences  when  they  are  on  board,  and  continues  till  they  are 
removed  or  landed.  The  ship  insured  must  be  tit  to  bear  tbo 
sea  and  perform  the  voyage  ; and  if  she  deviates  from  the 
usual  course,  and  stops  at  places  not  usually  stopped  at,  with- 
out a proper  cause,  the  contract  is  void. 

Insurance  upon  Life.  See  Assurance. 

INTACT/fv,  the  same  as  Asymptote. 

INTAGLIOS,  precious  stones,  on  which  are  engraved  the 
heads  of  great  men.  inscriptions,  and  the  like ; such  as  we  fre- 
quently sec  set  in  rings,  seals,  be. 

INTEGER,  in  Arithmetic,  a whole  number,  in  contradis- 
tinction to  a fraction. 

INTEGRAL,  or  Integrant,  in  Philosophy,  appellations 
given  to  parts  or  bodies,  which  are  of  a similar  nature  with  tho 
whole. 

In  reGRAL  Calculus.  See  Calculvs. 

Integral  Calculus,  is  the  reverse  of  the  differential  calcu- 
lus. and  corresponds  with  our  inverse  method  of  fluxions;  the 
finding  of  an  integral  to  a given  differential  being  the  same  as 
finding  the  fluent  of  a given  fluxion,  and  is  performed  by  tho 
same  rules. 

INTEGUMENTS,  in  Physiology,  the  common  coverings 
which  invest  the  body,  as  the  skin  with  the  fat  and  cellular 
membrane.  It  is  also  the  term  of  the  body. 

INTENDMENT,  in  Law,  is  the  intention,  design  or  true 
meaning,  of  a person  or  thing,  which  frequently  supplies  what 
is  not  fully  expressed  ; but  though  the  intent  of  parties  in 
deeds  and  contracts  is  much  regarded  by  the  law,  yet  it  cannot 
take  place  against  the  rules  of  law. 

Intendment  of  Crimes.  This,  in  case  of  treason,  where  the 
intention  is  proved  by  circumstances,  is  punishable  in  the 
same  manner  as  if  it  was  put  in  execution.  So,  if  a person 
enters  a house  in  the  night-time,  with  an  intent  to  commit 
burglary,  it  is  felony ; also,  an  assault,  with  an  intent  to  com- 
mit a robbery  on  the  highway,  is  made  felony,  and  punished 
with  transportation,  7 Geo.  II.  c.  21. 

INTENSITY,  in  Physics,  is  the  degree  or  rate  of  power  or 
energy  of  any  quality,  as  of  heat  and  cold.  The  intensity  of 
qualities,  us  gravity,  light,  heat,  bo.  vary  in  the  reciprocal 
ratio  of  the  squares  of  the  distances  from  the  centre  of  the  radi- 
ating quality. 

INTENT,  in  the  Civil  Law,  signifies  to  begin,  or  commence, 
an  action  or  process. 

INTENTION,  in  Medicine,  that  judgment  or  method  of  euro 
which  a physician  forms  to  himself  from  a due  examination  of 
symptoms. 

Intention,  in  Physics,  the  increase  of  the  power  or  energy 
of  any  quality,  as  heat,  cold,  be.  by  which  it  stands  opposed 
to  remission,  which  signifies  its  decrease  or  diminution. 

Intention,  in  Metaphysics,  denotes  an  exertion  of  the 
.ntellectual  faculties  with  more  than  ordinary  vigour:  when 
the  mind  with  earnestness  fixes  its  view  on  any  idea,  con- 
siders it  on  all  sides,  and  will  not  be  called  off  by  any  solici- 
tation, 
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INTERCALARY  Day,  denote*  the  odd  day  which  Is  inserted 
in  the  kalcndar  every  fourth  year.  Set  Bissextile. 

INTERCALARY,  an  uppcllation  given  to  the  odd  day 
inserted  in  leap-year;  which  was  so  called  from  ealo  ealare, 
“to  proclaim/'  it  being  proclaimed  by  the  priests  with  a loud 
voice.  But  the  term  may  with  equal  propriety  apply  to  the 
insertion  of  any  period  of  time,  by  aatronomors  and  legislators, 
to  make  the  entire  civil  year  correspond  with  the  passage  of 
tho  earth  in  the  zodiac,  from  solstice  to  solstice,  or  from  equi- 
nox to  equinox.  Thus,  the  Roman  year  once  consisted  but  of 
ten  months  ; afterwards  two  more  were  added  ; and  from  that 
time  to  the  prescut,  intercalations  have  been  adopted  in  the 
reformation  of  the  calendar.  In  remote  times,  when  the  Ram 
became  the  leader  of  the  zodiacal  signs,  it  was  called  Jubel ; and 
the  jubilee  was  proclaimed;  at  the  festival  of  Jupiter  Ammon, 
a ram  was  slain  and  eaten  by  the  people  of  Thebes,  and  a 
male  lamb  was  sacrificed  by  the  Hebrews,  on  Ihe  10th  of  the 
mouth  Nisan,  to  commemorate  their  deliverance  from  Egypt 
at  the  vernal  equinox,  or  when  the  sun  was  in  Aries. 

INTERCEPTED  Axis.  Set  Absciba. 

INTHRCULUMNIATION,  in  Architecture,  denotes  the 
space  between  two  columns,  which  is  always  to  be  propor- 
tioned to  the  height  and  hulk  of  the  columns, 

INTERCOMMON1NO,  in  Law,  is  when  the  commons  of 
two  manors  lie  together,  and  the  inhabitants  of  both  hare, 
time  out  of  mind,  caused  their  cattle  to  feed  promiscuously  on 
them. 

INTERDICT,  an  ecclesiastical  censure,  by  which  the  Church 
of  Romo  forbids  tbe  performance  of  divine  service  in  a king- 
dom. province,  town.  See.  This  censure  has  been  frequently 
executed  in  France,  Itnly,  and  Germany  : and  in  the  year  1170, 
Pope  Alexander  III.  put  all  England  under  an  interdict,  for- 
bidding the  clergy  to  perform  any  part  of  divine  service,  ex- 
cept baptizing  of  infants,  taking  confessions,  and  giving  absolu- 
tion to  dying  penitents.  But  this  censure  being  Jinblo  to  the 
ill  consequences  of  promoting  libertinism  and  a neglect  of  reli- 
gion, the  succeeding  popes  have  very  seldom  made  use  of  it. 

INTEREST,  is  the  allowance  made  for  the  loan  or  forbear- 
ance of  a sum  of  money,  which  is  lent  for,  or  becomes  due,  at  a 
certain  time;  this  allowance  being  generally  estimated  at 
so  much  per  cent,  per  annum,  that  is,  so  much  for  the  use  of 
jClOO  for  a year,  and  this  rale  is  by  law  fixed  not  to  exceed  £5, 
or  in  other  words,  the  greatest  rate  of  interest  must  not  exceed 
6 per  cent,  per  annum.  Interest  is  either  simple  or  compounrl. 

Simple  interest,  is  that  which  is  allowed  upon  the  principal,  ; 
only  for  the  whole  time  of  the  loan,  or  forbearance.  The 
money  lent  or  forborne  is  called  the  principal.  The  sum  paid 
for  the  use  of  it,  tho  interest.  Tho  interest  of  £100  for  one 
year,  is  called  the  rate  per  cent.  And  the  sum  of  any  principal, 
and  its  interest,  together,  the  amount. 

To  find  the  Interest  of  any  Sum  for  any  Period , end  at  any 
given  Kale  per  cent.— Say,  as'  £luO  is  to  the  rate  per  cent. ; so 
is  any  principal  to  its  interest  for  a year.  And  then,  as  one 
year  is  to  this  interest,  so  is  any  given  time  to  the  interest  for 
that  time.  Suppose  it  were  required  to  find  the  interest  of 
£511).  I3i.  4 d.  for  31  years,  at  6 per  cent,  per  annum. 


First,  100  : 6 : : £619.  13s.  4 d. 

6 


£23.98  0 8 

20 

s.  19 . 66 
12 


Again,  ) : 3|  : : 26  19  8 
2 2 7 


2 7 2 1 181  17  8 

£90  18  10 


d.  8 . 00 


That  is,  the  interest  of  the  proposed  sum  for  1 year,  is 
£26.  19s.  Hr/. ; and  for  3}  years,  it  is  £90.  18 s.  10cf.  as  required. 
Again,  to  find  the  interest  of  £260,  for  24  years  at  6 per  cent. 
Ah  £100  : £5  : : £260  : £12.  IDs. 

As  l year  ; £12.  10s.  ; : 2*  ; £31.  6r. 

The  following  tables  will  much  facilitate  the  computation  of 
simple  interest. 


TaiilB  t<j  the  Interest  of  £\.  for  any  S umber  of  Days,  at 
different  Kates  of  Interest. 


ey: 

3 per  Cam. 

Three  A • keif 
per  Oci. 

4 per  Cent. 

Feur  end  • half 
per  Cent. 

S per  Cant. 

*00008 

•00009 

•00010 

*00012 

*00013 

2 

■00016 

•00019 

*000*21 

00024 

*00027 

3 

■00024 

*00028 

-00032 

•IMXttO 

00041 

4 

*00032 

*00038 

00043 

*00049 

*00064 

6 

00041 

*00047 

*0  064 

•oouoi 

*00088 

0 

•00049 

*00057 

*00065 

00073 

110082 

7 

*00057 

*00067 

00076 

*00066 

00096 

8 

•00066 

*00070 

*00087 

•00098 

*00109 

i 9 

00073 

•00086 

00098 

*00110 

*00123 

10 

00082 

*00006 

‘00100 

•00123 

*00136 

20 

*00164 

*00191 

*00210 

*00246 

00273 

30 

■00246 

*00287 

•00328 

*00369 

*00410 

40 

*00328 

•00383 

‘00438 

00493 

*00547 

60 

-00410 

•00479 

•00647 

*00616 

1MK>84 

60 

*00493 

•00675 

*00667 

*00739 

•00821 

70 

*90576 

*00671 

•00767 

•00863 

•00968 

80 

*00667 

*00767 

00870 

•00986 

*01096 

90 

*00739 

*00808 

•00980 

*01100 

01232 

100 

•00821 

•00938 

01095 

*91232 

•01360 

200 

*01613 

*01917 

■02191 

‘02466 

*02739 

300 

*02466 

*02876 

*03287 

*03698 

04109 

This  table,  it  is  obvious,  will  furnish,  by  the  addition  of  two 
or  three  of  its  numbers,  the  interest  for  any  number  of  days, 
and  the  following  will  in  the  same  way  find  it  for  any  number 
of  years. 

Table  of  the  Interest  of  £1,  for  any  iVsmirr  of  Years  not 
exceeding  26,  at  different  Rates  of  Interest. 


ef 
V earn, 

S per  Cent- 

Three  »n4*hnlf 
per  Cent. 

4 per  Ciu. 

Four  nni)  • half 
per  Cent. 

4 per  Cent. 

1 

*03000 

*03600 

•04000 

04500 

*05000 

2 

•06000 

*07000 

*08000 

■09000 

*10000 

3 

•09O00 

*10500 

■12000 

*13500 

•16000 

4 

*12000 

*14000 

*16000 

•18000 

•20000 

6 

■ 1 ooi  to 

*17500 

-aoooo 

-22500 

•25000 

0 

*18000 

*21000 

•24000 

■27000 

*30000 

7 

*21000 

*24500 

*28000 

31600 

•36000 

8 

*24000 

*28000 

*32000 

■36000 

•40000 

9 

•27000 

•31500 

•36000 

10500 

45000 

10 

•30000 

*35000 

*40000 

•46000 

•50000 

11 

*33000 

*38500 

*44000 

•49500 

•66000 

12 

*36000 

*42000 

•48000 

•64000 

•60000 

13 

*39000 

•45500 

•52000 

*58500 

•65000 

14 

*42000 

*49000 

•56000 

•63000 

70000 

15 

•46000 

•6*2500 

*60000 

•67500 

*75000 

16 

•48000 

•66000 

‘64000 

*72000 

*80000 

17 

*61000 

•50500 

*68000 

76500 

■85000 

18 

•54000 

*63000 

*72000 

‘81000 

*90000 

19 

*67000 

*66500 

•76000 

•85500 

95000 

20 

*60000 

•70000 

*80000 

*90000 

1 *00000 

21 

*63000 

•73500 

•84000 

*94500 

l -05000 

22 

*06000 

•77000 

*88000 

*99000 

1*10000 

23 

•69000 

*80500 

*92000 

1*03500 

1*15000 

24 

•7*2000 

*84000 

•90000 

1*08000 

1*20000 

26 

*75000 

•87500 

1 00000 

1*12600 

1-25000 

To  find  the  Intel est  of  any  Sum,  for  a given  Time,  by  the  pre- 
ceding Tables.— Add  together  the  interests  for  the  several  periods 
corresponding  with  the  proposed  rate  per  cent,  and  that  sum 
multiplied  by  the  principal  will  be  the  interest  required. 

Example.  Required  tbe  interest  of  £400,  for  4 years,  123 
days,  at  41  per  cent. 
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Tabular  interest  for..  4 years  *1800000 

100  days  •OIS3387 

‘20  days  <0012338 

3 days  <0008888 


*1939313 

400 

£.77 

5725200 

20 

«.  11 

46040 

12 

d.  4 

, 92480 

4 

3 

i 60920 

Therefore  £7?.  Us.  4Jrf.  is  Ihc  interest  required. 

(\im/**viteJ  Interest,  is  that  which  arises  front  any  sum  or 
principal  in  a given  time,  by  increasing  the  principal  each 

f lay  men t by  the  amount  of  that  payment,  and  hence  obtaining 
ntcrcst  upon  both  interest  and  principal.  Hence  it  follows, 
that,  except  for  the  sake  of  brevity,  compound  interest  would 
require  no  other  rule  than  what  is  given  fur  simple  interest,  for 
it  is  only  necessary  to  find  the  interest  upon  the  given  principal ; 
then  add  this  interest  to  the  principal,  and  find  the  interest 
upon  this,  and  so  on,  through  the  whole  number  of  payments. 
But  tliis  would  be  attended  with  immense  labour,  if  tho  time 
was  at  all  considerable,  and  therefore  other  methods  of  com- 
putation become  necessary. 

Now,  in  the  fust  place,  it  is  obvious.  that  if  we  know-  the 
amount  of  £t  fot  any  period,  the  amounted'  any  other  princi- 
pal p,  will  be  equal  to  p times  the  former ; we  may  therefore 
limit  our  investigation  to  the  simple  case  of  finding  the  com- 
pound interest  and  amount  of  £1  for  any  given  number  of  years, 
at  any  given  rate  per  cent.  Let  then  r lie  the  amount  of  £1  for 
one  payment,  whether  yearly,  half  yearly,  or  quarterly.  Then, 
as  the  amount  is  always  proportional  to  the  principal,  we  shall 
have,  as  l : r : : r : r*  : : i*  : r*,  &c. 

that  is,  if  the  amount  of  £1,  for  1 payment,  he  r 
the  amount  of  £1,  for  2 payments  nr  »** 
the  amount  of  £1,  for  3 payments  rz  r* 
the  amount  of  £1,  for  i»  payments  r:  r" 
and  consequently  the  amount  (a)  of  any  principal  {»)  for  (a) 
payments  r rpr*,  which  being  for  the  convcuiency  of  calcula- 
tion put  into  the  logarithmic  form,  becomes 

log.  of  a zz  log.  p -f-  it  log.  r. 

Suppose,  for  example,  the  amount  of  £60,  for  16  years,  at 
6 per  cent,  were  required,  the  payment  being  due  yearly. 
Since  the  interest  of  £100  is  £5,  the  interest  of  £1  is  *05,  and 
the  amount  of  £1  iu  one  pay  ment  105.  Hence  by  the  above 
formula,  log.  105  =:  0 021 181) 

mult,  by  15 

0 317835 
log.  50  = 1*698970 

3*016805 

The  natural  number  to  this  logarithm  is  103  946,  or  £103. 
18*.  lOrf.  tho  amount;  from  which, if  the  principal  be  extracted, 
it  will  leave  the  compound  interest  itself.  By  this  means  the 
amount  and  compound  interest  of  any  sum,  for  any  period  and 
ate  per  cent,  may  be  readily  computed.* 

But  the  same  may  be  done  still  more  expeditiously  by  means 
of  the  following  table,  which  exhibits  the  amount  of  £1,  for 
any  number  of  years  not  exceeding  35.  Hence  the  following 
rule • 


* It  it  no  MKOEBisoa  thing  to  bear  folks  talk  of  ■ sum  of  money  doubling 
itself  in  14  years  ; yet  (he  tame  persons  seldom  know  more  of  th«  matter 
than  is  foood  in  the  ordinary  bat  impel  feel  rale  usually  fonnd  in  toch  books 
as  W*ikingb«m’»  Tnlor’s  Assistant, — a book,  by  the  way,  that  lias  obtained 
an  niMh-ssrvrd  share  of  popularity,  if  compared  with  Kieth'a  or  Joico’a 
Arithmetic. 


Table  Shewing  the  Amount  of  £l,  in  a given  Number  of  Yean,  not 
exceeding  25,  at  any  Hate  of  Compound  Interest,  from  3 to  6 
per  Cent. 


Von 

3 per  Cant. 

3 mil  t tiklf 

(Kf  Util 

4 per  Cent. 

4 and  j>  ball 
per  Cent. 

i im  Cent. 

6 per  Ct. 

1 

1*0300 

1*0350 

1*0400 

1*0450 

1*0600 

1*0000 

2 

1 *0009 

1*0712 

1 0816 

1*0020 

1*1025 

1*1236 

3 

1*0927 

1*1087 

1*1248 

1*1411 

1*1576 

1 1910 

4 

1*1256 

1*1475 

1*1698 

1*1926 

1*2155 

1-26*24 

5 

1*1592 

1*1876 

1*2166 

1 2461 

1*2702 

1*3362 

0 

l * 1 940 

1*2292 

1*2053 

1 *3022 

1 *3400 

1*4185 

7 

1*2*208 

1*2722 

1*3150 

1*3608 

1*4071 

1*5036 

8 

1 2667 

1*3168 

1*3086 

1*4*221 

1*4774 

1*5038 

9 

1*3047 

1*3628 

1*4233 

1*4860 

1 5513 

16894 

10 

1*3430 

1*4106 

1 ‘4802 

1*5529 

1*6288 

l *7908 

11 

1 -3842 

1*4509 

1 *6394 

1*6228 

1*7103 

1*8982 

12 

1*4257 

1*5110 

1*0010 

16958 

1*7066 

2-0121 

13 

1*4685 

1 *6630 

10060 

1*7721 

1*8856 

2*1320 

14 

1 6125 

1*6186 

1*7316 

1*8519 

1 9799 

2*2600 

15 

1*5679 

1*6753 

1*8000 

1*9352 

2 0789 

2*3965 

16 

1*0047 

1*7339 

1 8729 

2*0223 

21 828 

2*5403 

17 

1-6528 

1 7946 

1 9479 

2-1133 

2*2020 

2-0027 

18 

1*7024 

1*8574 

2*0258 

2-2001 

2*4068 

*2*8543 

19 

1*7535 

1*9225 

2*1068 

23078 

25*269 

6-0255 

20 

1*8061 

1*9897 

2*1011 

2*4117 

2*6532 

5-2071 

21 

1*8602 

2*0694 

2 2787 

25202 

2*7860 

5*3995 

22 

1*0161 

2*1316 

2 3099 

2 6336 

2*9252 

5 0035 

23 

1.9735 

2-2061 

2*4647 

2*7521 

3*0715 

5*8197 

24 

2<»327 

2 2833 

2 6633 

2*8760 

3*2251 

4*0489 

25 

2*0937 

2 3632 

26658 

3*0054 

33863 

4*2918 

Find  the  amount  in  the  table  for  the  given  number  of  years 
and  rate  of  interest,  and  multiply  this  amount  by  the  principal 
for  the  amount  required.  Thus  in  the  preceding  example. 
Amount  by  the  table  — 2*67893 
Principal  50 


103*94650  =5  £103.  18r.  10, t 

as  before.  - This  table  is  only  computed  for  yearly  payments, 
and  therefore  when  the  payments  arc  different  from  these,  or 
when  the  number  of  years  or  payments  exceed  25,  recourse 
must  be  had  to  the  preceding  rule. 

The  accumulation  of  money,  when  placed  at  compound 
interest,  after  a certain  number  of  years,  goes  on  exceedingly 
rapid,  and  iu  some  instances  appears  truly  astonishing.  One 
penny  put  out  at  5 per  cent,  compound  interest,  at  the  birth  of 
Christ,  would,  in  1810,  have  amounted  to  a sum  exceeding  in 
value  357  millions  of  solid  globes  of  standard  gold,  each  in 
magnitude  as  large  as  this  earth ! The  exact  number  of  globes, 
according  to  this  computation,  is  357,474,000.- -Barlow. 

INTERIOR  Angle  or  a Polygon,  that  which  is  formed 
internally  by  the  meeting  of  any  of  the  sides  of  the  figure. 

INTERJECTION,  in  Grammar,  an  indeclinable  part  of 
speech,  signifying  some  passion  or  emotion  of  the  mind. 

INTERLOCUTORY  Decree,  in  English  Law.  In  n suit  of 
equity,  if  any  matter  of  fact  be  strongly  controverted,  the  fact 
is  osuully  directed  to  be  tried  at  the  bar  of  the  court  of  King's 
Bench,  or  at  the  assizes,  upon  a feigned  issue.  If  a question 
of  mere  law  arises  in  the  course  of  a cause.it  is  the  practice  of 
the  court  of  Chancery  to  refer  it  to  the  opinion  of  the  judges  of 
the  Court  of  King's  Bench,  upon  a ease  stated  for  that  purpose. 
In  such  cases,  interlocutory  decrees  or  orders  arc  made. 

Interlocutory  Judgments,  are  such  as  are  given  in  the 
middle  of  a cause,  upon  some  plea,  proceeding  on  default, 
which  is  not  intermediate,  and  docs  not  finally  determine  or 
complete  tho  suit.  But  the  interlocutory  judgments  most 
usually  spoken  of,  are  those  incomplete  judgments,  whereby 
the  right  of  the  plaintiff  is  established,  but  the  (piantum  of 
damages  sustained  by  him  is  not  ascertained,  which  is  the 
province  of  a jury.  In  soch  a case,  a writ  of  inquiry  issues  to 
the  sheriff,  who  summons  a jury,  inquires  of  the  damages,  and 
returns  to  the  court  the  inquisition  so  taken,  whereupon  the 
plaintiff's  attorney  taxes  costs,  and  signs  final  judgment. 
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Interlocutory  Order,  that  which  decides  not  the  cause, 
hut  only  settle*  some  intervening  matter  rein  line  *°  0»®  cause. 
A*  where  an  order  is  made  in  Chancery,  for  the  plaintiff  to 
have  an  injunction  to  quit  possession  till  the  hearing  of  the 
cause;  this  order,  not  being  (Inal,  is  called  interlocutory. 

INTERLUDE,  an  entertainment  exhibited  on  the  theatre 
between  the  acts  of  a play,  to  amuse  the  spectators  while  the 
actors  take  breath  and  shift  their  dress,  or  to  give  time  for 
changing  the  scenes  and  decorations.  In  the  ancient  tragedy', 
the  chorus  sung  the  interludes,  to  shew  the  intervals  between 
the  acts.  Interludes,  among  us,  usually  cousist  of  soogs, 
dances,  feats  of  activity,  concerts  of  music,  &c.  Aristotle  and 
Horace  give  it  for  a rule,  that  the  interludes  should  consist  of 
aougs  built  on  the  principal  parts  of  the  drama;  but  since  the 
chorus  has  been  laid  aside,  dances,  buffoons,  &c.  ordinarily 
finish  the  interludes. 

INTERMEDIATES,  in  Chemistry  a term  made  use  of  when 
speaking  of  chemical  affinity.  Oil,  for  example,  has  no  affinity 
to  water  unless  it  be  previously  combined  with  an  alkali  ; it 
then  becomes  soap,  and  the  alkali  is  said  to  lie  the  intermedium 
which  causes  the  union. 

INTERNAL,  in  general,  signifies  w hatever  is  w ithin  a thing. 
Euclid  (lib.  1.  prop.  32,)  proves  that  the  sum  of  the  three  angles 
of  every  triangle  is  equal  to  two  right  angles  ; whence  he  de- 
duces several  useful  corollaries.  Ho  likewise  deduces  from 
the  same  proposition,  this  theorem,  viz.  that  the  sum  of  the 
angles  of  every  rectilinear  figure,  is  equal  to  twice  ns  many 
right  angles  as  the  figure  hath  sides,  excepting  or  subtracting 
four. 

INTERPOLATION,  in  Analysis,  is  the  method  of  finding 
any  inteiroediato  term  in  a series,  its  place  or  distance  from 
the  first  term  being  given.  This  is  commonly  effected  bj1  means 
of  the  successive  differences  of  the  given  terms,  and  is  there- 
fore sometimes  called  the  differential  method,  though  this  latter 
expression  is  more  commonly  employed  to  denote  the  method  of 
summing  up  of  scries  by  means  of  interpolation ; saving,  in  many 
cases,  immense  laborious  calculations.  Thus,  for  example,  in 
finding  the  places  of  some  of  the  planets,  whose  motion  is  not 
very  rapid,  it  will  be  sufficiently  accurate  to  find  their  places  by 
calculation  for  every  fourth  or  fifth  day,  and  tlieu,  by  means  of 
the  methods  above  described,  their  places  for  all  the  intermediate 
days  may  be  found  by  interpolating  between  the  known  terms, 
which  method  will  give  a result  much  nearer  the  truth  than  by 
proportional  parts,  because  this  supposes  a uniformity  both  in 
motion  and  time,  which  is  not  correct. 

Again,  in  computing  the  moon's  place  for  any  particular 
hour,  supposing  its  place  for  every  day  at  noon  to  be  given, 
the  method  of  interpolations  may  be  applied  with  great  suc- 
cess, the  result  having  scarcely  any  sensible  difference  from 
those  tbat  arise  from  actual  computation,  and  we  may  thus 
frequently  avoid  one  of  the  most  laborious  of  astronomical 
calculations.  By  this  means  also  the  place  of  a comet,  at  any 
particular  time,  may  be  ascertained,  from  observations  made 
on  it  prior  to.  and  subsequent  to,  that  precise  period,  as  also 
the  times  of  the  equinoxes  and  solstices,  which  arc  determined 
much  more  accurately  hy  this  means  than  can  be  done  by  pro- 
portional parts,  for  in  this  we  are  obliged  to  suppose  that  the 
sun's  declination  increases  and  decreases  proportionally  to  the 
distance  of  this  body  from  the  equinoctial  point;  which  is 
evidently  a false  hypothesis.  In  fact,  astronomy  has  derived 
more  assistance  from  this  theory  than  any  other  of  the  mathe- 
matical scienees,  although  it  has  been  applied  to  other  pur- 
poses with  very  great  success. 

INTERPOSITION,  the  situation  of  a body  between  two 
others,  so  as  to  hide  them,  or  prevent  their  action.  The  eclipse 
of  tho  sun  is  occasioned  by  an  interposition  of  the  moon  be- 
tween the  sun  and  us ; and  that  of  the  moon,  bjr  the  interpo- 
sition of  the  earth  between  the  son  and  moon.  See  Eclipse. 

INTERROGATION,  or  Point  of  Interrogation , in  Grammar, 
a character  of  this  form  (!)  serving  to  denote  a question. 

INTERROGATORIES,  in  Law,  are  particular  questions 
demanded  of  witnesses  brought  in  to  be  examined  in  a cause, 
especially  in  a court  of  Chancery.  And  these  interrogatories 
must  be  exhibited  by  the  parties  in  suit  on  each  side ; which 
are  either  direct  for  the  party  that  produces  them,  or  counter 
or  cross  interrogatories.  They  are  to  be  pertinent,  and  only 


to  the  points  necessary  ; and  either  drawo  or  perused  by  coun- 
sel. and  to  he  signed  by  them. 

INTERSECTION,  in  the  Mathematics,  signifies  the  cutting 
of  one  line  or  plane  by  another.  Thus,  we  say,  that  the  mutual 
intersection  of  two  planes  is  a right  line. 

INTERVAL,  in  Music,  the  distance  between  any  given 
sound  and  another,  strictly  speaking,  is  not  measured  by  any 
common  standard  cither  of  extension  or  duration ; but  either 
by  immediate  sensation,  or  by  computing  the  difference  between 
the  numbers  of  vibrations  produced  bv  two  or  more  sonorous 
bodies,  in  the  act  of  sounding,  during  the  same  given  time.  As 
the  vibrations  are  slower  and  fewer  during  the  same  instant, 
for  example,  the  sound  is  proportionally  lower  or  graver ; on 
the  contrary,  as  during  the  same  period  the  vibrations  increase 
in  number  and  velocity,  the  sounds  are  proportionally  higher 
or  more  acute.  An  interval  in  music,  therefore,  is  properly  tbo 
difference  between  the  number  of  vibrations  produced  by  oae 
sonorous  body  of  a certain  magnitude  and  texture,  and  of 
those  produced  by  another  of  a different  magnitude  and  tex- 
ture, in  the  same  time.  Intervals  are  divided  into  consonant 
and  dissonant.  A consonant  interval,  is  that  whose  extremes, 
or  whose  highest  and  lowest  sounds,  when  simultaneously 
heard,  coalesce  in  the  ear,  and  produce  an  agreeable  sensation, 
called  by  Lord  Kanies  a tert turn  quid.  A dissonant  interval, 
on  the  contrary,  is  that  whose  extremes,  simultaneously  beard, 
far  from  coalescing  in  the  ear,  and  producing  an  agreeable 
sensation,  arc  each  of  them  plainly  distinguished  from  the 
other,  produce  a grating  effect  upon  the  sense,  and  repel  each 
other  with  an  irreconcileablc  hostility.  In  proportion  as  the 
vibrations  of  different  sonorous  bodies,  or  of  the  same  sonorous 
body  in  different  modes,  more  or  less  frequently  coincide  dur- 
ing the  s*OM  given  time,  the  chords  are  more  or  less  consonant. 
When  these  vibrations  never  coincide  at  all  in  the  same  given 
time,  tlx  discord  is  consummate,  and  consequently  the  interval 
absolutely  dissonant.  But  for  a full  account  of  these,  tea 
Music. 

INTESTATES  : there  are  two  kinds  of  intestates,  one  that 
makes  no  will  at  all ; and  another  that  makes  a will,  and  nomi- 
nates executors,  but  they  refuse.  The  ordinary  by  special  acta 
of  parliament  is  required  to  grant  administration  of  the  effects 
of  the  deceased  to  the  widow  or  nextof  kin,  who  shall  first  pay  the 
debts  of  the  deceased,  and  then  distribute  the  surplus  among  the 
kindred  in  the  proportions  directed  by  22  and  23  Car.  II.  c.  10. 

INTKSTIN  A,  in  Natural  History,  the  first  of  the  five  orders 
of  the  class  vermes,  in  the  Linmean  system.  They  are  of  a for- 
mation the  most  simple,  being  naked  animals  without  limbs. 
Some  live  within  other  animals,  some  in  water,  and  a few  in  the 
earth. 

INTESTINES,  Yntejtinjv.,  in  Anatomy,  the  entrails  or 
bowels  ; those  hollow,  membranous,  cylindrical  parts,  extended 
from  the  right  orifice  of  the  stomach  to  the  anus,  by  which  tho 
chyle  is  conveyed  to  the  lactcals,  and  the  excrements  are 
voided.  See  Anatomy. 

INTONATION,  in  Music,  (be  action  of  sonnding  the  notes 
in  the  scale  with  the  voice,  or  any  other  given  order  of  musical 
tones.  Intonation  may  be  either  true  or  false,  cither  too  high 
or  too  low,  cither  too  sharp  or  loo  flat ; and  then  this  word 
intonation,  attended  with  an  epithet,  must  be  understood  con- 
cerning the  manner  of  performing  die  notes.  The  executing 
an  air,  to  form  the  sounds,  and  preserve  the  intervals  as  they 
are  marked  with  justness  and  accuracy,  is  no  inconsiderable 
difficulty,  and  scarcely  practicable,  but  by  the  assistance  of 
one  common  idea,  to  which,  as  to  their  ultimate  test,  these 
sounds  and  intervals  must  be  referred.  These  common  ideas 
are  those  of  the  key,  and  the  mode  in  which  the  performer  is 
engaged ; and  from  the  word  tone,  which  is  sometimes  used  in 
a sense  almost  identical  with  that  of  the  key,  the  word  into- 
nation may  perhaps  be  derived.  It  may  also  be  deduced  from 
the  word  diatonii , as  in  that  scale  it  is  most  frequently  con- 
versary ; a scale  which  appears  most  convenient  and  most 
natural  to  the  voice.  We  feel  more  difficulty  in  our  intonation 
of  such  intervals  as  are  greater  or  less  than  those  of  the 
diatonic  order ; because,  in  the  first  case,  the  glottis  and  vocal 
organs  are  modified  by  gradations  too  large  or  too  complex, 
in  the  sound. 

INTORSION,  in  Botany,  denotes  the  bending  of  any  of  the 
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parts  of  a plant  towards  one  side.  ThU  admits  of  certain  dis-  | 
tioctions.  1.  Twining  stem*  which  bend  towards  the  left,  j 
as  in  hops,  Ac.  bnt  in  convolvulus,  Ac.  to  the  right.  2. 
Twining  tendrils,  which  bend  to  the  right  and  back  again  ; of  j 
this  kind  are  the  tendrils  of  most  of  the  leguminous  plants.  3. 
Twisted  flowers ; in  the  periwinkle,  the  petals  bend  to  the  left ; 
the  poililal  in  the  viscous  campion  is  twisted  to  the  left,  as  the  [ 
seed-bud  is  in  the  screw  tree.  In  oats,  the  beard  which  termi- 
nates the  husk  is  twisted  like  a rope.  In  tho  violet,  basil.  Ac.  i 
tbe  upper  lip  of  the  corolla  looks  to  the  ground,  and  the  under 
Up  upwards. 

INTRADOS,  the  internal  curve  of  the  arch  of  a bridge.  i 

INTRENCHMENT,  iu  the  Military  art,  any  work  that  for-  j 
lilies  a post  against  an  enemy  who  attacks.  It  is  generally 
taken  for  a ditch  or  trench  with  a parapet.  Intrencbments  are 
sometimes  made  of  fascines  with  earth  thrown  over  them,  of 
gabions,  hogsheads,  or  bags  tilled  with  earth,  to  cover  the  men 
from  the  enemy’s  fire. 

INTRIGUE,  an  assemblage  of  events  or  circumstances, 
occurring  in  an  affair,  and  perplexing  the  persons  concerned  in 
it  In  this  sense,  it  is  used  to  signify  the  nodus  or  plot  of  a 
play  or  romance ; or  that  point  wherein  the  principal  charac- 
ters are  most  embarrassed  through  the  artifice  and  opposition  ; 
of  certain  persons,  or  the  unfortunate  falling  out  of  certain  t 
accidents  and  circumstances.  In  tragedy,  comedy,  or  an  epiu 
poem,  there  are  always  two  designs.  The  first  and  principal 
is  that  of  the  hero  of  the  niece : the  second  contains  the  designs 
of  all  those  who  oppose  nim.  These  opposite  causes  produce  } 
opposite  effects,  to  wit.  the  efforts  of  the  hero  for  the  execution  j 
of  his  design,  and  the  efforts  of  those  who  thwart  it.  As  those 
causes  and  designs  are  the  middle,  and  these  form  a knot  or 
difficulty  which  we  call  the  intrigue,  that  makes  the  greatest 
part  of  the  poem.  It  lasts  as  long  ns  tbe  mind  of  the  reader  or 
iienrer  is  suspended  about  the  event  of  those  opposite  efforts  : 
the  solution  or  catastrophe  commences  when  the  knot  begins  to 
unravel,  and  the  difficulties  and  doubts  begin  to  clear  up.  The 
intrigue  of  the  Iliad  is  twofold:  tho  first  comprebeucfs  three 
days’  fighting  in  Achilles’  absence,  and  consists  on  the  one 
side  in  the  resistance  of  Agamemnon  and  the  Greeks,  and  on  , 
the  other,  in  the  inexorable  temper  of  Achilles.  The  death  of  1 
Patroclus  unravels  this  intrigue,  and  makes  tbe  beginning  of  a 
second.  Achilles  resolves  to  be  revenged,  but  Hector  opposes 
his  design ; and  this  forms  the  second  intrigue,  w hich  is  the 
last  day’s  battle.  In  the  .Encid  there  are  also  two  intrigues: 
the  first  is  taken  up  in  the  voyage  and  landing  of  .Eneas  in 
Italy  ; the  second  is  his  establishment  there  : the  opposition  he 
met  with  from  Juno  in  both  these  undertakings,  forms  the  in- 
trigue. As  to  the  choice  of  the  intrigue,  and  the  manner  of  j 
unravelling  it,  it  is  certain  they  ought  both  to  spring  naturally  I 
from  the  ground  and  subject  of  the  poem,  liossu  gives  us 
three  manners  of  forming  tbe  intrigue  of  a poem : the  first  is 
that  already  mentioned  ; the  second  is  taken  from  the  fable  and 
design  of  the  poet;  in  the  third,  the  intrigue  is  so  laid,  as  that 
the  solution  follows  from  it  of  course. 

INTRINSIC,  a term  applied  to  the  real  and  genuine  values 
and  properties,  Ac.  of  any  thing,  in  opposition  to  their  extrinsic 
or  apparent  values. 

INTRODUCTION,  in  general,  signifies  any  thing  which 
tends  to  make  another  in  some  measure  known  before  wc  have 
leisure  to  examine  it  thoroughly ; and  hence  it  is  used  on  a 
great  variety  of  occasions.  Thus  we  speak  of  the  introduction 
of  one  person  to  another;  the  introduction  to  a book,  Ac. — It 
is  also  used  to  signify  the  actual  motion  of  any  body  out  of  one 
place  into  another,  when  that  motion  has  been  occasioned  by 
some  other  body. 

INTUITION,  among  Logicians,  the  act  whereby  the  mind 
perceives  the  agreement  or  disagreement  of  two  ideas,  imme- 
diately by  themselves,  without  tho  intervention  of  any  other; 
in  which  caso  the  mind  perceives  tho  truth  as  the  eye  does  the 
light,  only  by  being  directed  towards  it. 

INTUITIVE  Evidence,  is  that  which  results  from  intuition. 
Dr.  Campbell  distinguishes  different  sorts  of  intuitive  evidence  ; 
one  resulting  purely  from  intellection,  or  that  faculty  which 
others  have  called  intuition ; another  kind  arising  from  con- 
sciousness; and  a third  from  lhal  new-named  faculty  common 
sense,  which  this  ingenious  writer,  as  well  as  several  others, 
64. 


contends  to  he  a distinct  original  source  of  knowledge,  whilst 
others  refer  its  supposed  office  to  the  intuitive  power  of  the 
understanding. 

INVALID,  a person  wounded,  maimed,  or  disabled  for 
action  by  age.  At  Chelsea  and  Greenwich  are  magnificent 
hospitals,  or  rather  colleges,  built  for  the  reception  and  accom- 
modation of  invalid s,  or  soldiers  and  seamen  worn  out  in  the 
service.  We  have  also  twenty  independent  companies  of 
invalids,  dispersed  in  several  forts  and  garrisons.  At  Paris  is 
a college  of  the  same  kind,  called  let  Invalids,  which  is  accounted 
one  of  the  finest  buildings  in  that  city. 

INVECTIVE,  in  Rhetoric,  differs  from  reproof,  as  the  latter 
proceeds  from  a friend,  and  is  intended  for  the  good  of 
the  person  reproved;  whereas  invective  is  the  work  of  an 
enemy,  and  entirely  designed  to  vex  and  give  uneasiness  to 
tbe  person  against  whom  it  is  directed. 

INVENTION,  is  used  for  the  finding  of  any  thing  hidden. 
The  Romish  church  celebrates  a feast  on  the  4th  of  May,  under 
the  title  of  invention  of  the  holy  cross. 

Invention,  is  also  used  for  subiiliy  of  mind,  or  somewhat 
peculiar  to  a man’s  genius,  which  leads  him  to  a discovery  of 
things  new  ; in  which  scusc  we  say.  a man  n f invention. 

Invention,  in  Painting,  is  the  choice  which  the  painter 
makes  of  the  objects  that  arc  to  enter  the  composition  of  his 
piece.  See  Painting. 

Invention,  in  Rhetoric,  signifies  the  finding  out  and  choos- 
ing of  certain  arguments  which  the  orator  Is  to  use  for  the 
proving  or  illustrating  his  point,  musing  the  passions  or  con- 
ciliating the  minds  of  his  hearers.  Invention,  according  to 
Cicero,  is  the  principal  part  of  oratory  ; he  wrote  four  books 
De  Inveutione,  whereof  wc  have  but  two  remaining. 

Invention,  in  Law,  a catalogue  or  schedule  ordcily  made, 
of  all  the  deceased  person’s  goods  and  chattels  at  the  time  of 
his  death,  with  their  value  appraised  by  different  persons, 
which  every  executor  or  administrator  is  obliged  to  exhibit  to 
the  ordinary  at  such  lime  as  lie  shall  appoint. 

IN  VENTRE  SA  MERE,  is  where  a woman  is  with  child  at 
(lie  time  of  her  husband’s  dcallt,  which  child  if  he  had  been 
born  would  be  the  heir  to  tlic  land  of  the  husband.  A devise 
to  an  infant  in  venire  sa  were,  is  good  by  w ay  of  future  executory 
devise.  And  where  a daughter  comes  into  land  by  descent, 
the  son  born  after  shall  put  her  out.  and  have  the  land. 

INVERSE,  is  applied  to  a manner  of  working  the  rule  of 
three,  or  propmtion.  which  seems  to  go  backward,  or  contrary 
to  the  order  of  the  common  or  direct  rule.  See  Proportion. 

Inverse  Proportion,  or  Inverse  Ratio , in  Philosophy,  is  that 
in  which  more  requires  less,  or  less  requires  more.  Thus  in  the 
case  of  light  and  heat  flowing  from  a luminous  body,  the  light 
and  heat  arc  less  at  a greater  distance  ; and  greater  at  a less 
distance. 

INVERSION, or.  as  it  is  in  Euclid,  inter itmlo,  or  by  inver- 
sion, is  inverting  the  terms  of  a proportion  by  changing  tho 
antecedents  into  consequents,  and  the  consequents  into  ante- 
cedents ; thus,  it 

m:hi:e:d  \ Then  by  inversion  it  will  b« 
4:9::  12: 27  1 b:a::d:e 

9:4: : 27:  12 

Inversion,  in  Music,  is  a changed  position  either  of  a 
subject  or  of  a chord.  The  inversion  of  a subject  is  produced 
by  giving  it  a higher  or  lower  situation  among  the  several  parts 
of  a score.  The  inversion  of  a chord  is  that  changed  position 
of  its  component  parts  with  respect  to  its  fundamental  bass,  by 
which,  though  the  harmony  remains  the  same,  the  intervals  are 
varied. 

Inversion,  in  Grammar,  is  where  the  words  of  a phrase 
are  ranged  in  a manner  not  so  natural  as  they  might  be.  It 
is  a considerable  beauty  either  in  verse  or  prose  when  we  have 
it  from  an  able  hand  ; it  gives  vigour  and  variety  to  asentenoe, 
and  keeps  the  mind  in  agrrcable  suspense  and  expectation  of 
a marvellous  turn  and  conclusion. 

INVERTED,  in  Music,  is  derived  from  the  Latin  preposition 
in  and  vertere,  “ to  turn  any  thing  n contrary  way.”  It  signi- 
fies a change  in  the  order  of  the  nnics  which  form  a chord,  or 
in  the  parts  which  compose  harmony,  which  happens  by  sub- 
stituting in  the  bass,  those  sounds  which  ought  to  have  been 
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in  the  upper  part ; an  operation  not  onlj  rendered  practicable, 
but  greatly  facilitated  by  the  resemblance  which  one  note  ha* 
to  another  in  different  octaves,  whence  we  derive  the  power  of 
exchanging  one  octave  for  another  with  so  much  propriety  and 
success,  or  by  substituting  in  the  extremes  those  which  ought 
to  have  occupied  the  middle  station,  and  rice  writ.  See  Music. 

INVESTIGATION,  properly  denotes  the  searching  or  find- 
ing any  thing  out  by  the  tracks  or  prints  of  the  feet ; whence 
mathematicians,  schoolmen,  and  grammarians,  came  to  use  the 
term  in  their  respective  researches. 

INVESTING  a place,  is  when  a general,  having  an  inten- 
tion to  besiege  it,  detaches  a body  of  horse  to  possess  all  the 
avenues,  Mocking  up  the  garrison,  and  preventing  relief  from 
retting  into  the  place,  till  the  army  and  artillery  are  got  up  to 
form  the  siege- 

INVESTITURE,  in  Law,  a giving  livery  of  seisin  or  posses- 
sion. There  was  anciently  a great  variety  of  ceremonies  used 
upon  investitures,  as  at  first  they  were  made  bj  a certain  form 
of  words,  and  afterwards  by  such  things  as  had  the  greatest 
resemblance  to  the  thing  to  be  transferred  ; thus,  where  lands 
were  intended  to  pass,  a turf  was  delivered  by  the  grantcr  to 
the  grantee.  In  the  church,  it  was  customary  for  priests  to 
make  investiture  of  ecclesiastical  benefices,  by  delivering  to  live 
person  they  had  chosen  a pastoral  staff  and  a ring. 

INVISIBLE  COMBUSTION.  This  phenomenon  was  ob. 
served  by  Sir  Humphrey  Davy.  When  oxygen  and  hydrogen 
gases  were  made  to  unite  together  and  inflame,  water  was  the 
result  of  their  combustion ; hut  Sir  H.  observed  that  when  these 
gases  were  made  to  pass  through  tubes  of  iron  which  were 
healed  below  redness,  although  no  visible  combustion  appeared 
to  the  c)e,  nevertheless  the  two  gases  united,  and  water  was 
the  result.  The  same  effect  resulted  from  the  application  of  a 
low  heat  in  a variety  of  ways.  In  applying  this  principle  to 
the  improvement  of  the  safety  lamp.  Sir  H.  Davy  suspended 
some  coils  of  fine  platinum  wire  obove  the  wick  of  tho  safety 
lamp  in  the  wire  gauze  cylinder.  If  the  lamp  should  be  ex- 
tinguished by  the  quantity  of  fire  damp,  the  glow  of  the  plati- 
num will  continue  to  guide  the  miner  ; and  by  placing  the  lamp 
in  different  parts  of  the  gallery,  the  relative  brightness  of  the 
wire  shews  the  state  of  the  atmosphere  in  those  parts.  Wher- 
ever the  wire  continues  ignited,  there  is  still  sufficient  oxygen 
to  support  respiration  ; for  the  ignition  ceases  when  the  foul  air 
forms  about  two-fifths  of  the  volume  of  the  atmosphere.  It  is 
an  advantage,  that  the  platinum  wire  is  of  a very  moderate 
price,  and  that  it  is  imperishable  in  its  duration.  If  the  foul 
air  be  in  such  quantity  as  to  stop  the  ignition,  whenever  the 
lamp  is  taken  into  a purer  atmosphere,  it  again  commences  ; 
and  if  the  air  become  sufficiently  pure,  it  will  ignite  so  as  again 
to  light  the  wick  of  the  lamp,  which  the  fire  damp  had  extin- 
guished. 

INVOICE,  an  account,  in  writing,  of  the  particulars  in  mer- 
chandise. with  their  value,  custom,  charges,  Ac.  transmitted 
by  one  merchant  to  another  in  a distant  country.  One  copy 
of  every  invoice  is  to  be  inserted  in  the  invoice  book,  nod  an- 
other must  be  despatched  to  the  correspondent.  A letter  of  ad- 
vice is  generally  subjoined. 

Invoice  Jiook.  ibis  book  is  paged,  and  contains  copies  of  the 
invoices  of  goods  sent  to  sea. 

INVOLUTE  Cvm,  in  the  Higher  Geometry,  is  that 
which  is  traced  out  by  the  extremity  of  a (bread,  as  it  is  folded 
or  wrapped  about  another  figure  or  curve.  See  EvoLl'TZ. 

INVOLUTION,  in  Algebra  and  Arithmetic,  is  the  raising  a 
given  number  or  quantity  to  any  proposed  power.  In  arith- 
metical and  in  simple  algebraical  quantities,  this  consists  only 
in  multiplying  the  quantity  as  many  times  by  itarlf  as  is  neces- 
sary to  produce  the  given  power;  the  number  of  operations 
being  one  less  than  the  index  of  the  power  to  be  produced ; 

thus,  a X « “ a* 2d  power, 

a x «*  x « ~ a*  3d  power, 

a X « X « X « — 4th  power,  Ac. 

Bo  also,  a x 2 rz  4 *2d  power  of  2, 

2x2x2  " 8... 3d  power  of  2, 

2 X 2 x 2 X 2 = 1« 4th  power  of  2.  Ac. 

Aud  in  the  some  way  wc  majr  proceed  with  compound  alge- 
braical qua  itities ; but  for  binomial  ones,  it  is  best  to  make 
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use  of  the  binomial  theorem,  the  general  form  of  which  la  as 
follows,  viz. 


(a  -f  kf  = «*  + ■•*”**+ 


«*(«  — h (n—  2) 


— +,&c. 


Whence  (a  + &)*  =:  «’  + 2«ft  -f 

(o  + 6j»  = a*  + + 3 ah'  -f 

(a  + by  z=  a*  + 4 a*b  + + 4 + 5 

Ac.  Ac.  See  Binomial. 


IODIC  Acid,  may  be  obtained  in  tho  following  wav  -Let 
barytes  water  act  upon  iodine, and  an  insoluLle  iodatc  ol  barytes 
will  result.  Wash  it  and  pour  upon  it  sulphuric  arid  equal  tu 
the  barytes  present,  and  heat  tho  mixture.  The  iodic  acid 
will  quickly  abandon  its  base,  and  mix  with  the  water  . but  a 
little  of  the  sulphuric  acid  will  »Uo  he  mixed  with  it.  Add 
bar}  Us  water,  and  the  two  acids  precipitate  together.  The 
density  of  iodic  acid  is  greater  thau  that  of  sulphuric  acid. 
Expose  it  to  a heat  of  fiom  GOO  to  700  deg.  aud  it  is  melted 
and  decomposed  into  oxygen  and  iodine.  It  deliquesces  into 
air,  and  is  very  soluble  in  water.  It  destroys  vegetable  colours. 
It  forms  combinations  with  all  the  fluid  and  solid  acids  which 
it  does  not  decompose. 

IODINE,  was  discovered  in  Paris,  by  M.  de  Courtois,  a 
saltpetre  manufacturer,  who  observed  a rapid  corrosion  of  his 
metal  pots  in  preparing  different  sorts  of  sea-weeds  which  ho 
used  in  making  carbonate  of  soda.  It  is  from  sea-weeds  alone 
that  Ibis  product  of  nature  is  to  be  obtained.  It  has  not  yet 
been  decomposed.  Iodine  is  of  a grayish  black  colour  and 
metallic  lustre.  It  is  soft  and  friable  to  tho  touch.  Its  taste  is 
very  acrid.  It  is  a deadly  poison.  It  gives  a brown  stain  to 
the  skin,  which  soon  vanishes  by  evaporation.  The  sp.  gr.  of 
iodine  at  G2J  deg.  is  4.948.  It  dissolves  in  7000  parts  of  water, 
ami  the  solution  is  of  an  orange-yellow  colour.  Iodine  is  incom- 
bustible. but  with  azote  it  forms  a detonating  compound  ; and 
in  combining  with  several  bodies  it  produces  (he  phenomenon  of 
combustion.  The  oxide  of  sodium,  and  Ibe  suhearbonate  of 
soda,  are  completely  decomposed  by  iodine.—  Iodine  forms 
with  sulphnr  a compound  of  a grayish  black  colour,  radiated 
like  snlpLurct  of  antimony.  Iodine  and  phosphorus  combiuc 
with  great  rapidity  at  common  temperatures,  and  produce  heat 
without  light.  Oxygen  expels  iodine  from  both  sulphur  and 
phosphorus.  Hydrogen,  whether  dry  or  moist,  does  not  seem 
to  have  any  action  on  iodine  at  the  ordinary  temperature  ; but 
if  we  expose  a mixture  of  hydrogen  and  iodine  to  a red  beat  in 
a tube,  they  unite  together,  and  hydriodic  acid  is  produced, 
which  gives  a reddish  brown  colour  to  water.  Charcoal  has  no 
action  upon  iodine.  Several  of  the  metals,  as  zinc,  iron,  tin, 
mercury,  attack  it  readily,  even  at  a low  temperature,  provided 
they  be  in  a divided  state ; they  produce  but  little  beat,  and  but 
rarely  any  light.  Iron  is  acted  on  by  iodine  in  the  same  way 
as  zinc,  and  a brown  iodino  results.  Antimony  presents,  with 
iodine,  the  same  phenomena  as  tin ; the  iodines  of  lead,  copper, 
bismuth,  silver,  and  mercury,  arc  insoluble  in  water.  This  is 
at  least  the  case  with  the  above  mentioned  metals.  There  are 
two  iodines  of  mercury  ; the  one  yellow,  the  other  red  ; both 
are  fusible  and  volatile.  When  iodine  and  oxides  act  upon 
each  other  inronlact  with  water. its  hydrogen  unites  with  iodine 
to  form  hydriodic  acid ; while  its  ox)gen  on  the  other  hand 
produces  w ith  iodine,  iodic  acid.  Iodine  of  mercury  has  been 

Iiroposcd  for  a pigment.  Iodine  has  been  successfully  given 
eternally  Tor  the  purpose  of  reducing  the  goitre,  or  swelling 
of  the  neck, 

IONIC  Onnt:R.  Sec  Architecture. 

Ionic  Dialect . in  Grammar,  a manner  of  speaking  peculiar 
to  the  people  of  Ionia. 

IRIDIUM.  Mr.  Tennant,  on  examining  the  black  powder 
left  after  dissolving  plalina,  which,  from  its  appearance,  had 
been  supposed  to  consist  chiefly  of  plumbago,  found  it  contain- 
ed two  distinct  metals,  never  before  ooticed,  wbich  he  lias 
named  iridium,  and  osmium.  The  former  of  these  was  observ- 
ed soon  after  by  Descostils,  and  by  Vauquelin.  Lead  unites 
with  it  easily,  but  is  separated  by  cupellation,  leaving  tho  iridi- 
um on  tbe  cupel  as  n coarse  black  powder.  Copper  forms  with 
it  a very  malleable  alloy,  which  after  cupcllation,  with  the  addi- 
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tioo  of  lead,  leaves  a small  proportion  of  the  iridium,  but  much 
less  than  in  tbe  preceding  inataoce.  Silver  forma  with  it  a per- 
fectly malleable  compound,  (be  surface  of  which  is  tarnished 
merely  by  cupellatiou  ; yet  the  iridium  appears  to  be  diffused 
through  it  in  fine  powder  only.  Isold  remains  malleable,  and 
little  altered  in  colour,  though  alloyed  with  a considerable  pro- 
portion, nor  is  it  separable,  either  by  cupellation  or  quartatiou. 

IRIS,  in  Anatomy,  the  interior  coloured  part  of  the  uvea  of 
the  eye.  so  culled  because  of  its  variety  of  colours,  iris  being 
the  Latin  for  raiubow.  .Ve  Anatomy  and  Optics. 

IRIS,  the  name  of  the  rainbow,  which  see. 

Iris  Marina,  the  Sea  Rainbow.  This  elegant  appearance  is 
generally  seen  after  a violent  stonn,  in  which  the  sea  water 
has  been  much  agitated.  The  celestial  rainbow  has  great  ad- 
vantage over  the  marine  one,  in  the  brightness  and  variety  of 
the  colours,  and  in  their  distinctness  one  from  the  other;  for  in 
tbe  sea  rainbow  there  are  scarcely  any  other  colonrs  than  a dusky 
yellow  on  the  part  towards  the  sun,  and  a pale  green  on  the 
opposite  side ; the  other  colours  are  not  so  bright  or  distinct 
as  to  be  well  determined:  hut  the  sea  rainbows  are  more  fre- 
quent and  more  oumerous  than  the  others.  It  is  not  uncom- 
mon to  see  twenty  or  thirty  of  them  at  a time,  at  noon-day. 

IRON,  is  tbe  most  universally  diffused  metal  throughout 
nature.  It  is  fouud  in  animals,  in  vegetables,  and  in  almost  all 
bodies.  It  is  seldom  found  native,  but  combined  with  a great 
variety  of  substances.  It  is  particularly  distinguished  by  its 
magnetical  properties,  by  its  hardness  and  elasticity,  by  its 
ductility,  and  the  property  of  being  welded,  but  it  is  very  diffi- 
cult to  fuse.  Iron  soon  rusts  or  oxydates  when  exposed  to  the 
action  oi  water.  Iron  filings  agitated  in  water  become  oxyda- 
ted,  and  assume  the  form  of  a black  powder,  called  marital 
Ethiops.  When  iron  ore  is  fused  in  large  furnaces,  it  is  made 
to  flow  into  a kind  of  mould  formed  in  sand.  This  first  product, 
which  is  exceedingly  brittle,  and  not  at  all  malleable,  is  called 
cast  iron,  of  which  arc  formed  stoves,  pipes,  cannon,  and  other 
articles.  Cast,  or  crude  iron,  contains  carbon  and  oxygen. 
The  presence  of  tbe  former  appears  from  its  coating  the  utensils 
employed  in  its  fusion  with  plumbage  or  black  lead,  which 
contains  nine-tenths  of  carbon  and  one  of  iron. 

Crude  iron  is  in  three  states,  white,  gray,  or  black,  according 
as  it  contains  a larger  proportion  of  carbon,  an  exact  propor- 
tion of  carhon  and  oxygen,  or  a larger  proportion  of  oxygen. 
To  render  tbe  iron  malleable,  it  must  be  freed  from  the  carbon 
and  oxygen  which  it  coulaius ; by  being  fused  and  kept  in  that 
state  for  some  time,  stirring  and  kneadiog  it  all  tbe  while; 
by  this  the  carbon  and  oxygen  unite,  and  are  expelled 
in  the  form  of  carbonic  arid  gas.  It  is  then  subjected  to 
the  action  of  large  hammers,  or  to  the  pressure  of  rollers,  by 
which  the  remaining  oxyd  of  irou  and  other  impurities  are 
forced  out.  The  iron  is  now  no  longer  crystallised  or  granular 
in  its  texture ; it  is  fibrous,  and  ductile,  and  is  in  a purer  stale, 
though  far  from  being  absolutely  pure.  It  is  capable  of  being 
welded  and  worked  by  hammers  into  any  form.  It  is  now  called 
forged  or  wrought  iron. 

There  are  several  varieties  of  iron  in  this  stale,  arising  from 
the  intermixture  of  other  substances.  There  is  one  kind  of 
forged  iron,  which  when  cold  is  ductile,  hut  w hen  heated  is  ex- 
tremely brittle ; it  is  also  fusible.  This  is  termed  hot  short 
iron.  Cold  short  iron  possesses  precisely  the  opposite  proper- 
ties, being  highly  ductile  while  hot.  but  "when  cold  extremely 
brittle.  Tbe  causes  of  these  peculiarities  have  not  been  per- 
fectly explained.  Iron  is  capable  of  being  reduced  to  a third 
state,  which  is  that  of  steel,  it  is  converted  into  steel  by  expot- 
ing  it  to  heat  in  contact  with  carbonaceous  substances,  which 
unite  themselves  with  it.  Thus  we  have  three  states  in  which 
Iron  may  exist,  viz.  cast  iron,  forged  iron,  and  steel. 

Cast  iron  contains  too  great  a quantity  of  carbonaceous  sub- 
stance ; it  may  be  called  steel  too  much  steclified  ; it  is  there- 
fore exceedingly  brittle,  and  not  at  all  malleable.  Forged  iron 
is  iron  purified  from  all  foreign  subslauces.  And  in  regard  to 
its  property  of  being  welded,  wc  may  judge  from  the  following 
account  I am  about  to  relate ; for  were  it  not  for  the  property 
Which  iron  has  of  being  welded,  that  is,  united  in  various  parts 
without  the  assistance  of  rivets  or  solder,  this  very  plentiful 
metal  would  be  useless  for  many  purposes  ; hut  as  it  is,  what 
may  not  be  accomplished  by  itl  The  most  stupendous  metallic 


fabric  ever  executed  by  man,  is  the  Chinese  “ bridge  of  chains,** 
hung  over  an  awful  precipice  near  Ringtung,  to  connect  two 
mountains.  In  this  bridge  there  are  twenty-one  chains,  stretch- 
ed over  the  valley  or  abyss  ; these  are  hound  together  by  other 
chains  which  cross  them.  The  whole  forms  a perfect  and  safe 
road,  extending  from  the  summit  of  one  mouotain  to  that  of  tbe 
other.  A bridge,  upon  a similar  principle,  and  of  the  same 
material,  is  now  in  the  act  of  being  erected  over  the  Mt-nai 
Strait,  (to  connect  Wales  with  tbe  Isle  of  Anglesea,)  by  Mr. 
Telford,  the  engineer. 

Steel  is  formed  by  bedding  in  charcoal,  in  a ctose  furnace, 
alternate  layers  of  malleable  iron  and  charcoal,  and  exposing 
them  to  a strong  fire  for  six  or  eight  days.  This  process  is  called 
cementation.  During  this  operation,  the  iron  combines  with  a 
quantity  of  carbon,  and  is  converted  into  blistered  steel.  This 
is  either  rendered  more  perfect  and  malleable,  by  subjecting  it 
to  tbe  operation  of  the  hammer,  or  it  is  fused,  and  cast  into 
small  bars,  forming  cast-steel. 

Steel  bolds  a middle  rank  between  cast  and  forged,  or  mal- 
leable iron.  It  is  composed  of  very  small  grains  : and  when 
hot,  possesses  a considerable  degree  of  malleability.  It  is 
specifically  heavier  than  forged  iron.  It  is  denser  than  forged 
iron,  bat  is  not  harder.  To  communicate  to  it  the  neces- 
sary hardness,  it  must  be  tempered  5 that  is  to  say,  after 
being  exposed  to  a greater  or  less  degree  of  heat,  according 
to  the  required  degree  of  hardness,  it  mast  be  suddenly 
cooled  by  immersion  in  cold  water.  Tempering  renders  it 
harder,  more  elastic,  and  more  brittle.  It  may  be  made  so 
hard  as  to  scratch  glass.  Steel  thua  hardened,  may  have  its 
softness  and  ductility  restored,  by  again  beating,  and  suffering 
it  to  cool  slowly. 

A polished  bit  of  steel,  when  heated  with  access  of  air,  ac- 
quires very  beautiful  colours.  It  first  becomes  of  a pale  yel- 
low, then  of  a deeper  yellow,  next  reddish,  then  deep  blue,  and 
at  last  bright  blue.  At  this  period  it  becomes  red-hot,  and  the 
colours  disappear ; at  the  same  time  that  the  metallic  scales,  or 
tbe  black  imperfect  oxyd  of  iron  which  is  formed,  incrusts  its 
surface.  All  these  different  shades  of  colour  indicate  the  dif- 
ferent tempers  the  steel  has  acquired  by  the  increaso  of  heat. 
Artists  have  availed  themselves  of  this  property,  to  give  to  sur- 
gical and  other  sharp  instruments  those  degrees  of  temper 
which  their  various  uses  require.  Tempered  steel  is  more 
elastic,  and  harder,  than  iron.  Its  use  is  too  well  known  to  re- 
quire elucidation. 

Wootz.  a metal  brought  from  the  East  Indies,  was  examined 
by  Dr.  Pearson,  who  discovered  that  it  was  iron  united  to 
carbon,  and  also  to  oxygen. 

Thesulphate  of  iron  is  common  copperas  in  an  impure  state. 

IRRATIONAL,  an  appellation  giren  to  sard  numbers  and 
quantities.  Sat  Algebra. 

IRREGULAR,  in  Grammar,  such  inflections  of  words  as 
vary  from  the  general  rules. 

IRRITABILITY,  in  Physiology,  is  the  property  peculiar  to 
the  muscles,  by  which  they  contract  upon  the  application  of 
certain  stimuli,  without  consciousness  of  action.  The  laws  of 
irritability  are,  1.  After  every  action  in  an  irritable  part,  a state 
of  rest,  or  cessation  from  motion,  must  take  place  before  the 
irritable  part  be  again  incited  to  action.  2.  Each  irritable  pert 
has  a certain  portion  or  quantity  of  the  principle  of  irritability 
which  is  natural  to  it,  part  of  which  it  loses  during  action,  or 
from  the  application  of  stimuli.  3.  It  regains  this  lost  quantity 
during  its  repose  or  state  of  rest.  4.  Each  irritable  part  has 
stimuli  which  ate  peculiar  to  it;  and  which  are  intended  tu 
i support  its  uatural  action : thus  blood,  which  is  the  stimulus 
; proper  to  tbe  heart  and  arteries,  if  by  any  accident  it  gets  into 
the  stomach,  produces  sickness  or  vomiting.  6.  Each  irritable 
part  differs  from  the  rest  in  regard  to  the  quantity  of  irritabi- 
lity which  it  possesses.  6.  All  stimuli  produce  action  in  pro- 
portion to  their  irritating  powers.  7.  The  action  of  every  sti- 
mulus is  an  inverse  ratio  to  the  frequency  of  its  application. 
8.  The  more  the  irritability  of  a part  is  accumulated, 
the  more  that  part  is  disposed  to  be  acted  upon.  9.  If  the 
stimuli  which  keep  up  the  action  of  any  Irritable  body  be  with- 
drawn for  too  great  a length  of  time,  that  process  on  which  the 
formation  of  the  principle  depends  is  gradually  diminished, 
1 and  at  last  entirely  dostroyed. 
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IS  \TIS  Tinctoria,  the  plant  called  woad,  used  in  dyeing. 

ISINGLASS.  This  substance  is  almost  wholly  gelatine; 
100  giai ns  of  good  dry  isinglass  containing  rather  more  than 
98  of  matter  soluble  in  water.  Isinglass  is  made  from  certain 
tish  found  in  the  Danube,  and  the  rivers  of  Muscovy.  Wil- 
loughby and  others  inform  ns  that  it  is  made  of  the  sound  of 
the  Beluga  ; and  Neumann,  that  it  is  made  of  tho  Huso  Germa- 
norum,  and  other  fish,  which  he  has  frequently  seen  sold  in  tho 
public  markets  of  Vienna.  Mr.  Jackson  remarks,  that  the 
sounds  of  cod,  properly  prepared,  afford  this  substance  ; and 
that  the  lakes  of  America  abound  with  fish  from  which  the  very 
finest  sort  may  be  obtained.  Isinglass  receives  its  different 
shapes  in  the  following  manner.  Tiio  parts  of  which  it  is  com- 
posed, particularly  the  sounds, are  taken  from  the  fish  w hile  sweet 
and  fresh,  slit  open,  washed  from  their  slimy  sordcs,  divested 
of  a very  thin  membrane  which  envelopes  the  sound,  and  then 
exposed  to  stiffen  a little  in  the  air.  In  this  state,  they  arc 
formed  into  rolls  about  the  thickness  of  a finger,  and  in  length 
according  to  the  intended  six'*  of  the  staple  ; a thin  membrane 
Is  generally  selected  for  the  centre  of  the  roll,  round  which  the 
rest  are  folded  alternately,  and  about  half  an  inch  of  each  ex- 
tremity of  the  roll  is  turned  inwards.  Isinglass  is  best  made 
in  the  summer,  as  frost  gives  it  a disagreeable  colour,  deprives 
it  of  its  weight,  and  impairs  its  gelatinous  principles.  Isinglass 
boiled  in  milk  forms  a mild  nutritious  jelly,  and  is  thus  some- 
times employed  medicinally.  This,  when  devoured  by  the  art 
of  the  cook,  is  the  blancmange  of  our  tables.  A solution  of 
isinglass  in  w ater,  w ith  a very  small  proportion  of  some  balsam, 
spread  on  black  silk,  is  the  court  plaster  of  the  shops. 

ISIS,  Cor  vl,  in  Natural  History,  a genus  of  the  vermes  atoo- 
phyt*  class  and  order.  See  Corallines. 

ISLAND,  or  Isle,  is  a quantity  of  land  entirely  surrounded 
with  water.  Some  conclude  that  islands  arc  as  ancient  as  the 
world,  and  it  is  by  no  means  probable  that  the  large  islands 
far  interior  from  the  continent  are  new,  and  that  they  either 
arose  out  of  the  sea,  or  were  torn  from  the  main  land.  Nor  is 
It  less  certain  that  there  have  been  new  islands  formed  by  the 
casting  up  of  vast  heaps  of  clay,  mud,  sand,  &r.  as  that,  for 
instance,  of  Tsongining  in  tho  province  of  Nanquin  in  China ; 
nr  by  the  violence  of  the  sea,  w hich  has  torn  off  large  promon- 
tories from  the  continent,  as  the  ancients  imagined  Sicily,  and 
even  Great  Britain,  to  have  formed.  It  is  also  certain  (hat 
some  have  emerged  above  the  waves,  as  Santorini  formerly, 
and  three  other  isles  near  it  lately  ; the  last  in  1707,  which 
rose  from  the  bottom  of  the  sea,  after  an  earthquake  that  was 
supposed  to  have  loosened  it  from  its  hold.  Several  naturalists 
are  of  opinion  that  islands  were  formed  at  the  delugo  : others 
think  they  have  been  rent  and  separated  from  the  continent  by 
violent  storms,  inundations,  and  earthquakes.  These  Inst  have 
observed  that  the  East  Indies,  which  abound  in  Mauds  more 
than  any  other  part  of  the  world,  arc  likewise  more  annoyed 
with  earthquakes,  tempests,  lightnings,  volcanoes,  &c.  than 
any  other  part.  Vareniua  thinks  most  of  their  opinions  true  in 
some  instances,  and  believes  that  there  have  been  islands  pro- 
duced each  of  these  ways.  St.  Helena,  Ascension,  and  other 
strep  rocky  islands,  ho  supposes  to  have  become  so,  by  tho 
sens  overflowing  their  neighbouring  champaigns.  By  the  heap- 
ing up  huge  quantities  of  sand  and  other  terrestrial  matters,  he 
thinks  the  islands  of  Zealand,  Japan,  Ac.  were  formed.  Sumatra 
and  Ceylon,  and  most  of  the  East  Indian  islands,  lie  rather 
thinks  were  rent  off  from  the  main  land  ; and  concludes,  that 
the  islands  of  tho  Archipelago  were  formed  in  the  same  way  ; 
imagining  it  prohable  that  Deucalion’s  flood  might  have  con- 
tributed towards  it  The  ancienta  had  a notion  that  Delos  and 
some  other  islands  rose  from  the  bottom  of  the  sea,  which,  how 
fabulous  soever  it  might  appear,  agrees  very  well  with  some 
later  observations.  Seneca  takes  notico  that  the  island  Tbn- 
asia  rose  out  of  the  .Aegean  sea  in  his  time,  of  which  the  mariners 
were  eyewitnesses.  Seneca  mentions  several  floating  islands 
in  Italy ; and  later  writers  have  described  not  a few  of  them 
in  other  places;  but  how  true  soever  the  histories  of  these 
might  have  heen  at  the  time  they  were  written,  there  remain 
very  few  proofs  of  their  truth  at  present,  these  islands  having 
either  disappeared  again,  or  been  fixed  to  the  sides,  in  some 
places,  so  as  to  have  made  a part  of  the  sho 

Island  or  Ice,  a name  given  to  a great  quantity  of  ice  col- 


lected into  one  solid  mass,  and  floating  npon  the  seas,  near,  or 
within  the  polar  circles.  Many  of  these  fluctuating  islands  are 
met  with  on  the  coasts  of  Spitsbergen,  to  the  great  danger  of 
the  shipping  employed  in  the  Grccolaud  fishery. 

Island  or  Iceland  Crystal,  a body  famous  for  its  property  of 
a double  refraction  ; but  improperly  called  by  that  name,  as  it 
has  none  of  the  distinguishing  characters  of  crystal,  being  of  a 
genus  of  spars.  It  is  always  found  in  forms  of  an  oblique 
parallelopiped,  with  six  sides,  and  of  various  sixes,  from  a quar- 
ter of  an  inch  to  three  inches  or  more  in  diameter.  It  is  pellu- 
cid, and  not  much  less  bright  than  the  purest  crystal,  and  it* 
planes  arc  all  tolerably  smoutb.  All  the  surfaces  are  placed  iu 
the  same  manner,  and  it  will  split  off  into  thin  plates,  either 
horizontally  or  perpendicularly.  Sec  Oktics  and  Kerrac* 
tion.  It  is  very  soft,  and  easily  scratched  w ith  the  point  of  a 
pin ; it  will  not  give  fire  on  being  struck  against  steel ; fer- 
ments, and  is  perfectly  dissolved  in  aquafortis.  It  is  found  in 
Iceland,  from  whence  it  bat  its  name,  and  in  France,  Germany, 
and  many  other  places. 

ISOSCELES  Tiuangli:,  (a  word  of  Greek  derivation,)  is  a 
triangle  of  two  equal  legs  or  sides; 
h such  is  the  triangle  ABC.  The 

/f'v  angles  at  the  base  of  an  isosceles 

triangle  are  equal,  and  if  the  sides  he 
produced,  the  angles  under  the  base 
are  also  equal.  If  the  line  B D bo 
drawn  perpendicular  to  the  base,  it 
will  bisect  the  base  and  the  vertical 
angle  ; or  if  it  be  drawn  to  bisect  the 
base,  it  will  be  perpendicular  to  it. 
This  theory  is  of  very  extensive  use,  not  only  in  pure  analysis 
and  geometry,  but  in  various  other  subjects  of  mathematical 
inquiry  and  computation,  and  particularly  in  astronomy. 

ISOCHRONAL,  Isochrone,  Isochrones,  is  applied  to  such 
vibrations  of  a pendulum  as  are  performed  in  the  same  space  of 
time. 

Isochronal  I.tne,  that  in  which  a heavy  body  is  supposed  to 
descend  without  any  acceleration. 

ISSUE,  in  Common  Law,  has  various  applications,  being 
sometimes  taken  for  the  children  begotten  between  a man  and 
his  wife;  sometimes  for  profits  growing  from  amercements  or 
fines  ; sometimes  for  profits  of  lands  and  tenements  ; but  more 
frequently  for  the  point  of  matter  depending  in  suit,  whereupon 
the  parties  join,  and  put  their  cause  to  the  trial  of  tho  jury.  In 
all  the  occasions,  issue  has  hat  one  signification,  which  is,  an 
effect  of  a cause  preceding:  as  the  children  are  the  effect  of  tho 
marriage  between  the  parents  ; the  profits  growing  to  the  king 
or  lord,  from  the  punishment  of  any  man’s  offence,  are  the 
effect  of  his  transgression;  the  point  referred  to  the  trial  of 
twelve  men,  is  the  effect  of  pleading,  or  process.  See  Plea 
and  Issue. 

ISSUES,  in  Surgery,  are  little  ulcers  made  designedly  by 
the  surgeon,  in  various  parts  of  the  body,  and  kept  open  by  llie 
patient,  for  the  preservation  or  recovery  of  his  health. 

ISTHMUS,  a narrow  neck,  or  slip  of  ground,  which  joins 
two  continents,  or  joins  a peninsula  to  the  terra  firm  a,  and 
separates  two  seas.  See  Peninsula.  The  most  celebrated 
isthmuses  are  those  of  Panama  or  Darien,  which  joins  North 
and  South  America;  that  of  Sues,  which  connects  Asia  and 
Africa;  that  of  Corinth,  or  Peloponnesus,  in  the  Morca;  that 
of  Critn  Tnrtnry.  otherwise  called  Taurica  Chcrsoncsus;  that 
of  the  Peninsula  Romania  and  Erisso,  or  the  isthmus  of  tho 
Thracian  Chcrsoncsus,  twelve  furlongs  broad,  being  that  which 
Xerxes  undertook  to  cut  through.  The  ancients  had  several 
designs  of  cutting  the  isthmus  of  Corinth,  whieh  is  a rocky 
hillock,  about  ten  miles  over;  but  they  were  all  in  vain,  the 
invention  of  sluices  being  not  then  known.  There  have  been 
attempts  loo  for  cutting  the  isthmus  of  Suez,  to  make  a com- 
munication between  the  Red  Sea  and  the  Mediterranean,  hut 
these  also  failed:  and.  in  one  of  them,  a king  of  Egypt  is  said 


to  have  lost  120.000  men. 


ITCH,  a cutaneous  disease,  supposed  to  be  caused  by  an 
inscet,  a species  of  the  genus  acarus,  or  spider  of  the  human 
flesh,  which,  when  viewed  by  a good  microscope,  is  white,  with 
reddish  legs,  the  four  hind  ones  having  a long  bristle.  It  is 
found  in  the  small  pellucid  vesicles  in  the  hands  and  joints. 
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Tt  appears  to  hr  not  onlv  the  cause  of  the  disorder,  but  the 
reason  « liy  it  in  so  nulilt  infectious. 

IVORY,  in  Natural  History,  ike.  a hard,  solid,  and  firm  sub- 
stance, of  a white  colour,  aud  capable  of  a very  pood  polish. 
It  is  the  tusk  of  the  elephant;  and  is  hollow  from  the  base  to 
a certain  height.  the  cavity  being  filled  up  with  a compact 
medullary  substance,  seeming  to  have  a great  uumber  of  glands 
in  it.  It  is  observed  that  Hie  Crylon  ivory,  and  that  of  the 
island  of  Arheen,  do  not  become  yellow  in  the  wearing,  as  all 
other  ivory  does ; for  this  reason  the  teeth  of  these  places  bear 
a larger  price  than  those  of  the  coast  of  Guinea.  As  an  article 
of  domestic  use,  the  shavings  of  ivory,  which  may  be  procured 
of  any  ivory  turner,  when  boiled  in  water,  form  a strong  and 
excellent  jelly,  espial  in  every  respect  to  hartshorn  jelly  ; and, 
at  times,  of  great  service  to  the  sink,  particularly  as  the  restor- 
ative virtues  of  ivory  jelly  are  very  great,  and  its  flavour  agree- 


able. Should  the  sending  to  a turner  be  inconvenient  or  Im- 
practicable, any  piece  of  ivory  that  may  be  at  hand  will  answer 
'.be  purposo  by  scraping  it  with  a knife.  In  ihc  manufacture  of 
ivory  and  bone  ornaments,  and  articles  of  domestic  use.  both 
these  substances  are  softened  by  submitting  them  to  the  action 
of  aquafortis  for  twelve  hours,  and  subsequently  to  the  juice  of 
berries,  we  should  say  that  of  white  currants,  if  the  colour  is  to 
be  preserved.  This  operation  softens  both  ivory  and  bone  to 
so  pliant  a degree,  that  they  take  any  shape  you  may  be  riia- 
i posed  to  give  them  in  a die.  They  are  again  hardened  by 
placing  the  articles  in  strong  vinegar  for  four  or  five  hours. 
When  ivory  is  discoloured,  it  may  be  bleached  or  whitened  by 
! immersing  it  an  hour  iu  a solution  of  alum  boiled  in  fair  water. 
I Then  rub  the  ivory  with  a cloth,  to  prevent  it  drying  too 
quickly,  which  sometimes  makes  it  crack,  and  thus  spoils  a 
1 curious  or  valuable  article. 
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J v is  the  jod  consonant,  which  because  of  ils  different  pro- 
nunciation, has  likewise  a dillrrnit  form,  thos  J.j.  In  Eng- 
lish it  lias  the  soft  sound  of  g,  nor  is  it  used  but  when  g soft  is 
required  before  vowels,  where  g is  usually  hard;  thus  we  say 
jacks  jet,  join,  &c.  instead  of  gatk,  grt,  goiu,  Ac.  which  would  be 
contrary  to  the  genius  of  the  English  language. 

JABAKOSA,  in  Botany,  a name  taken  from  the  Arabic 
appellation  of  the  mandrake  Jaborosa,  arul  given  to  a particular 
plant  which  agrees  with  it  in  habit,  and  almost  in  genus. 

JACK,  a sort  of  flag,  or  colours,  displayed  from  a stafTcrccted 
on  the  outer  end  of  a ship's  bowsprit.  In  the  British  navy,  the 

tick  is  a small  anion  flag,  but  in  merchant  ships  the  union  is 
ordered  with  red. 

Jack  ia  the  Box.  a large  wooden  male  screw,  turning  in  a 
female  one.  which  forms  the  upper  part  of  a strong  wooden 
box,  shaped  like  the  frustum  of  a pyramid.  It  is  used  by  means 
of  levers  passing  through  holes  in  it,  as  a press  in  packing,  and 
for  other  purposes. 

Jack,  in  Mechanics,  a well-known  instrument  of  common  use 
for  raising  great  weights,  being  a powerful  combination  of  teeth 
and  pinions,  and  the  whole  enclosed  ill  a strong  wooden  stock 
or  frame  BC,  and  moved  by  a winch  or  handle  HP;  the  out- 
side appearing  as  in  fig.  1,  In  fig.  2,  Iho  wheel  or  rack  work  is 
shewn,  being  the  p.  I 


view  of  the  inside 
when  the  stock  is 
removed.  Though 
it  is  not  drawn  in  the 
just  proportions  and 
dimensions,  for  the 
rack  A B must  be 
supposed  at  least 
four  times  as  long  in 
proportion  to  the 
wheel  Q,  as  the  fi- 
gure represents  it; 
and  the  teeth,  which 
will  be  then  four 
times  more  in  num- 
ber, to  have  about 
3 in  the  inch.  Now 
f the  handle  II  P bo 
7 inches  long,  the 
circamfcienccoflhia 
radius  will  bo  44 
inches,  which  is  the 
distance  or  apaco 
the  power  more# 
54. 


Fig.  2. 


through  in  one  revolution  of  the  handle  ; but  as  the  pinion  of 
the  handle  lias  but  four  leaves,  aud  the  wheel  Q suppose  20 
teeth,  or  five  times  the  number,  therefore,  to  make  one  revolu- 
tion of  Ihc  wheel  Q,  it  requires  5 turns  of  Cite  handle,  when  it 
passes  through  6 X 44  or  220  inches;  but  the  wheel  having  a 
pinion  R,  of  3 leaves,  these  raise  the  rack  3 teeth  or  1 inch  in 
the  same  space.  Consequently  the  handle  moving  220  times 
faster  than  the  weight,  raises  220  times  its  own  energy.  A man 
therefore  who  exerts  a force  of  601b,  will  by  this  jack  raise  6 
tons,  or  220  x 501b  rz  1 1000  lb  weight.  The  improved  jack  bas 
a pall  or  clock  and  ratchet,  which  prevents  the  machine  from 
running  back,  if  by  any  accident  the  weight  should  overbalance 
the  power  exerted.  Jacks  are  sometimes  open  behind  from 
the  bottom  almost  op  to  the  wheel  (J,  to  allow  the  lower  claw, 
which  in  that  case  is  turned  up  at  B,  to  draw  up  the  weight. 
This  is  then  kept  from  going  back  by  hanging  (he  eud  of  the 
hook  S,  fixed  to  a staple,  over  the  curved  pail  of  the  handle 
at  U. 

Jack  is  also  the  name  of  a well-know  n engine  in  the  kitchen, 
used  for  turning  a spit.  Here  the  weight  is  the  power  applied, 
acting  by  a set  of  pulleys  ; the  friction  of  the  parts,  and  the 
weight  with  which  the  spit  is  charged,  are  the  forces  to  he  over- 
come ; aud  a steady  uniform  motion  is  maintained  by  means  of 
a fly. 

The  common  worm-jack  is  represented  as  follows A E C is 
tho  barrel  rouud  which  the  cord  Q R is  around.  K L the  main 


wheel,  commonly  containing  00  teeth.  N the  worm  wheel  of 
about  31)  teeth,  cut  obliquely.  I is  the  pinion,  of  about  16.  O 
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tbe  worm  or  endless  screw,  consisting  of  two  spiral  threads, 
making  an  angle  of  (Ml  or  TO  degress  with  its  axis-  X the  stud, 
and  Z the  loop  of  the  worm  spindle.  F a heavy  wheel,  or  fly, 
connected  with  the  spindle  of  the  endless  screw,  to  make  the 
motion  uniform.  L>  G the  struck  wheel  fixed  to  the  axis  F D. 
8,  S,  8,  are  holes  iu  the  frame,  by  which  it  may  be  nailed  to  a 
board,  and  thence  to  any  wall,  the  end  D being  permitted  to 
pass  through  it.  H I the  handle  going  upon  the  axis  ET,  to 
wind  up  the  weight  when  it  has  run  down.  R is  a box  of  fixed 
pulleys,  and  V a corresponding  one  of  moveable  pulleys  carry- 
ing the  weight  The  axis  ET  is  fixed  in  the  barrel  AC,  which 
axis  being  hollow,  both  it  and  the  barrel  torn  round  upon  the 
axis  F D,  which  is  fixed  to  the  wheel  K L,  when  it  turns  in  the 
Older  BTA;  but  cannot  turn  the  contrary  way,  by  reason  of  a 
catch  nailed  to  the  end  A B,  which  lays  bold  of  the  cross-bars 
in  the  wheel  L K. 

The  w eight,  by  means  of  a cord  QR,  in  consequence  of  its 
descent,  carries  about  the  barrel  A B,  which  by  the  action  of 
the  catch  carries  tbe  wheel  K L,  and  this  moves  the  pinion  LM 
and  wheel  N,  the  latter  moving  the  worm  O,  and  the  fly  P. 
Also  the  wheel  LM  carries  the  axis  F D with  tbe  wheel  f>  G, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  head  of  the  spit.  But  when  the  handle  H gives 
motion  to  the  axis  in  a contrary  direction  to  that  given  by  the 
weight,  the  catch  is  depressed ; so  that  although  the  barrel  U C 
moves  and  winds  tbe  cord  upon  it,  the  wheel  DO  continues  at 
rest.  The  time  which  the  jack  will  continue  in  motion  de- 
pends upon  the  number  of  pulleys  at  R and  V : and  as  these 
increase  or  decrease,  so  must  the  weight  which  communicates 
the  motion,  in  order  to  perform  the  same  work  in  the  same  lime. 

■SWA*  Jack,  is  an  engine  used  for  the  same  purpose  as  the 
common  jack  ; and  is 
so  called  from  its 
being  moved  by 
means  of  the  smoke 
or  rarefied  air,  as- 
cending the  chimney, 
and  striking  against 
the  sails  of  the  hori- 
zontal wheel  A B. 
which  being  inclined 
to  the  horizon,  is 
moved  about  the  axis 
of  the  wheel  together 
with  the  pinion  C, 
which  carries  the 
wheels  D and  B;  and 
E carries  tbe  chain  F.  - 
which  turns  the  spit- 

Tbe  wheel  A B should  ... 

be  placed  in  the  nar- 
row  part  of  the  chira- 
ney,  where  the  mo- 
lion  of  tbe  smoke  is 
swiftest,  and  where 
the  largest  volume  of 
it  must  evolve  about  tbe  sails.  Smoke  jacks  are  sometimes 
moved  by  spiral  flyers,  coiling  about  a vertical  wheel,  and  at 
other  times  by  a vertical  wheel  with  sails,  like  the  float  boards 
of  a mill. 

JACTITATION  or  Marriage,  in  Law,  is  when  one  of  the 
party  boasts,  or  gives  out,  that  he  or  she  is  married  to  the 
other,  whereby  a common  reputation  of  their  matrimony  may 
ensne.  On  this  ground  the  party  injured  may  libel  the  other 
in  the  spiritnal  court ; and  unless  the  defendant  undertake  and 
make  out  a proof  of  the  actual  marringe,  he  or  she  is  enjoined 
perpetual  silence  on  that  head. 

JALAP,  a root  which  is  used  in  medicine  os  a purgative. 
According  to  Dr.  Henry,  three  kinds  of  jalap  yielded  as  follows  : 
Jalap  leger.  Jalap  t-atn.  Jalap  pique. 
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JAM,  Raspscrky,  is  made  by  boiling  fine  ripe  raspberries 
half  an  hour  over  a slow  fire  with  their  own  weight  of  loaf  sugar 
and  half  tbeir  weight  of  white  currant  juice.  The  liquor  should 
be  cleanly  skintined  while  boiling,  and  then  put  into  pots, 
covered  with  brandy  paper. 

Strawberry  Jam,  is  made  in  the  same  manner. 

JAMES'S*  Powders,  or  Antimomal  Powders,  a well  known 
preparation,  in  medicine,  of  phosphate  of  lime  and  antimony. 
In  a recent  analysis  of  this  valuable  powder,  it  was  found  to 
consist  of  peroxide  of  antimony  58*0  parts,  phosphate  of  Hn»e 
42  2 parts,  oxide  of  antimony,  impurity  and  loss  1*8=  1000  U. 
See  Antimony.  Phosphate  of  lime  is  a mineral  produced  by 
the  combination  of  lime  with  phosphoric  acid. 

In  Spain  there  are  entire  rocks  of  phosphate  of  lime,  which 
the  inhabitants  hew  into  building  stones  for  houses,  and  for  the 
walls  of  enclosures.  This  substance  is  also  found  in  Cornwall, 
and  other  parts  of  England  It  constitutes  the  ba*iv  of  the 
bones  of  all  animats.  The  phosphate  of  lime  which  is  sold  in  the 
shops  is  obtained  from  these  by  calcination.  This  mixed  with 
wood-ashes  is  used  ii  the  manufacture  of  a kind  of  flat  cups 
called  cupels,  which  are  employed  by  artists  for  refining  gold 
and  silver  in;  and  from  it  phosphoric  acid  and  the  luminous 
substance  called  phosphorus  are  obtained.  Phosphate  of  lime  is 
said  to  be  a very  efficacious  medicine  in  the  disease  called 
rickets,  to  which  young  children  are  liable. 

JANSEN I. STS,  a sect  of  the  Roman  Catholics  in  France, 
who  follow  the  opinions  of  Jansenius,  bishop  of  Ypres,  nearly 
like  those  of  Calvin  in  relation  to  grace  and  predestination. 

JANUARY,  (lie  first  month  of  the  year,  according  to  tbe 
present  mode  of  reckoning,  consisting  of  thirty-one  days. 

The  Kaltndar  of  Animated  Nature  for  this  month,  in  Middle- 
sex, presents,  in  its  first  week,  shell-less  snails  and  earth 
worms.  In  the  second  week,  the  redbreast  whistles,  the  nut- 
hatch chatters,  the  mistletoe  thrush  sings,  and  wagtails  appear. 
Indeed,  these  pretty  wagtails  appear  on  a tine  day  in  all  tho 
months  of  winter.  In  the  third  week,  the  common  larks  con- 
gregate- In  the  fourth,  snails  and  slugs  abound  in  all  the 
sheltered  nooks  of  our  gardens;  the  hedge  sparrow  whistles, 
the  large  titmouse  sing?,  and  some  vagrant  flies  venture  on  the 
windows. 

The  {Calendar  of  Vegetable  Nature  around  London,  presents 
in  the  first  week  of  January  some  plants  accidentally  in  flower, 
ns  the  lauriistinus.  continued  from  December.  In  the  second 
week,  winter  aconite,  Christmas  rose  in  flower,  and  hazel  cat- 
kins, begin  to  appear ; so  do  also  the  common  honey  suckle 
buds.  In  the  third  week,  we  see  primroses  flowering  in  shel- 
tered places ; and  the  bumble  daisy  and  chickwccd  begin  to 
flower.  In  the  fourth  week,  mezereon  begins  to  flower,  and 
sometimes  spurry,  pansy,  white  scented  violet,  archangel,  and 
colt’s-foot  shew  their  blossoms. 

Kitchen  Carden.  Of  e ulinary  vegetables,  sow  early  frame  and 
Charlton  pease  about  the  beginning,  and  dwarf  marrowfats 
towards  the  end  of  tho  month.  Eariy  mazagan  and  long- pod 
beans  in  the  first  week  and  tbe  last;  hardy  green  Egyptian,  and 
brown  Dutch  lettuces ; early  dwarf  short  top  radishes. — Pro- 
tect, by  temporary  coverings,  newly-sown  seeds ; transplant 
strong  plants;  dig  and  trench  vacant  ground  in  dry  weather; 
prepare  composts,  and  destroy  insects. 

Hardy  Fruit  Department.  Plant  fruit  trees ; protect  newly 
planted  trees ; prune  apples,  pears,  plums,  cherries,  goose, 
berries,  currants,  and  raspberries. — Dig  and  stir  the  earth 
round  trees  that  have  been  proned  ; trench  ground  fnr  trees  j 
stake  newly  planted  trees;  clean  trees  from  moss  and  mistletoe. 
Destroy  insects  by  washes.  Look  over  the  fiuit  in  your  store- 
room, and  pick  out  all  that  are  decayed. 

Culinary  Hoi-house  Department.  Glass-case  without  heat; 
sow  radishes,  lettuce,  carrots,  small  salads,  and  pease  and 
beans  for  transplanting. 

Hot-beds  and  Pits.  Prepare  for  making  up  hot-beds  for 
early  cucumbers  and  melons.  Sow  early  radishes  and  small 
salad.  Sow  carrots  on  a slight  hot-bed,  to  produce  a crop  for 
May.  Kidney  beans,  pease,  and  potatoes,  may  also  be  sown, 
planted  on  slight  hot  beds. — Give  air  and  water  sparingly  to 
pines.  Give  air  and  water  to  forcing  bouses,  and  increase  tbe 
stimuli  according  to  the  advancement  of  your  crops. 

Plover  Carden-  Here  we  have  tbe  hot-house  and  open 
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ground  departments.  In  the  latter,  plant  dried  root*  of  border 
flower*,  transplant  daisies  as  edgings,  and  protect  choice 
plants  by  matting,  fee.  In  the  hot-house  department,  attend 
to  alpines,  which  should  have  air  daily  if  the  weather  is  not 
very  severe.  In  hot- beds  and  pits,  force  roses,  shrubs,  and 
hardy  flowers.  The  mean  temperature  of  the  green-house 
should  be  40°  maximum,  at  fire  heat  44°.  The  mean  tempe- 
rature of  the  dry  stove  should  be  45°  with  fire  beat  Water 
sparingly,  but  give  air  daily. 

In  the  Pleasure  Ground  and  Shrubbery,  plant  most  sorts  of 
deciduous  tree*  in  fine  weather,  and  deciduous  hedges.  Prune 
deciduous  and  naturalised  shrub*  and  hedges.  Continue  to 
dig  in  the  interior  of  masses  and  groups ; and  dress  and 
gravel.  Form  and  repair  lawns  and  turf  verges  in  mild 
weather. 

Trees  in  the  Nursery  Department.  Lay  out  ground,  dig  and 
trench,  lift,  prune,  gather,  protect  trees,  and  destroy  vermin. 

Trees  ns  permanent  Plantations  and  Park  Sxenerp.  Prepare 
ground  for  groves,  and  screen  plantations;  plant  in  dry  wea- 
ther deciduous  trees,  pines,  and  larches ; prune  deciduous 
trees;  cut  hedge-rows;  enclose  and  fence  ground  designed  to 
be  planted ; fell  timber  trees,  where  tho  bark  is  no  object ; and 
thin  crowded  plantations. 

JAPANNING  is  the  art  of  varnishing  and  painting  ornaments 
on  wood,  as  is  done  by  the  natives  of  the  island  of  Japan.  All 
substances  that  are  dry  and  rigid,  or  not  too  flexible  ; as  woods, 
metals,  leather,  and  paper  prepared  ; admit  of  being  japanned. 
Wood  and  metals  require  no  other  preparation  than  to  have 
their  surfaces  perfectly  even  and  clean  ; but  leather  should  be 
securely  stretched,  either  on  frames  or  on  boards  ; as  its  bind- 
ing would  crack,  and  force  off  the  varnish.  Paper  should  be 
treated  in  the  same  manner,  and  have  a previous  strong  coat 
of  size;  but  it  is  rarely  japanned,  till  converted  into  papier 
tnarhtf.  or  wrought  into  such  form,  that  its  flexibility  is  lost. 

Of  Japan  Grounds.  When  a priming  is  used,  the  work  must 
be  smoothed  with  fish-skin  or  glass-paper,  and  being  thoroughly 
clean,  is  brushed  over  once  or  twice  with  hot  size,  diluted  with 
iwo-lhirds  water,  if  it  is  of  the  common  strength.  The  primiog 
is  laid  on  as  evenly  as  possible.  It  is  a size,  of  a consistency 
n*- tween  the  common  kind  and  glue,  mixed  with  as  much  wait- 
ing as  will  give  it  a sufficient  bodv  of  colour  to  hide  the  surface 
it  is  laid  upon.  This  is  repeated  till  the  inequalities  are  filled 
up,  then  tho  w ork  is  cleaned  off  w ith  Dutch  rushes,  and  polished 
-with  a wet  rag.  When  wood  or  leather  is  japanned,  and  no 
priming  used,  the  best  preparation  is  to  lay  on  two  or  three 
roats  of  coarse  varnish,  composed  in  the  following  manner ; 
Take  one  pint  of  rectified  spirits  of  wine,  and  of  coarse  seed- 
lac  and  resin,  each  two  ounces ; dissolve  the  seed  lac  and  resin 
in  the  spirit,  and  then  strain  off  the  varnish.  This  varnish,  like 
alt  others  formed  of  spirit  of  wine,  must  be  laid  on  in  a warm 
place ; and  if  it  can  lie  conveniently  mannaged,  the  piece  of 
work  to  be  varnished  should  also  be  made  warm ; for  the  same 
reason,  all  dampness  should  be  avoided ; as  cold  or  moisture 
chills  this  varnish,  and  prevents  its  taking  hold  of  the  substance 
on  which  it  is  laid.  When  the  work  is  so  prepared,  or  by  the 
priming  w ith  the  composition  of  size  and  whiting  above  described, 
the  proper  japan  ground  must  be  laid  on.  This  is  best  formed  of 
shell-lac  varnish,  and  the  colour  desired,  except  white,  which 
requires  a peculiar  treatment ; and  if  brightness  be  wanted, 
other  means  must  be  pursued.  The  colours  used  with  the 
•hell-lac  varnish  may  lie  any  pigments,  which  give  the  lint  of 
the  ground  desired.  As  metals  never  require  to  be  under- 
coated  with  whiting,  they  arc  treated  in  the  same  manner  as 
wood  or  leather. 

White  Janan  Grounds,  arc  made  hj  the  following  compo 
aition:  Take  flake-while,  or  white  lead,  washed  over  and 
ground  up  with  one-sixth  of  it*  weight  of  starch  and  then 
dried  ; temper  it  properly  for  spreading  with  mastich  varnish  ; 
and  lay  these  on  the  substance  to  be  japanned,  prepared  either 
with  or  without  the  under  coat  of  whiting,  as  ordered  above; 
and  then  varnish  it  over  with  five  or  six  coats  of  the  following 
varnish. 

From  a quantity  of  the  best  seed-lac,  pick  out  the  clearest 
and  whitest  grains,  reserving  the  fouler  parts  for  coarse  var- 
nishes. or  for  priming  or  preparing  wood  or  leather.  Of  this 
picked  Uc  lake  two  ounces,  and  of  gum  animi  three  ounces; 


reduce  them  to  a gross  powder,  and  dissolve  them,  in  about  a 
quart  of  spirits  or  wine,  and  strain  off  the  clear  varnish.  The 
seed -lac  will  give  a slight  tinge  to  this  composition  ; but  it  can- 
not be  avoided,  when  hard  varnish  is  wanted ; though,  when  a 
softer  will  answer  the  end,  the  proportion  may  be  d.minishi-ri, 
and  a little  crude  turpentine  added  to  the  gum  animi  to  take 
off  the  brittleness. 

A very  good  varnish,  entirely  free  from  brittleness,  may  be 
formed  by  dissolving  as  much  gum  animi  as  the  oil  will  take, 
in  old  nut  or  poppy  oil.  This  must  be  boiled  gently  when  tho 
gum  is  put  into  it.  The  ground  of  white  colour  itself  is  laid 
on  in  this  varnish,  and  then  a coat  or  two  of  it  put  over  the 
ground;  but  when  used,  it  must  bo  well  diluted  with  oil  of  tur- 
pentine. This,  though  free  from  brittleness,  is  liable  to  suffer 
by  bring  indented  or  bruised  by  any  slight  strokes;  and  it  will 
not  bear  any  polish,  but  may  be  brought  to  a smooth  surfsee 
without,  if  judiciously  managed  in  the  laying  it  on  It  is 
tedious  drying  and  requires  time  where  several  coats  are  laid 
on  ; as  the  last  should  be  without  oil  of  turpentine. 

Ulue  Japan  Grounds  arc  formed  of  bright  Prussian-blue  ; or 
of  verditer,  glazed  over  by  Prussian-blue,  or  smalt.  The 
colour  is  best  mixed  with  shell-lac  varnish,  and  brought  to  a 
polishing  state  by  five  coats  of  varnish  of  seed-lac ; but  the 
varnish  will  somewhat  injure  the  colour,  by  giving  a cast  of 
green  to  a true  blue,  and  fouling  a warm  blue  by  the  yellow  it 
contains ; where  a bright  blue  is  required,  and  a less  degree  of 
hardness  can  be  dispensed  with,  we  pursue  the  method 
directed  in  the  case  of  white  grounds. 

Red  Japan  Grounds.  For  a scarlet,  vermilion  is  used  ; but 
it  has  a glaring  effect,  much  less  beautiful  thau  tbe  crimson 
produced  by  glazing  it  over  with  carmine,  fine  lake,  or  rose 
pink.  For  a bright  crimson,  instead  of  glazing  with  carmine, 
use  Indian  lake,  dissolved  in  the  spilct  of  which  the  varnish  is 
compounded ; in  this  case,  instead  of  glazing  with  the  shcll- 
lac  varnish,  the  polishing  coats  are  only  used,  as  they  equally 
receive  and  convey  the  tinge  of  the  Indian  lake,  which  may  be 
dissolved  by  spirits  of  wine ; but  if  the  highest  degree  of  w hite- 
ness is  required,  use  the  white  varnish. 

For  Yellow  Japan  Grounds,  employ  King’s  yellow,  or  torpeth 
mineral,  cither  alone  or  mixed  with  fine  Dutch-pink.  Tbe 
effect  may  be  heightened,  by  dissolving  turmeric  root  io  tbe 
spirits  of  wine,  of  which  the  upper  or  polishing  coat  is  made. 
The  spirits  of  wine  must  be  strained  from  off  the  dregs  before 
the  seed-lac  be  added  to  it,  to  form  the  varnish.  The  seed-lac 
varnish  is  not  equally  injurious  here,  and  with  greens;  be- 
cause, tinged  with  a reddish  yellow  only,  it  is  little  more  an 
addition  to  the  depth  of  colour.  Yellow  grounds  may  be  found 
of  Dutch  pink  only,  which,  when  good,  is  not  deficient  in 
brightness,  though  extremely  cheap. 

Green  Japan  Grounds,  are  prepared  by  mixing  King's  yellow 
and  Prussian-blue,  or  turpeth  mineral  and  Prussian-bloe ; and 
a cheap  but  fouler  kind,  by  verdigris,  with  a little  of  the  above- 
mentioned  yellows,  or  Dutch-pink.  Where  a bright  green  is 
wanted,  the  crystal  of  verdigris,  (distilled  verdigris.)  arc  etn 
ployed  ; to  heighten  the  effect,  they  arc  laid  on  a ground  of 
leaf-gold,  when  the  colour  is  extremely  brilliant  and  pleasing. 

Orange  Japan  Grounds,  arc  formed  by  mixing  vermilion,  or 
red  lead,  with  King's  yellow,  or  Dutch-pink,  or  the  orange 
lake,  which  will  make  the  brightest  orange  ground  that  can  be 
produced. 

Purple  Japan  Grounds,  arc  produced  by  tbe  mixture  of  lake 
and  Prussian-blue ; of  a darker  hue,  by  vermilion  and  Prus- 
sian-blue. With  respect  to  the  varnish,  they  are  treated  as  the 
others. 

Rlark  Japan  Grounds,  (formed  without  heat,)  may  be  formed 
by  ivory  black,  or  by  lamp-black ; tho  former  is  preferable 
when  good.  These  are  laid  on  with  sbell-lac  varnish ; and 
have  their  upper  or  polishing  coats  of  common  sced-lao  var- 
nish, the  tinge  of  the  varnish  being  no  injury  here. 

Common  Black  Japan  Grounds  on  Iron  or  Copper,  (formed  by 
heat)  The  work  to  be  japanned  is  painted  over  with  drying 
oil  and  lamp-black ; when  of  a moderate  dryness,  it  must  be 
exposed  to  such  a heat  as  will  change  the  oil  to  black,  with- 
out weakening  its  tenacity.  Tbe  atove  should  not  bo  too  hot 
when  the  work  is  pat  into  it,  nor  the  heat  increased  too  fast, 
else  it  will  blister ; the  slower  the  beat  is  augmented,  and  the 
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longer  it  is  continued,  provided  it  be  restrained  within  the  due 
degrees,  the  harder  will  he  the  japan.  This  kind  of  varnish 
requires  no  polish,  as  that  which  it  receives  from  the  beat  when 
properly  managed  is  sufficient. 

Tortoise-shell  Japan  ( iroand. , produced  by  heat,  is  valuable 
frr  its  great  hardness,  and  its  beautiful  appearance.  Besides. 

It  endures  to  be  made  holler  than  boiling  water  without  dam- 
It  b made  by  means  of  a varnish  prepared  thus  : — Take 
one  gallon  of  good  iinsecd  oil,  and  of  utnlter  half  a pound  ; boil 
them  together  till  the  oil  becomes  brown  and  thick ; strain  it  ! 
through  a coarse  cloth,  and  boil  it  again  till  it  acquiru  a pitchy 
consistence,  when  it  will  be  fit  for  use. 

Having  prepared  *bo  varnish,  clean  well  the  iron  or  copper 
plate,  or  other  pieces  which  are  to  he  japanned,  then  lay  ver- 
milion tempered  with  shcll-lao  varnish,  or  with  drying  oil 
diluted  with  oil  of  turpentine,  very  thinly,  on  the  plates  in- 
tended to  imitate  the  more  transparent  parts  of  the  tortoise- 
shell. When  the  vermilion  is  dry,  brush  the  whole  over  with 
the  black  varnish,  to  a true  consistence  with  oil  of  turpentine ; 
and  when  it  is  set  and  firm,  put  the  work  into  a stove,  w here  it 
may  undergo  a very  stroug  heat,  for  three  weeks  or  a month, 
the  longer  the  better. 

This  ground  may  be  decorated  with  painting  and  gilding  as 
other  varnished  surfaces.  This  is  done  after  the  ground  has 
been  hardened  by  the  stove  ; but  it  should  receive  a second 
annealing  with  a more  gentle  heat,  after  it  is  Gnishcd. 

The  method  of  Pointing  Japanscorh.  Japan  work  should  be 
painted  with  colours  in  varnish;  though  for  despatch,  and  in 
nico  work  wbero  the  freer  use  of  the  pencil  is  required,  the 
colours  are  tempered  in  oil.  Out  the  oil  should  previously 
have  a fourth  part  of  its  weight  of  gum  unimi;  or,  gum  tand- 
nrach.  or  gum  mustich  dissolved  iu  it.  When  the  oil  is  thus 
used,  it  is  diluled  with  oil  of  turpentine,  for  the  colours  to  lie 
evenly  and  thin.  Oy  this  means,  fewer  of  the  polishiug  or 
upper  coats  of  varnish  become  necessary. 

Water  colours  arc  in  soino  instances  laid  on  grounds  of 
gold.  These  arc  best,  when  so  used  in  their  proper  appear- 
ance, without  any  varnish  over  them  ; and  they  arc  also  some- 
times managed  to  have  the  effect  of  embossed  work.  The 
colours  thus  employed  for  painting,  arc  prepared  with  isin- 
glass size,  corrected  by  boncy  or  sugar-candy.  The  body  of 
the  embossed  work  which  is  raised,  is  not  tinged  with  the 
exterior  colour,  but  formed  of  strong  gum  water,  thickened  to 
a proper  consistence  by  equal  parts  of  bole  Armenian  and 
whiting.  This  gum  is  laid  on  the  proper  figure,  and  repaired 
when  dry,  and  the  whole  may  be  then  painted  with  the  proper 
colours,  tempered  with  the  isinglass  size,  orshcll-lar  varnish. 

The  manner  of  KamisAin^  Japan-uorh.  The  finishing  of 
japan-work  consists  in  the  laying  on  and  polishing  the  outer 
coats  of  varnish,  as  well  in  the  pieces  that  have  only  one  sim- 
ple gronnd  of  colour,  as  those  that  are  painted.  This  is  done 
with  common  secd-lae  varnish,  except  where  olher  methods 
are  more  expedient.  The  same  reasons  which  decide  as  to  the 
fitness  of  the  varnishes,  with  respect  to  the  colours  of  the 
ground,  hold  equally  with  regard  to  those  of  the  painting. 
Where  brightness  is  the  most  material  point,  and  a tinge  of 
el  low  will  injure  it.  seed  lac  gives  way  to  the  whiter  gums; 
ut  where  hardness,  and  a greater  tenacity,  are  essential,  the 
•erd-lnc  must  l»c  adhered  to;  where  both  are  so  necessary,  that 
reciprocally  one  should  give  way  to  the  other,  it  is  usual  to 
adopt  a mixed  varnish.  This  mixed  varnish  is  made  of  the 
picked  seed-lac.  The  common  seed-lac  varnish,  the  most  use- 
ful preparation  of  the  kind,  may  be  thus  made.  Tnkc  three 
ounces  of  seed-lac.  put  it  into  water,  to  free  it  from  the  sticks 
and  filth  intermixed  with  it.  To  do  this,  stir  it  about, and  then 
poor  off  the  water,  adding  fresh  quantities,  till  it  be  freed  from 
all  impurities.  Then  dry  it,  powder  it  grossli,  and  put  it,  with 
a pint  of  rectified  spirit  of  wine,  into  a bottle,  of  which  it  will 
not  fill  above  two-thirds.  Shake  the  mixture,  place  the  bottle 
in  a gentle  heat,  till  the  seed-lac  is  dissolved  ; repeat  the  shak- 
ing, pour  off  all  (hat  b clear,  strain  the  remainder,  aod  put  it 
in  a close  bottle. 

In  using  seed-lac  white  varnish,  the  substance  used  in 
polishing  should  be  Itself  white ; but  in  other  cases,  the  com- 
mon  sorts  of  polishing  dost  may  be  used.  The  work  to  be 
varnished  it  placed  near  a fire,  or  stove,  made  perfectly  dry  : 


the  varnish  is  then  rubbed  over  with  the  brushes  made  for  that 
purpose,  beginning  in  the  middle,  and  passing  the  brush  over 
to  one  cod.  and  then  with  another  stroke  passing  it  from  the 
middle  to  the  other  end.  No  part  should  be  twice  passed  over 
in  forming  one  coat.  When  one  coat  is  dry,  proceed  with  a 
second,  and  so  on  six  or  seven  times,  till  the  varnish  is  suffi- 
ciently thick  tn  hear  the  polish.  In  common  cases,  yon  may 
polish  with  a rag  dipped  in  tripoli  or  roltrnstoDc  finely  pow- 
dered ; but  before  finishing,  add  a little  oil  with  the  powder: 
when  the  work  is  very  bright,  rub  with  oil  alone,  to  clean  all  the 
powder  off.  It  is  an  improvement  in  japan-work  to  harden  the 
varnish  by  heat ; and  where  metal  forms  the  body,  a hot  stove 
is  used. 

JARGON,  a precious  stone  found  in  Ceylon.  See  ZlftCOM. 

JASPER,  in  Mineralogy,  a species  of  the  clay  genus,  divid- 
ed into  six  sub-species.  The  Egyptian  jasper  exhibits  two 
or  more  colours  in  concentric  zones  or  bunds,  more  or  leas 
regular,  with  interspersed  spots  or  dendritic  figures.  It  is 
brittle,  and  occurs  in  rolled  pieces,  which  are  mostly  spherical. 
Before  the  blow-pipe  it  is  infusible  without  addition,  and  on 
account  of  its  beautiful  colour  and  great  hardness,  it  is  used  for 
similar  purposes  as  the  agate.  The  colours  of  tb e striped jawper 
arc  gray,  green,  yellow,  and  red  ; these  are  often  found  toge- 
ther, and  arranged  in  striped  and  flamed  delineations.  It  oc- 
curs in  large  beds  in  Saxony,  and  also  in  Siberia,  where  it  is 
of  a very  beautiful  kind.  It  admits  of  a high  polish,  and  is 
used  for  purposes  of  ornament  chiefly.  The  porcelain  jasper 
generally  exhibits  but  a single  colour.  Melted  before  the 
blow-pipe  it  is  found  to  consist  of  silica,  G0’75;  alumina,  27*26; 
magnesia,  3*00;  oxide  uf  iron,  2 50;  potash.  3 06;  loss,  2 84. 
The  common  jasper  is  found  in  veins  in  primitive  rocks-  It  is 
susceptible  of  a high  polish.  Opal  jasper  is  found  in  nests  in 
porphyry,  near  Tokay  in  Hungary,  in  the  neighbourhood  of 
Constantinople,  and  in  some  Siberian  mountains.  It  is  sup- 
posed to  be  the  connecting  link  between  jasper  and  opal,  and 
is  distinguishable  by  the  liveliness  of  its  colours,  its  superior 
lustre,  and  constant  conchoidal  fracture. 

JATROPHA,  in  Botany,  a genus  of  the  moncccia  monadcl- 
phia  class  and  order.  Natural  order  of  tricoccse.  Euphorbias, 
Jussieu.  There  are  nine  species,  of  which  the  most  remarkable 
arc : 1.  The  corcas,  or  English  physic  nuL  2.  The  gossypifolia, 
cotton-leaved  jatropha.  3.  The  multifida,  or  French  physic  nut. 
4.  The  manihot,  or  bitter  cassada,  has  palmated  leaves ; the 
lobes  lanceolate,  very  entire,  and  polished.  5.  The  janipba, 
or  sweet  cassada,  has  palmated  leaves,  with  lobes  very  entire ; 
the  intermediate  leaves  lobed  with  a sinus  on  both  sides.  & 
The  clastica,  or  hevan  guianrnsis,  with  ternate  leaves  elliptic, 
very  entire,  hoary  underneath,  and  longly  pctiolated.  See 
Caoutchouc.  The  root  of  bitter  cassada  has  no  fibroos  or 
woody  filaments  in  the  heart,  and  neither  boils  nor  roasts  soft. 
The  sweet  cassada  has  all  the  opposite  qualities.  The  bitter, 
however,  may  be  deprived  of  its  noxious  qualities  (which  reside 
in  the  juice)  by  heat.  Cassada  bread,  therefore,  is  made  of 
both,  thus : tbe  roots  arc  washed  and  scraped  clean,  then  gra- 
ted into  a tub:  after  this,  they  are  pat  into  a hair  bag,  and 
stronzly  pressed,  to  squeeze  out  Ibe  juice,  and  tbe  meal  is  dried 
in  a hot  stone  bason  over  the  fire.  Cassada  roots  yield  a great 
quantity  of  starch,  which  tbo  Brazilians  export  in  little  lumps 
under  the  name  of  tapioca. 

JAUNDICE,  a disease  created  by  a suffusion  of  bile,  and 
determination  thereof  to  tbe  surface  of  the  body,  which  is 
thence  tinged  yellow. 

JAW,  Locum,  a spasmodic  contraction  of  the  lower  jaw, 
occasioned  generally  by  sonic  external  Injury  affecting  tha 
tendons  or  ligaments. 

J \Y.  a beautiful  bird  of  the  genus  Corvus. 

JEERS,  or  Jevks.  an  assemblage  of  tackles,  by  which  tbe 
lower  yards  are  hoisted  up  along  the  mast,  or  lowered  down,  as 
occasion  requires;  the  former  of  which  operations  is  called 
Swaying,  and  the  latter  Striking.  In  a ship  of  war,  the  jeers  are 
usually  composed  of  two  strong  tackles,  each  of  which  has  two 
blocks,  viz.  one  fastened  to  the  lower  mast-head,  and  the  olher 
to  the  middle  of  the  yard.  The  two  blocks  which  are  lashed  to 
the  middle  slings  of  the  yard,  are  retained  in  this  situation  by 
means  of  two  cleats,  nailed  on  each  side,  whose  arms  enclose 
the  ropes  by  which  the  blocks  are  fastened  to  the  yard.  Tha 
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two  ropes  which  communicate  with  these  tackles  lead  down  to 
the  deck  on  the  opposite  aide  of  the  mast,  according  to  the 
situation  of  the  upper  jccr-hlocks.  In  merchant  ships  the 
jeers  have  usually  two  laige  .single  blocks  on  the  opposite  sole 
of  the  mast-head,  and  another  of  the  same;  size  iri  the  middle 
of  the  yard.  The  rope  which  communicates  with  these,  passes 
through  one  of  the  blocks  hanging  on  the  mast-head,  then 
through  the  block  on  the  yard,  and  afterwards  through  the 
other  hanging  block  on  the  mast.  To  the  two  lower  ends  of 
this  rope,  on  the  opposite  sides  of  the  mast,  are  fixed  two 
tackles,  each  of  which  is  formed  of  two  double  blocks,  the 
lower  one  being  hooked  to  n ring-bolt  in  the  deck,  and  the 
upper  one  spliced  or  seized  into  the  lower  end  of  the  great 
rope,  above  which  is  called  the  tie.  By  this  contrivance  the 
mechanical  power  of  the  tackle  below  is  transmitted  to  the  tye, 
which  communicating  with  blocks  on  the  yard,  readily  sways 
up,  or  lowers  it,  either  by  the  effort  of  both  jeers  at  oner  on 
the  opposite  sides  of  the  mast,  or  by  each  of  them  separately, 
one  alter  the  other.  They  any  a man  is  brought  to  the  jeers, 
when  going  to  be  punished  at  the  jeer-capstan.  This  is  done 
in  the  following  manner : a capstan-bar  bring  thrust  through 
the  hole  uf  the  barrel,  the  offender's  arms  are  extended  at  full 
length  cross-wise,  and  so  tied  to  the  bar.  having  sometimes  a 
basket  of  bullets,  or  some  other  like  weight,  hanging  by  his 
neck.  In  this  posture  he  continues  till  be  be  either  brought  to 
confess  some  plot  or  crime  whereof  he  is  suspected,  or  that  he 
has  suffered  whnl  he  is  sentenced  to  undergo  at  the  discretion 
of  the  captain. 

JELLY,  a food,  medicine,  or  sweetmeat,  prepared  from  the 
juice  of  unripe  fruits,  boiled  to  a proper  consistency  with  sugar ; 
or  the  strong  decoctions  of  the  horns,  bones,  or  extremities  of 
aoiinnls  boiled  (o  such  a height  as  to  be  stiff  and  firm  when 
cold,  without  the  addition  of  any  sugar.  The  jellies  of  fruits 
are  cooling,  saponaceous,  and  acescent,  and  therefore  are 
good  ns  medicines  in  all  disorders  of  the  primer  tier,  arising  from 
alkalescent  juices,  especially  when  not  given  alone,  but  diluted 
with  water.  On  the  contrary,  the  jellies  made  from  animal 
substances  are  all  alkalescent,  and  are  therefore  good  in  all 
eases  in  which  an  acidity  of  tho  humours  prevails.  The  alka- 
lescent quality  of  these  is,  however,  in  a great  measure  taken 
off.  by  adding  b*mou  juice  and  sugar  lemon  to  them.  There 
were  formerly  a sort  of  jellies  much  in  use,  railed  compound 
jfllitt ; these  had  the  restorative  medicinal  drugs  added  to 
them,  but  they  are  now  scarcely  ever  heard  of. 

J li.lv  Oat,  a preparation  of  common  oats,  recommended  by 
many  of  the  German  physicians  in  all  hectic  disorders,  to  be 
taken  with  broth  of  snail*  or  cray  fish.  It  is  made  by  boiling 
n large  quantity  of  oats,  with  the  husk  taken  off  with  some 
hartshorn  shavings,  ami  currants,  together  with  a leg  of  veal 
cut  in  pieces,  ami  with  the  bones  all  broken  ; these  arc  to 
be  set  over  the  lire  with  a large  quantity  of  water,  till  the 
whole  is  reduced  to  a sort  of  jelly,  which,  when  strained  and 
cold,  is  firm  and  hard.  A few  spoonfuls  of  this  are  to  be  taken 
every  morniug,  diluted  with  a bason  of  rither  of  the  above- 
mentioned  broths,  or  any  other  warm  liquor. 

JftLLY,  in  Chemistry.  If  we  press  out  the  juice  of  ripe  cur- 
ranis,  and  HiMtiy  other  acid  fruits,  and  let  it  remain  in  a state 
of  rest,  it  partly  coagulates  into  a tremulous  soft  substance.  If 
we  w ash  the  coagulum  with  a small  quantity  of  water,  we  obtain 
jelly  approaching  to  a state  of  purity,  and  nearly  colourless,  un- 
less linircd  by  the  peculiar  colouring  matter  of  the  fruit ; it  has 
a pleasant  taste,  and  a tremulous  consistency.  It  is  scarcely 
soluble  in  cold,  but  very  soluble  in  hot  water;  and  when  the 
solution  cools,  it  again  coagulates.  When  long  boiled,  it  loses 
the  property  of  gelatinizing  by  cooling. 

JESUITS,  or  the  Society  of  Jesus,  in  Church  History,  a ce- 
brated  religious  order  in  the  Romish  Church,  founded  by  Igna- 
tius Loyola,  a Spaniard.  To  the  three  ordinary  monastic  vows 
of  chastity,  poverty,  and  obedience,  they  added  a fourth,  which 
was.  to  go  wherever  the  pope  should  command.  The  order 
was  abolished  in  1773:  hut  was  lately  restored  by  Pope  Pius  j 
VII.  the  predecessor  of  the  present  pope,  and  re-established 
in  Italy,  Spain,  and  Switzerland. 

Jesuit's  Bark,  Sea  Cinchona. 

JET,  a black  inflammable  substance  of  the  bituminous  kind, 
border  than  arpkaltum,  and  susceptible  of  a good  polish.  It 
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becomes  electrical  by  rubbing,  attracting  light  bodies  like 
yellow  amber.  It  swims  on  u ater,  so  that  its  specific  gravity 
must  bo  less  than  1000;  notwithstanding  which  it  has  been 
frequently  confounded  with  the  lapn  ubiidianut,  the  specific 
gravity  of  which,  according  to  Kirwan,  is  no  less  than  1741. 
It  also  resembles  caitnd  coal  extremely  in  its  hardness,  receiv- 
ing a polish,  not  soiling  the  lingers,  Ate. : so  that  it  has  also 
been  confounded  with  this.  The  distinction,  however,  is  easily 
made  betwixt  tbc  two;  forcannel  coal  wants  the  electrical  pro- 
perties of  jet,  and  is  likewise  so  heavy  as  to  sink  in  water,  its 
specific  gravity  being  no  less  than  1*273;  whereas  that  of  jet,  as 
lias  already  been  said,  is  less  than  1000. 

Mr.  Magellan  is  of  opinion,  that  the  jet  is  a true  amber,  dif- 
fering from  the  yellow  kind  only  in  the  mere  circumstance  of 
colour,  and  being  lighter  on  account  of  the  great  quantity  of 
bituminous  matter  which  enters  into  its  composition.  When 
burning,  it  emits  a bituminous  smell.  It  is  never  found  iu 
strata  or  continued  masses  like  fossil  stones,  but  always  in 
separate  and  unconnected  heaps  like  the  true  amber.  Great 
quantities  of  it  have  been  dug  in  the  Pyrenean  mountains; 
also  near  Batalka,  a small  town  of  Porlugal,  and  in  Galicia, 
in  Spain.  It  is  found  also  in  Ireland,  Sweden,  Prussia,  Ger- 
many, and  Italy.  It  is  used  in  making  small  boxes,  hnftnus, 
bracelets,  mourning  jewels,  tic.  Sometimes  also  it  is  employ  ed. 
in  conjunction  with  proper  oils,  in  making  varnishes  ; when 
mixed  with  lime  in  powder,  it  is  said  to  make  very  hard  and 
durable  cement. 

JET  d'Eau,  a French  word  signifying  a fountain  that  throws 
up  water  to  some  height  in  the  air. 

Jets  and  fountains,  though  in  some  situations  conducive  to 
picturesque  beauty,  arc  of  little  utility  except  in  tropical  cli- 
mates. But  in  the  jet  or  formation  of  Hiero  of  Syracuse,  the 
head  of  water  is  lower  than  the  orifice,  yet  as  the  pressure  is  com- 
municated by  a column  of  air,  this  jet  d’eau  mat  be  considered 
of  great  utility  in  large  works  where  its  application  is  desired. 

This  figure  represents  the  machine,  in 
which  arc  two  vessels,  K L M N,  and  O I* 
Q K,  close  on  all  sides.  A It  is  a tube 
having  a funnel  at  the  top,  and  it  passes 
through  the  higher  vessel  without  inter- 
fering with  the  fluid  therein  contained, 
being  fixed  or  soldered  air-tight  at  its 
top  and  bottom.  It  passes  likewise 
through  the  top  of  the  lower  vessel,  being 
soldered  air-tight  there  also,  and  it  reaches 
almost  to  the  bottom  of  Ibis  vessel.  This 
tube  is  open  at  both  ends. 

ST  is  another  tube  similarly  fixed, but 
in  an  inverted  order,  and  it  is  also  open 
at  top  and  bottom.  These  two  tubes 
support  the  upper  vessel. 

A third  tube  G F,  is  soldered  into  the 
top  of  the  other  vessel,  aud  reaches  al 
most  to  its  bottom.  This  tube  is  open  nt 
both  ends,  but  tbe  orifice  G is  very  small 
Fill  the  upper  vessel  with  water  to  the 
height  KN,  B*  being  its  surface  a little 
below  T ; stop  the  orifice  G with  the  fin- 
ger, and  pour  in  water  at  A ; it  will  pass 
down  B,  and  compress  the  air  again  into 
less  room  in  OQRP.  Whenever  the 
water  in  the  lower  vessel  rises  to  C e,  tbe 
air  which  formerly  occupied  the  whole  of  the  spaces  O PQR 
and  Ec  L K,  will  now  be  contained  in  the  spaces  o P c C and 
KLrE;  and  its  elasticity  will  be  in  equilibno  with  the  weight 
of  the  column  of  water,  whose  base  is  the  surface  Ee.and  whine 
height  is  Ac:  lienee  if  your  finger  be  now  removed  from  the 
orifice  G,  the  fluid  will  spout  up  through  that  tube  as  high  as  it  i* 
long,  or  equal  to  the  altitude  r H ; and  while  there  is  any  water 
in  the  vessel  KLM  N,  there  will  be  a discharge  through  the 
orifice. 

The  height  of  the  water  measured  from  the  basin  V A W to 
the  surface  of  tho  water  in  the  lower  vessel,  is  always  equal  to 
the  height  measured  from  the  top  of  tbe  jet  to  the  surface  of  the 
water  in  the  vessel  KLMN;  and  as  the  surface  E e is  constantly 
/ailing,  and  tbe  water  in  tbe  under  vcsrcl  always  rising,  the 
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height  of  the  jet  i*  perpetually  decreasing,  until  it  is  shorter  | 
bv  tlie  depth  of  R L M N,  which  is  empty,  added  to  the  depth 
of  O I’Q  R,  which  is  continually  falling  ; and  so  soon  as  the 
jet  has  fallen  thus  low,  it  ceases  to  play- 

JETSAM,  any  thing  thrown  out  of  a ship  being  in  danger  of 
wreck,  and  by  the  waves  driven  to  the  shore. 

JETTB,  the  border  made  round  the  stelts  under  a pier,  in 
certain  old  bridges,  being  the  same  with  starling,  consisting  of 
a strong  framing  of  timber  filled  with  stones,  chalk,  &c.  to 
preserve  the  foundations  of  the  piers  from  injury. 

JETTY  Head,  a name  usually  given  in  the  royal  dockyards 
to  that  part  of  a wharf  which  projects  beyond  the  rest;  but 
more  particularly  the  front  of  a wharf,  whose  side  forms  one  of 
the  cheeks  of  a dry  or  wet  dock. 

JEWEL,  any  precious  stone,  or  ornament  beset  with  them. 
See  Diamond,  Ri  by,  &c. 

Jewels  mode  a part  of  the  ornaments  with  which  the  Jews, 
Greeks,  and  Romans,  especially  their  ladies  of  distinction, 
adorned  themselves.  So  prodigious  was  the  extravagance  of 
the  Roman  ladies  in  particular,  that  Pliny  the  elder  says,  he 
saw  Lullio  Paulina  with  an  equipage  of  ibis  kind,  amounting, 
according  to  Dr.  Arbulhnot's  calculation,  to  £32*2,910.  13*.  4d. 
of  our  moDcy.  It  is  worthy  of  observation,  that  precious  stones 
among  the  Romans  and  all  the  ancients  were  much  scarcer, 
and  consequently  in  higher  esteem,  than  they  arc  amongst  us, 
since  a commerce  has  been  opened  with  the  Indies.  The 
ancients  did  not  know  how  to  cut  and  polish  them  to  much 
perfection;  hut  coloured  stones  were  not  scarce,  and  they  cut 
them  very  well  either  hollow  or  in  relief.  When  luxnry  had 
gained  ground  amongst  them,  the  Romans  hung  pendants  and 
pearls  in  their  cars ; and  for  this  purpose,  the  cars  of  both 
sexes  were  frequently  bored.  See  Bars. 

JEWEL-BLOCKS,  in  Shipping,  two  small  blocks,  which  are 
suspended  at  the  extremity  of  tbc  main  and  fore  top-sail-yards, 
by  means  of  an  eye-bolt  driven  from  without  into  the  middle  of 
the  yard-arm  parallel  to  its  axis.  The  use  of  these  blocks  is 
to  retain  the  upper  part  of  the  top-mast  studding-sails  beyond 
the  sheets  of  the  top-snils,  so  that  each  of  these  sails  may  have 
its  full  force  of  action,  which  would  he  diminished  by  the 
encroachment  of  the  other  over  its  surface.  The  halliards,  by 
which  those  studding-sails  are  hoisted,  arc  passed  through  the 
jcwcl-block.  whence,  communicating  with  n block  on  the  top- 
mast -head,  they  lead  downwards  to  the  top  or  decks,  where 
they  may  be  conveniently  hoisted. 

JEWS,  in  Church  History,  the  descendants  of  Judah  the  son 
of  Jacob,  and  of  the  Israelites,  commonly  denominated  the 
Twelve  Tribe*  of  Israel.  This  name  was  first  given  to  those 
Jew*  who  returned  from  the  captivity  of  Babjlon,  because  the 
tribe  of  Judah  made  the  most  conspicuous  figure  among  them. 
The  following  is  a summary  of  their  religous  creed  : I.  That  God 
is  the  creator  and  active  supporter  of  all  things.  *2.  That  God 
is  one,  and  eternally  unchangeable.  3.  That  God  is  incorpo- 
real, and  cannot  have  any  material  properties.  4.  That  God 
shall  eternally  subsist.  6-  That  God  is  alone  to  be  worshipped. 
ih  That  whatever  has  been  tanght  by  tbe  prophets  is  true.  7. 
That  Moses  is  the  head  and  father  of  all  contemporary  doctors, 
and  of  all  those  who  lived  before,  or  shall  live  after  him.  8. 
That  the  law  was  given  by  Moses.  9.  That  the  law  shall  always 
exist,  and  never  be  altered.  10.  That  God  knows  all  the 
thoughts  and  actions  of  men.  II.  That  God  will  reward  the  ob- 
scrvance.and  punish  the  breach, of  hislaw.  12.  That  the  Messiah 
is  to  come,  though  he  tarry  a long  time.  13.  That  there  shall 
be  a resurrection  of  the  dead  when  God  shall  think  fit.  In 
England,  in  former  times,  the  Jews  and  all  their  goods  belonged 
to  the  ohicMord  where  they  lived.  By  slat.  Edward  I.  the  Jews, 
to  the  number  of  16,000,  were  banished  out  of  England  ; and 
never  returned  till  Oliver  Cromwell  rc-admittcd  them.  When- 
ever any  Jew  shall  present  himself  to  take  the  oath  of  abjuration 
in  pursuance  of  the  10  George  III.  c.  10,  tbc  words,  upon  the 
true  faith  of  a Christian,  shall  be  omitted.  If  Jewish  parents 
refuse  to  allow  their  Protestant  children  a maintenance  suit- 
able to  their  fortune,  the  Lord  Chancellor,  upon  complaint,  may 
make  such  order  therein  as  he  may  think  proper. 

Jews’  Harp,  in  Musio,  an  instrument  well  known  among  the 
lower  classes  in  this  country,  almost  the  only  musical  instru- 
ment made  use  of  by  the  inhabitant*  of  the  island  of  St.  Kilda. 


JIB,  the  foremost  sail  of  a ship,  being  a large  stay-anil 
extended  ft om  the  outer  end  of  the  bow-sprit,  prolonged  by 
the  jib-boom  toward*  the  forc-top-mast  head.  In  cutters  and 
sloops  the  jib  is  on  the  bowsprit,  and  extends  towards  the 
lower  mast-head.  The  jib  is  u sail  of  great  command  with  any 
side  wind,  buf  especially  when  the  ship  is  close-hauled,  or  has 
the  wind  upon  her  beam  ; and  its  e(Tort  in  casting  the  ship,  or 
turning  her  head  to  leeward,  is  very  powerful  and  of  great 
utility,  particularly  when  tbc  ship  is  working  through  a narrow 
channel. — Flying  Jib,  a sail  sometimes  set  upon  a boom,  rigged 
out  beyond  the  jib-boom. — Middle  Jib,  a similar  sail,  some- 
times set  between  the  two  preceding,  being  extended  from  the 
end  of  the  jib-boom,  while  tho  inner  jib-t«ck  is  near  hull'  way 
down  or  on  the  boom. 

Jis-Boom,  is  a continuation  of  the  bowsprit  forward,  being 
ron  out  from  the  extremity  in  a similar  manner  to  a top-mast 
on  a lower-mast,  and  serving  to  extend  the  bottom  of  the  jibs 
and  the  stay  of  the  fore-top.  gallant-roast.  It  is  usually  attached 
to  tbe  bowsprit  by  means  of  two  large  boom-irons,  or  by  one 
boom-iron  and  a cap  on  the  outer  end  of  the  bowsprit,  or  by  a 
cap  without,  and  a strong  lashing  within,  instead  of  a boom- 
iron,  which  is  generally  the  method  of  securing  it  in  small 
merchant  ships : when  it  oan  be  drawn  in  upon  the  bowsprit 
as  occasion  reqnirea,  which  is  frequently  practised  when  tho 
ship  enters  a harbour,  where  it  might  very  soou  be  broken  or 
carried  away,  by  tbe  vessels  which  are  moored  therein  or  pass- 
ing by  under  sail, — Flying  Jib-Boom,  is  a boom  extended  beyond 
tbe  preceding  hy  means  of  two  boom-irons,  and  to  the  fore- 
most end  of  which  tbe  tack  of  the  flying-jib  is  hauled  out. 

JIGGER,  a machine  consisting  of  a piece  of  rope  about  five 
feet  long,  with  a block  at  one  end,  and  a sheave  at  the  other, 
used  to  bold  on  the  cable  when  it  is  heaved  into  the  ship  by 
the  revolution  of  the  windlass.  Tbc  jigger  is  particularly  use- 
ful when  the  cable  is  cither  slippery  with  mud  or  ooae,  or  when 
it  is  stiff  or  unwieldy  ; in  both  of  which  cases  it  i*  very  difficult 
to  stretch  it  back  from  the  windlass  by  hand,  which  however  is 
done  with  facility  and  expedition  by  means  of  the  jigger,  in  the 
following  manner;  the  end  of  tbe  rope  to  which  the  sheave  is 
fastened  by  a knot,  is  passed  round  the  cable  close  to  tho 
windlass,  and  the  hind  part  of  the  rope  coming  over  the  shenve, 
is  stretched  aft  by  means  of  another  rope  passing  through  the 
jigger-block.  A*  soon  as  the  last  rope  i*  extended,  the  turn 
of  the  former  about  the  cable  is  firmly  retained  in  its  position 
by  the  compression  of  its  hind  part  under  the  sheave,  acting 
upon  what  may  be  cnllcd  the  neck  of  the  jigger. 

Fleet  JiuGfcit,  a term  used  by  the  man  who  holds  on  the  jig- 
ger, when,  by  its  distance  from  the  windlass,  it  becomes  neces- 
sary to  fleet  or  replace  it  in  a proper  state  of  action,  for  as  the 
cable  continues  to  he  heaved  into  the  ship,  it  is  evident  that 
the  jigger,  which  is  fastened  on  a particular  part  thereof, 
stretching  it  hack,  will  be  removed  further  aft,  by  every  turn  of 
the  windlass,  and  the  effort  of  the  jigger  will  be  lessened  in 
proportion  to  its  distance  from  the  windlass;  accordingly, 
when  the  mao  gives  the  above  notice,  another  at  the  windlass 
immediately  fixes  In*  handspike  between  the  deck  and  the 
cable,  so  as  to  jam  the  latter  to  the  windlass,  and  prevent  it 
from  running  out  till  the  jigger  is  replaced  near  the  w indlass. 

i\ac.v.n-T(tcklt,  a light  small  tackle  consisting  of  a doable 
and  a single  block,  and  used  by  seamen  on  sundry  occasions. 

JOBBER,  a person  who  undertakes  jobs,  or  small  pieces  of 
work.  In  some  statutes,  jobber  is  used  for  a person  who  boys 
and  sells  for  others,  and  is  equivalent  to  broker.  Hence 
jobbing,  the  business  of  a jobber. 

Stock  Jobbing  denotes  the  practice  of  trafficking  in  the  pub- 
lic funds,  or  of  buying  and  selling  stock  with  a view  to  its  rise 
or  fall.  The  term  is  commonly  applied  to  the  illegal  practice  of 
buying  and  selling  stock  for  Lime,  or  of  accounting  for  the  dif- 
ferences in  the  rise  or  fall  of  any  particular  stock  for  a stipu- 
lated lime,  whether  the  buyer  or  seller  be  possessed  of  any  such 
real  stock  or  not.  See  Stock  Broker. 

JOINERY,  the  art  of  working  in  wood,  or  of  fitting  various 
pieces  of  timber  together.  It  is  called  by  the  French  small 
work,  to  distinguish  it  from  carpentry,  which  is  employed  about 
large  works.  See  Architecture,  Building,  and  House. 

JOINT,  in  general,  denotes  the  juncture  of  two  or  more 
things.  The  joints  of  the  human  body  arc  called  by  anatomists 
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articulations.  Sr*  Anatomy.  The  suppleness  to  which  the 
joints  may  be  brought  by  long  practice,  fruiu  tbo  time  of 
infancy,  is  very  surprising.  Every  common  posture-master 
shews  us  a great  deal  of  this ; blit  one  of  the  most  wonderful 
instances  we  ever  had  of  it.  was  in  a person  of  the  name  of 
Clark,  and  famous  for  it  in  London,  where  he  was  commonly 
known  by  the  name  of  Clark  the  posture-master.  This  man  had 
found  the  way,  by  long  practice,  to  distort  many  of  the  bones, 
of  which  nobody  before  bad  ever  thought  it  possible  to  alter 
the  position.  He  had  such  an  absolute  command  of  his 
muscles  and  joints,  that  he  could  almost  disjoint  his  whole 
body.  So  that  he  once  imposed  on  the  famous  Mullens  by  his 
distortions  in  such  a manner,  that  be  refused  to  undertake  his 
cure  ; but,  to  the  amazement  of  the  physician,  no  sooner  bad 
he  given  over  Ids  patient,  than  be  saw  him  restore  himself  to 
the  figure  and  condition  of  a proper  man,  with  no  distortion 
about  him- 

Joint  Actions,  in  personal  actions,  several  wrongs  may 
l>e  joined  in  one  writ;  but  actions  founded  upon  a tort  and  a 
contract  cannot  be  joined. 

Joint  and  Several,  an  interest  cannot  be  granted  jointly  and 
severally. 

Joint  Liras,  lease  for  years  to  husband  and  wife,  if  they  or 
any  issue  of  their  bodies  should  so  long  live,  has  been  adjudged 
so  long  as  either  the  husband,  wife,  or  any  of  their  issue,  should 
live. 

Joint  Sloth  Companies,  are  trading  associations  with  a 
slock  consisting  of  many  shares,  in  which  the  individuals  gain 
or  lose  in  proportion  to  their  shares.  For  very  large  un- 
dertakings, such  as  the  making  of  a canal  or  building  a bridge, 
where  the  capital  of  a few  men  is  inadequate,  the  union  of  many 
individuals  may  be  necessary  and  sometimes  profitable.  In 
general,  joint  stock  companies  arc  not  profitable  to  the  indivi- 
dual shareholders,  although  they  may  be  beneficial  to  the  per- 
sons who  are  paid  for  managing  the  concern  on  behalf  of  the 
body  at  large.  It  is  a common  delusion,  that  the  share-holder 
is  not  responsible  beyond  the  amount  of  his  share,  bat  except 
it  be  a corporate  body,  every  farthing  of  bis  property  is  liable 
for  all  the  debts  and  obligations  of  the  company.  To  put  a 
stop  to  delusive  schemes,  which  led  many  persons  to  their  rain, 
the  statute  of  16  Geo.  I.  c.  Id,  was  enacted,  commonly  called 
the  bubble  act ; it  has,  however,  been  evaded,  or  allowed  to  re- 
main inoperative.  Many  joint  stock  companies  obtain  an 
act  of  parliament,  by  which  they  may  sue  or  be  sued  in  the  name 
of  their  chairman,  secretary,  or  any  of  their  members,  which 
they  otherwise  could  not  do*  as  it  would  be  necessary  in  all  the 
records  and  pleadings  to  recapitulate  the  names  and  desig- 
nations of  all  the  shareholders,  which  in  some  cases  would  be 
impossible,  and  in  all  cases  extremely  tedious  and  expensive. 

Joint  Tenants,  are  those  that  hold  lands  or  tenements 
by  one  title,  without  partition.  The  creation  of  an  estate  in  joint 
tenancy  depends  on  the  wording  of  the  deed  or  devise  by 
which  the  tenant  cluims  title,  and  cannot  arise  by  act  of  law.  If 
any  estate  be  given  to  a plurality  of  persons,  without  adding 
any  restrictive,  exclusive,  or  explanatory  words,  this  makes 
them  immediately  joint  tenants  in  fee  of  the  lands.  If  there 
be  two  joint  tenants,  and  one  release  the  other,  this  passes  a 
fee  without  the  word  heirs.  Joint  tenants  may  make  partition ; 
the  one  party  may  oompcl  the  other  to  make  partition,  which 
must  be  by  deed  : that  is  to  say,  all  the  parties  must  by  deed 
actunlly  convey  and  assure  to  each  other  the  several  estates 
which  they  arc  to  take  and  enjoy  severally  and  separately; 
joint  tenants  must  jointly  implead  and  be  jointly  impleaded 
with  others.  If  one  joint  tenant  refuse  to  join  in  an  action, 
lie  may  be  summoned  and  severed  ; but  if  the  person  severed 
die.  the  writ  abates  in  real  actions,  but  not  in  personal  and 
mixed  nctioos, 

JOINTURE,  in  Law,  generally  signifies  a settlement  of 
lands  and  tenements,  made  on  a woman  in  consideration  of 

marring*1- 

JOISTS,  or  Joysts.  in  Architecture,  those  pieces  of  timber 
framed  Into  the  girders  and  summers,  on  which  the  boards  of 
the  fioor  are  laid. 

JONK,  Joxquk.  or  June,  a kind  of  small  ship,  very  com- 
mon in  the  East  Indies.  These  vessels  aro  about  the  size  of 
1y- boats,  and  differ  in  the  form  of  their  building,  according  to 


the  different  methods  of  naval  architecture  nsed  there.  The 
sails  arc  frequently  made  of  mats,  and  the  anchors  of  wood. 

JOURN  AL,  a sort  of  diary,  or  daily  register  of  the  ship's 
course  and  distance,  the  winds  and  weather,  together  with  n 
general  account  of  whatever  is  material  to  be  remarked  in  the 
period  of  a sea  voyage,  such  as  the  shifting,  reducing,  or 
enlarging  the  quantity  of  sail,  the  condition  of  the  ship  and 
her  crew,  the  discovery  of  other  ships  or  fleets,  lauds,  shoals, 
breakers,  soundings,  See. 

Journal,  a day  book,  register,  or  account  of  what  passes 
daily.  See  Book-Keeping. 

JOURNEYMAN,  properly  one  who  works  by  the  day  only  ; 
but  the  word  is  now  used  for  any  one  who  works  under  a 
master,  either  by  the  day,  the  year,  or  the  piece. 

JOY,  in  Ethics,  is  that  passion  which  is  produced  by  love, 
regarding  its  object  as  present,  either  immediately  or  in  pros- 
pect, in  reality  or  imagination.  The  operation  of  joy  some- 
times effects  the  functions  of  the  body,  by  increasing  the 
secretion  of  perspiration  and  some  others- 

JUBILEE,  a time  of  public  and  solemn  festivity  among  the 
ancient  Hebrews.  This  was  kept  every  fiftieth  year ; and 
began  about  the  autumnal  equinox.  At  this  time  all  slaves 
were  released,  all  debts  annihilated,  and  all  lands,  &c.  however 
alienated,  were  restored  to  their  first  owners.  During  this 
whole  year  all  kind  of  agriculture  was  forbidden,  and  the  poor 
had  the  benefit  of  the  harvest,  vintage,  and  other  productions 
of  the  earth. — The  Christians,  in  imitation  of  the  Jews,  have 
likewise  established  jubilees,  which  began  in  the  time  of  pope 
Boniface  VIII.  in  tho  year  1300.  and  are  now  practised  every 
twenty-five  years ; but  these  relate  only  to  the  protended  for- 

veness  of  sins,  and  the  indulgences  granted  by  the  church  of 

ome. 

JUDGMENT,  among  Logicians,  a faculty,  or  rather  act,  of 
the  human  soul,  whereby  it  compares  its  ideas,  aud  perceives 
tbeir  agreement  or  disagreement.  See  Logic  and  Meta- 
physics. 

Judgment,  in  Law,  is  the  sentence  pronounced  by  the  court 
upon  the  matter  contained  in  the  record.  Judgments  aro  of 
four  torts.  First,  where  tho  facts  arc  confessed  by  the  parties, 
and  the  law  determined  by  tbc  court ; as  in  case  of  judgment 
upon  demurrer.  Secondly,  where  the  law  is  admitted  by  the 
parties,  and  the  facts  disputed  ; as  iu  the  case  of  judgment  or 
verdict  Thirdly,  where  both  the  facts,  and  the  law  arising 
thereon,  are  admitted  by  the  defendant;  which  is  the  case  of 
judgment  by  confession  or  default ; or,  lastly,  when  tbo  plain- 
tiff is  convinced  that  either  fact,  or  law,  or  both,  are  insufficient 
to  support  his  action,  and  therefore  abandons  or  withdraws 
bis  prosecution;  which  is  the  case  in  judgments  upon  a 
ROK/uix  or  trarit.  The  judgment,  though  pronounced  or 
awarded  by  the  judges,  is  not  their  determination  or  sentence, 
but  the  determination  and  sentence  of  the  law.  It  is  the 
conclusion  that  naturally  and  regnlarly  follows  from  the  pre- 
mises of  law  and  fact,  which  stands  thus : Against  him  who 
hath  rode  over  my  corn,  I may  recover  damages  by  law ; but 
A hath  rode  over  my  coru,  therefore  I shall  recover  damages 
against  A-  If  Ibe  major  proposition  bo  dented,  this  is  a 
demurrer  in  law  ; if  the  minor,  it  is  then  an  issuo  of  fact ; hut 
if  both  be  confessed  or  determined  to  be  right,  the  conclusion 
or  judgment  of  the  court  cannot  but  follow ; which  judgment  or 
conclusion  depends  not  therefore  on  ibe  arbitrary  caprice  of 
the  judge,  but  on  tbe  settled  and  invariable  principles  of  jus- 
tice. The  judgment,  in  short,  is  the  remedy  prescribed  by  law 
for  the  redress  of  injuries ; and  the  suit  or  action  is  the  vehicle 
or  means  of  administering  it  What  that  remedy  may  bo,  is 
indeed  the  result  of  deliberation  and  study  to  point  out;  and 
therefore  the  style  of  the  judgment  is,  not  that  it  is  decreed  or 
resolved  by  the  court,  for  then  the  judgment  might  appear  to  be 
their  own;  bat,  “it  is  considered,"  ronrirfera/am  est  curiam, 
that  the  plaintiff  do  recover  his  damages,  his  debt,  bis  pos- 
session, and  the  like;  which  implies,  that  the  judgment  is  none 
of  their  own ; but  the  act  of  law,  pronounced  and  declared 
by  the  court,  after  due  deliberation  and  inquiry.  Sec  Black- 
stone’s  Comment,  iii.  306. 

Judgment,  in  criminal  cases,  is  tbc  next  staged  prosecution, 
after  trial  and  reaviefion  arc  passed,  in  such  crimes  and  misde- 
meanors as  are  either  too  high  or  too  low  to  be  included  within 
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the  benefit  of  clergy  For  when,  upon  a capital  charge,  the 
jury  have  brought  in  their  verdict  • guilty ' In  the  presence  of  the 
prisoner,  he  is  either  immediately,  or  at  a convenient  time  soon 
after,  asked  by  the  court,  if  he  has  any  thing  to  olTcr  why  judg- 
ment should  not  be  awarded  against  him ! And  in  case  the 
defendant  be  found  guilty  of  a misdemeanor,  (the  trial  of 
which  may,  and  does  usually  , happen  in  his  absence,  after  he 
has  unco  appeared,)  a raping  is  awarded  ntid  issued,  to  bring 
him  in  to  receive  Ids  judgment ; and  if  lie  absconds,  he  may  be 
prosecuted  even  to  outlawry.  Hut  whenever  he  appears  in 
person,  upon  either  a capital  or  inferior  conviction,  he  may  at 
this  period,  us  well  as  at  his  arraignment,  offer  any  exceptions 
to  the  indictment,  in  arrest  or  stay  of  judgment;  as.  lor  want  of 
sufficient  certainty  in  selling  forth  either  the  person,  the  time, 
the  place,  or  the  offence.  And  if  the  objections  be  valid,  the 
whole  proceedings  shall  be  set  aside;  but  the  party  niny  be 
indicted  again  : and  even  may  take  notice,  1.  That  none  of  the 
statutes  ol  jr/'Jftilj,  for  amendment  of  errors,  extend  to  indict- 
ments, or  proceedings  iu  criminal  cases  ; and  therefore  a defec- 
tive indictment  is  riot  cited  by  a verdict,  ns  defective  plead- 
ings in  civil  caress  are.  2.  That  ill  favour  of  life,  great  strict- 
lie. vi  has  at  all  times  been  observed,  in  every  point  of  an  indict- 
ment. Sir  Matthew  Hale  indeed  complains.  “ that  this  strict- 
ness is  grown  to  be  n blemish  and  inconvenience  in  the  law 
and  the  administration  thereof;  for  that  moro  offenders  escape 
by  the  ever-easy  ear  given  to  exceptions  in  indictments,  than 
by  their  own  innooeDOO ; and  many  times  gross  murders, 
burglaries,  robberies,  and  other  heinous  and  crying  offences, 
remain  unpunished  by  these  unseemly  niceties,  to  the  reproach 
of  the  law  , to  the  shame  of  ihe  government,  to  the  encourage- 
ment of  villany,  and  to  the  dishonour  of  God.’*  And  yet,  not- 
withstanding this  laudable  zeal,  no  man  was  more  tender  of 
life  than  this  truly  excellent  judge, — A pardon  also  may  he 
pleaded  in  arrest  of  judgment ; and  it  has  the  same  advantage 
when  pleaded  here  as  when  pleaded  upon  arraignment;  rtx.  the 
saving  the  attainder,  and.  of  course,  the  corruption  of  blood  ; 
which  nothing  can  restore  but  parliament,  when  a pardon  is 
not  pleaded  till  after  sentence.  And  certainly,  upon  all 
accounts,  when  a man  hath  obtained  a pardon,  he  is  ia  the 
right  to  plead  it  as  soon  as  possible.  See  Pardon. 

Praying  ibo  benefit  of  clergy,  may  also  be  ranked  among  the 
motions  in  arrest  of  judgment.  See  Benlpit  of  Clergy. 

If  all  the  resources  fail,  the  com  l must  pronounce  that  judg- 
ment which  the  law  hath  annexed  to  the  crime.  Of  lbe«c, 
some  are  capital,  which  exteod  to  the  life  of  the  offender,  and 
consist  generally  in  being  hanged  by  the  neck  till  dead  ; though 
in  very  atrocious  crimes  other  circumstances  of  terror,  pain,  or 
disgraco,  are  suporadded,  as,  in  treasons  of  all  kinds,  being 
drawn  or  dragged  to  the  place  of  execution : in  high  treason 
couiiuitlcd  by  a female,  the  judgment  is.  to  he  burned  alive. 
Hut  the  humanity  of  the  English  nation  has  authorized,  by  a 
tacit  consent,  an  almost  general  mitigation  of  such  parts  of 
these  judgments  as  savour  of  torture  or  cruelty  ; a sledge  or 
hurdle  being  usually  allowed  to  such  traitors  as  are  condemned 
to  he  drawn;  and  there  beinp  very  few  instances  (and  those 
accidental  or  by  negligence)  of  any  person's  being  embowelled 
nr  burned,  till  previously  deprived  of  sensation  by  strangling. 
Some  punishments  consist  in  exile  or  banishment,  by  abjura- 
tion of  the  realm,  or  transportation  beyond  the  seas  ; others  in 
loss  of  liberty,  by  perpetual  or  temporary  imprisonment.  Some 
extend  to  confiscation  by  forfeiture  of  lauds  or  moveables,  or 
both,  or  of  the  profits  of  lands  for  life;  others  endure  a disabi- 
lity of  holding  offices  or  employments,  being  beirs,  executors, 
and  the  like.  Some,  though  rarely,  occasion  a mutilation  or 
dismembering,  by  eutting  off  the  hand  or  ears  : others  6x  a 
jasting  stigma  on  the  offender,  by  slitting  the  nostrils,  or  brand- 
ing in  the  hand  or  face.  Some  arc  merely  pecuniary,  by  stated 
or  discretionary  fines ; and,  lastly,  there  arc  others  that  con- 
sist principally  in  their  ignominy,  though  most  of  them  arc 
mixed  with  some  degree  of  corporeal  pain,  and  these  are 
indicted  chiefly  for  such  crimes  as  cither  arise  from  indigence, 
or  render  even  opotcnce  disgraceful;  such  as  whipping,  hard 
labour  in  the  house  of  correction,  the  pillory,  the  stocks,  and 
the  ducking-stool.  Disgusting  as  this  catalogue  may  seem,  it 
will  afford  pleasure  to  a British  reader,  and  do  honour  to  the 
British  laws,  to  compare  it  with  that  shocking  apparatus  of 


death  and  torment,  to  be  met  with  in  the  criminal  codes  of 
almost  every  other  nation  in  Europe.  And  it  is  moreover  one 
of  the  glories  of  oor  laws,  that  the  nature,  not  always  the  quan- 
tity or  degree,  of  punishment  is  ascertained  for  every  offence  ; 
and  that  it  is  not  left  in  the  breast  of  any  judge,  nor  even  of  a 
jury,  to  alter  that  judgment  which  the  law  has  beforehand 
ordained  for  every  subject  alike,  without  respect  of  persons. 
For  if  judgment  were  to  he  the  private  opinions  of  the  judge, 
men  would  then  he  slaves  to  their  magistrates,  and  would  live 
in  society  without  knowing  exactly  the  conditions  and  obliga- 
tions which  it  lays  them  under.  Anri,  besides, as  this  prevents 
oppression  on  the  one  hand,  so  on  the  other,  it  stifles  all  hopes 
of  impuuity  or  mitigation  with  which  an  offender  might  flatter 
himself,  if  his  punishment  depended  on  the  humour  and  discre- 
tion of  the  court.  Whereas,  where  an  established  penalty  is 
annexed  to  crimes,  the  criminal  may  rend  their  eertain  con- 
sequence in  that  law,  which  ought  to  be  the  unvaried  rulr,  as 
it  Is  the  inflexible  judge  of  his  actions. 

JUGLANS.  in  Botany,  llw/nwr  Tree,  a genus  of  the  monorcia 
polvandria  class  and  order.  Natural  order  of  ainentacem. 
Tcrcbinlaces**,  Jussieu.  There  are  eight  species,  of  which  J. 
regia,  common  walnut,  is  a very  large  and  lofty  tree,  with  strong 
spreading  houghs.  There  arc  several  varieties,  but  they  alt 
vary  again  when  raised  from  the  seed,  and  nuts  from  the  same 
tree  will  produce  different  fruit.  The  wood  is  iu  great  request, 
on  account  of  its  fine  grain  and  colour.  The  husks  and  leaves 
being  macerated  in  warm  water,  and  the  liquor  poured  on  grass 
walks  and  bowling-greens,  will  infallibly  kill  the  worms,  without 
endangering  the  grass. 

JUGULARES,  in  Natural  History,  an  order  of  Asbes  accord- 
ing to  the  Linn, Tan  system.  They  have  their  ventral  tins  situated 
before  the  peel  oral  fins,  and  as  it  were  under  the  throat  Their 
body  is  sometimes  covered  with  scales,  and  sometimes  not. 
With  a very  few  exceptions,  they  have  spines  in  the  dorsal  and 
anal  fins,  and  their  gills  have  bony  rays.  Of  this  order  arc 
the  following  genera;  blenius,  callyonumus,  gad  us,  kurtels,  tra- 
cbinus,  uranoscopus. 

JUICE,  denotes  the  sap  of  vegetables,  or  the  liquors  of 
animals.  I Sre  Anatomy,  Blood,  Plants,  Sat,  8cc.  The  juices 
of  several  plants  arc  expressed,  to  trfitain  their  essential  salts, 
and  for  several  medicinal  purposes,  with  intention  either  to  be 
used  without  further  preparation,  or  to  be  made  into  syrups 
and  extracts.  The  general  method  of  extracting  these  juices 

is,  by  pounding  the  plant  in  a marble  mortar,  and  then  by  put- 
ting it  into  a press.  Thus  is  obtained  a muddy  ami  gicen 
liquor,  which  generally  requires  to  be  clarified,  as  we  shall  soon 
observe.  Juices  which  are  not  acid,  and  not  very  mucila- 
ginous, are  spontaneously  clarified  by  rest  and  gentle  bent. — 
Fermentation  is  also  an  effectual  method  of  clarifying  juices 
which  are  susceptible  of  it;  for  all  liquors  which  have  fer- 
mented. clarify  spontaneously  after  fermentation.  The  juices, 
especially  before  they  arc  clarified,  contain  almost  all  tbc 
same  principles  as  the  plant  itself,  because  in  the  operation 
by  which  they  are  extracted,  no  decomposition  happens,  but 
every  thing  remains,  as  to  its  nature,  in  the  same  state  as  in  the 
plant.  Most  vegetable  juices  coagulate  when  they  arc  exposed 
to  the  air,  whether  they  are  drawn  out  of  the  plant  by  wounds, 
or  naturally  run  oat;  though  what  is  called  naturally  running 
out,  is  generally  the  effect  of  a wound  in  the  plant,  from  a sort 
of  canker,  or  some  other  internal  cause.  Different  parts  of  the 
same  plant  yield  different  juices. 

Among  those  juices  of  vegetables  which  arc  clammy  and 
readily  coagulate,  there  arc  some  which  readily  break  with  a 
whey.  The  great  wild  lettuce,  with  the  smell  of  opium,  yields 
the  greatest  plenty  of  milky  juice  of  any  know  n British  plant. 
These  juices,  as  well  as  the  generality  of  others  which  bleed 
from  plants,  are  white  like  milk,  but  there  arc  some  of  other 
colours.  The  juice  of  the  great  celandine  is  of  a flue  yellow 
colnar  ; it  flows  from  the  plant  of  the  thickness  of  cream,  and 
soon  dries  into  a hard  cake,  without  any  whey  separating  from 

it.  Another  yellow  juice  is  yielded  by  the  seed-vessels  of  the  yel- 
low centaury  in  the  month  of  July,  when  Ihe  seeds  are  full-grown. 
This  is  very  clammy  ; it  soon  hardens  altogether  into  a cake, 
without  any  whey  separating  from  it.  Another  kind  of  juices, 
very  different  from  all  these,  arc  those  of  a gummy  nature. 
Some  of  these  remain  liquid  a long  time,  and  arc  not  to  be 
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dried  without  the  assistance  of  heat;  and  other*  very  quickly 
harden  of  themselves,  and  aro  not  inflammable.  Some  plants 
yield  juices  which  are  manifestly  of  an  oily  nature.  These, 
when  rubbed,  arc  not  at  till  of  a clammy  nature,  hut  make  the 
fingers  glib  and  slippery,  and  do  not  at  nil  harden  on  being 
exposed  to  the  air.  If  the  stalk  of  elecampane  he  wounded, 
there  flows  out  an  oily  juice  swimming  upon  n watery  one. 
The  stalks  of  the  hemlock  also  afford  a similar  oily  liquor  swim- 
ming upon  the  other;  and  in  like  manner  the  uliite  mullein, 
the  berries  of  ivy.  the  hay,  juniper,  and  the  fruit  of  the  olive, 
when  wounded,  shew  their  oil  floating  on  the  watery  juice. 
Some  of  these  oily  iuices,  however,  harden  into  a kind  of  resin, 

JULIAN  Calendar,  Kpoeh — Period — Year,  fye.  See  the  re. 
spective  articles. 

JULY,  the  seventh  month  of  the  year;  during  which  the  sun 
enters  the  sign  Leo  The  word  is  derived  from  the  Latin 
Julius . the  surname  of  Caius  Julius  Caesar,  the  dictator,  who 
was  born  in  it-  Mare  Antony  first  gave  this  month  tin;  name 
July,  which  before  was  called  Quintilia,  as  being  the  fifth  month 
of  the  year  in  the  old  Human  kalendar  established  by  Romulus, 
which  began  in  the  month  of  March.  For  the  same  reason, 
August  was  called  Sextilis;  and  September.  October.  Novem- 
ber, and  December,  still  retain  the  name  of  the  first  rank. 

On  the  10th  day  of  this  month  the  dog-days  are  commonly 
supposed  to  begin;  when,  according  to  Hippocrates  and  Pliny, 
the  sea  boils,  wine  turns  sour. dogs  go  mad,  the  bile  is  increased 
and  irritated,  and  all  animals  decline  and  languish. 

The  Kalendar  «j f Animated  Suture  round  London  for  this 
month.  The  cuckoo  loses  her  voice:  the  atone  curlew  whis- 
tles occasionally  Fate  at  night ; the  golden-crested  wren  chirps  ; 
the  quail  calls  ; the  cuckoo-spit  or  frog-hopper  almonds ; young 
frogs  migrate;  the  great  horse-fly  appears;  and  young  par- 
tridges fly. 

In  the  Kalendar  of  Vegetable  Nature,  we  sec  enchanter’s 
nightshade,  lavender,  pinks,  and  carnations,  in  bloom.  Rasp- 
berries and  gooseberries  are  now  ripe,  potatoes  are  in  flower, 
and  asparagus  in  berry,  and  truffle  may  now  be  dug  up  in  com- 
mons aud  forests.  Rut  for  the  various  productions  of  this  sea- 
son. the  reader  must  consult  works  which  give  them  in  detail. 

JUMP,  in  Mining,  is  one  among  the  numerous  appellations, 
which  the  dislocations  of  the  strata  have  received  from  the 
practical  miners  of  different  districts.  The  process  or  convul- 
sion of  nature,  is  frequently  called  “ Tke  heaving  of  the  lode,n 
and  exhibits  a phenomenon  in  mining,  which  the  science  or 
mineralogy  lias  not  yet  been  able  to  solve. 

JUMPER.  This  is  a name  given  to  a long  iron  too]  with  a 
steel  chisel-like  point,  much  used  in  mines,  for  drilling  or 
boring  of  boles  in  rocks  which  arc  to  be  blasted  with  gun- 
powder. Some  have  confounded  this  instrument  with  another, 
generally  called  a Gad.  The  Gad,  however,  is  a different  tool, 
having  no  connexion  with  the  boles  bored  to  be  used  in  the 
blasting  process.  In  sonio  places.  Jumper  and  Borer  are 
terms  of  synonymoos  import,  applied  promiscuously  to  the 
same  tool.  The  term  Jumper  is  also  given  to  a Christian  sect 
well  known  in  Wales,  and  remarkable  for  their  eccentricity. 

JUNCI  LAPIDRI,  in  Natural  History,  the  name  given  by 
authors  to  a speeiea  of  fossil  coral  of  the  takularia  kind,  and 
composed  of  a congeries  of  small  tubules,  which  are  usually 
round  and  striated  within. 

JUNCTURE,  in  Oratory,  is  a part  of  composition  particu- 
larly recommended  by  Quintilian,  and  denotes  such  an  atten- 
tion to  the  nature  of  the  vowels,  consonants,  and  syllables,  in 
the  connexion  of  words,  with  regard  to  their  sound,  as  will 
render  tbeir  pronunciation  most  easy  and  pleasant,  and  best 
promote  the  harmony  of  the  sentence.  Thus,  the  coalition  of 
two  vowels  occasioning  a hollow  and  obscure  sound,  and  like- 
wise of  some  consonants  rendering  it  harsh  and  rough,  should 
be  avoided ; nor  should  the  same  syllable  be  repeated  at  the 
beginning  and  end  of  words,  because  the  sound  becomes  hereby 
harsh  and  unpleasant. 

J UNCUS,  the  Ruth,  a genus  of  plants  belonging  to  the 
hexandria  class;  and  in  the  natural  method  ranking  under  the 
fifth  order  Tripctaloidcre.  See  Botany. 

JUNE,  the  sixth  month  of  the  year,  during  which  the  son 
enters  the  sign  Cancer.  In  this  month  is  the  summer  solstice. 
See  Cancer,  the  Cr«6,  (page  142, ) fer  the  astronomical  and 
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I physical  relation  of  June.  The  word  is  from  Junius  or  it 
Junonr,  for  the  goddess  says  in  Ovid.  Junius  d nostro  nomine 
nomen  habet.  There  air,  however,  two  other  topics  that  solicit 
our  attention  here,  and  wc  shall  therefore  develop  them  in 
the  sequel  of  this  article. 

1.  Kalendar  for  this  month,  in  the  south  of  Britain.  In  Ani- 
mated Nature,  during  the  first  week,  we  see  the  wasp,  and  several 
species  of  the  bee  and  butterfly  tribes,  with  the  hedge-sparrow 
and  fly-catcher.  In  the  second  week,  the  burnet  moth  and 
forest  fly  shew-  themselves,  and  hers  swarm.  In  the  third  week, 
flics,  but  ter  (lie* , moths,  beetles,  nnd  other  insects  appear.  In 
the  fourth  week,  insects  abound,  singing  birds  begin  to  retire 
to  the  woods,  nnd  lone  their  song. 

2.  The  Kalendar  of  Vegetable  Nature  round  London.  In  tho 
i first  week,  water-lilies  flower,  aud  numerous  other  plants.  In 

the  second  week,  the  vine,  raspberry,  and  elder  are  in  flower. 
Scotch  roses,  broom,  and  nettle  flower;  and  wheat  is  now  in 
the  ear.  In  the  third  week,  a great  variety  of  plants  flower, 
also  many  of  the  pasture  grasses  and  late  wheats.  In  the 
fourth  week,  currants  ripen,  strawberries  abound,  young 
shoots  of  trees  and  shrubs  attain  their  length  ; oats  and  barley 
flower,  fcc.— For  particulars  w hich  relate  to  the  kitchen  gar- 
den, to  fruit  trees,  to  flowers,  to  pleasure  grounds,  and  shrub- 
beries, we  must  refer  the  reader  to  treatises  written  professedly 
on  these  subjects. 

JUNGERM ANNIA,  in  Botany,  a cryplogamia  genus  of 
plants,  very  numerous  in  species,  as  well  as  distinct  in  cha- 
racter. It  was  thus  named  by  Ruppiu*  and  Michcli,  who  have 
been  followed  by  all  botanists  since  their  day,  iu  honour  of 
Lewis  Jurigcrtnann,  professor  of  botany  at  Altdorf,  and  after- 
wards at  (Hessen,  in  the  early  part  of  the  seventeenth  century. 
The  plants  of  this  genus  have  hitherto  been  but  inaccurately 
defined. 

JUNGIA,  in  Botany,  so  namrd  hv  the  younger  Linmrus,  in 
memory  of  Joachim  Jung  ins,  a learned  German  botanist,  of 
the  seventeenth  eentnry. 

J UNI  PA,  in  Botany,  the  name  of  a tree  of  the  Caribbce 
Islands,  and  some  other  places,  to  which  peculiar  properties 
are  ascribed.  The  fruit  is  said  to  yield  a juice  as  clear  as 
water,  which  communicates  a fine  purple  dye,  but  being  rubbed 
twice  on  the  same  spot,  the  purple  gives  placo  to  black.  This 
singular  tincture,  according  to  report,  cannot  be  got  oat  by 
soap  or  any  other  method  of  cleansing,  and  yet,  after  about  nint: 
or  ten  days,  the  colour  wholly  disappears  of  its  own  accord. 
The  same  authors  who  vouch  for  the  above  properties,  also 
assert,  that  hugs  and  parrots  feeding  on  this  fruit,  have  their 
flesh  *nd  fat  alt  tinged  throughout  of  a violet  colour. 

JUNIPERU.S,  in  Botany,  Juniper  Tree,  a genus  of  the  dioc- 
cia  luonadilphia  class  nnd  order.  Natural  order  of  conifcrn*. 
There  are  twelve  species:  some  of  these  arc  lofty  handsome 
trees:  but  the  common  juniper  is  a low  shrub,  seldom  more 
than  three  feet  in  height.  The  female  flowers  are  succeeded  by 
roundish  berries,  at  first  green,  and  when  ripe  of  a dark  purple 
colour.  They  continue  on  the  bush  two  years,  and  are  sessile 
in  the  axil  of  the  lenves.  Juniper  is  common  in  all  the  northern 
parts  of  Europe.  The  berries  have  a strong  smell ; and  a warm 
pungent  sweet  taste,  followed  by  a bitterish  one- 

JUNK,  any  remnants  or  pieces  of  old  cable,  which  are  usu- 
ally cut  for  tho  purpose  of  making  Points,  Mats,  Gaskets, 
Sennit,  he.  which  sec. 

JUNO-  Under  the  article  Astronomy,  a few  observations 
were  made  on  this  plunrt,  to  which  wc  now  make  tho  follow- 
ing additions.  Juno  is  situated  between  the  orbits  of  Mars  and 
Jupiter,  was  discovered  by  Mr.  Harding  at  the  observatory  of 
Lilienthnl,  near  Bremen,  on  the  evening  of  the  first  of  Septem- 
ber, 1801.  White  this  astronomer  w as  forming  an  atla*  of  all 
the  stars,  as  far  as  the  Ctghth  magnitude,  which  are  near  the 
j orbits  of  Ceres  nnd  Pallas,  he  observed,  in  the  constellation 
I Pisces,  a small  star  of  the  eighth  magnitude, which  was  not  men- 
I tronedinthe  “ Hlstoire  Celeste” of  La  Lande;  and  being  ignorant 
of  its  longitude  and  latitude,  he  put  it  dowa  in  his  chart  as  nearly 
as  he  could  estimate  with  his  eye.  Two  days  afterwards  the 
star  disappeared,  but  he  perceived  another  which  be  had  not 
seen  before,  resembling  the  first  in  size  nod  colour,  and  situa- 
ted a little  to  the  south-west  of  its  place,  lie  observed  it  again 
on  the  5th  of  September,  and  finding  that  it  bad  moved  a littlu 
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farther  to  the  south-west,  he  concluded  that  this  star  belonged 
to  the  planetar}'  system. 

The  planet  Juno  is  of  a reddish  colour,  and  is  free  from  that 
nebulosity  which  surrounds  Pallas.  Its  diameter,  and  its  mean 
distance,  are  less  than  those  of  the  other  new  planets.  It  is 
distinguished  from  all  other  planets  by  the  great  eccentricity  of 
Its  orbit ; and  the  effect  of  this  is  so  extremely  sensible,  that  it 
passes  over  that  half  of  its  orbit,  which  is  bisected  by  its 
perihelion,  in  half  the  time  that  it  employs  in  describing  the 
other  half,  which  is  farther  from  the  sun.  From  the  same 
cause,  its  greatest  distance  from  the  sun  is  double  the  least 
distance,  the  difference  between  the  two  distances  being  about 
127  millions  of  miles.  Though  there  is  no  nebulous  appearance 
around  the  planet  Juno,  yet  it  appears,  from  the  observations 
of  Schroder,  that  it  must  have  an  atmosphere  more  dense  than 
that  of  any  of  the  old  planets  of  the  system.  A very  remarkable 
variation  in  the  brilliancy  of  this  planet  has  been  observed  by  this 
astronomer.  He  attributes  it  cbiclly  to  changes  that  are  going  on 
in  its  atmosphere,  though  he  thinks  it  not  improbable  that  these 
changes  may  arise  from  a diurnal  rotation  performed  in  27 
hours.  The  following  elements  were  calculated  by  Uuckbardt. 


Mean  longitude,  31st  Dec.  1H04,  noon  ..........  1*  1*2°  17'  IK* 

Place  of  ascending  node  5*  21°  (7  0" 

Place  of  perihelion  in  1805 1*  20°  4W  23" 

Eccentricity  025000  .... 

Inclination  of  orbit * 21°  O' ...... 

Ditto 13®  4' 

Mean  distance  2.057  

Diameter  in  English  miles,  according  to  Schroder  1425  

Apparent  mean  diameter,  as  seen  from  the  earth, 
according  to  Schroder 3' 057 


JUPITER,  among  Alchemists,  signifies  the  philosopher's 
gold.  The  gentlemen  of  this  profession  apply  every  thing  to 
their  art  which  the  mythologists  mention  of  the  god  Jupiter, 
asserting  that  the  ancient  fables  are  only  to  be  understood  iu  a 
figurative  sense. 

Ji'PiTF.a,  and  his  Satellites.  See  Astkonomy. 

JURATS,  magistrates  in  the  nature  of  aldermen,  for  the  go- 
vernment of  several  corporations. 

JURIES,  in  Common  Law,  consist  of  twelve  or  twenty-four 
men,  sworn  to  inquire  into  fads,  and  declare  the  truth  upon 
such  evidence  as  shall  appear  before  them.  Trial  by  jury  is 
very  ancient  in  this  country.  It  seems  to  have  been  coeval 
with  the  existence  of  its  civil  government;  and  some  authors 
have  endeavoured  to  trace  their  establishment  up  so  high  as 
the  ancient  Britons.  It  is  certain  that  while  the  Saxons  held 
dominion  among  us,  juries  were  well  known,  and  some  have 
ascribed  their  origin  to  Woden,  their  great  legislator  and  cap- 
tain. Juries  arc,  in  these  kingdoms,  the  supreme  judges  in  all 
courts  and  in  all  causes,  in  which  either  the  life,  property,  or 
reputation,  of  any  man  is  concerned.  This  is  the  distinguish- 
ing privilege  of  every  Briton,  and  ono  of  the  most  glorious 
advantages  of  our  constitution ; for  as  every  one  is  tried  by  his 
peers,  the  meanest  subject  is  as  safe  and  as  free  as  the  greatest. 
See  the  article  ThUL. 

JURISDICTION,  a power  or  authority  which  a man  has  to 
do  justice  in  cases  of  complaint  made  before  him.  There  are 
two  kinds  of  jurisdiction,  the  one  ecclesiastical,  the  other  secular. 

Secular  Jurisdiction,  belongs  to  the  king  and  his  justices 
or  delegates.  The  courts  and  judges  at  Westminster  have 
jurisdiction  ail  over  England,  and  are  not  restrained  to  any 
county  or  place  ; but  all  other  courts  arc  confined  to  their  par- 
ticular jurisdictions ; the  first  is  tenere plaeita,  to  hold  picas,  and 
the  plaintiff  may  sue  either  there  or  in  the  king’s  courts.  An- 
other is  the  cognisance  of  pleas,  where  a right  is  invested  in 
the  lord  of  the  franchise  to  hold  pteas ; and  is  the  only  person 
that  can  take  advantage  of  it,  by  claiming  his  franchise.  The 
third  sort  is  an  exempt  jurisdiction,  as  where  the  king  grants 
to  some  city,  that  the  inhabitants  shall  be  sued  within  their 
city,  and  not  elsewhere,  though  there  is  no  jurisdiction  that 
can  withstand  a certiorari  to  the  superior  courts. 

Ecclesiastical  Jurisdiction,  belongs  to  bishops  and  their 
deputies.  Bishops,  Ac.  have  two  kinds  of  jurisdiction ; the  one 
iuicrual.  which  is  exercised  over  the  conscience  ill  things  purely 
spiritual ; and  this  they  arc  supposed  to  hold  immediately  of 


God.  The  other  is  contentious,  which  is  a privilege  some 
princes  have  given  them  of  terminating  disputes  between 
ecclesiastics  and  laymen. 

JURISPRUDENCE,  the  science  of  what  is  just  or  unjust ; 
or  the  knowledge  of  laws,  rights,  customs,  statutes,  &c.  neces- 
sary for  the  administration  of  justice.  See  Law. 

JUROR,  Jurator,  in  a legal  sense,  is  one  of  those  twenty- 
four  or  twelve  men  who  arc  sworn  to  deliver  truth  upon  such 
evidence  as  shall  be  given  them  touching  any  matter  in  ques- 
tion. The  punishment  of  petty  jurors  ntlaintcd  of  giving  a 
verdict  contrary  to  evidence,  willingly,  is  very  severe. 

JURY,  a certain  number  of  men  sworn  to  inquire  into  and 
try  a matter  of  fact,  and  to  declare  the  truth  upou  such  evi- 
dence ns  shall  appear  before  them. 

JURY  MAST,  a temporary  or  occasional  mast,  erected  in  a 
ship  in  the  plaec  of  one  that  has  been  carried  away  by  tempest, 
battle,  ko.  Jury  masts  arc  sometimes  erected  in  a new  ship,  to 
navigate  her  down  tlio  river,  or  to  a neighbouring  port,  where 
her  proper  masts  are  prepared  for  her. 

JUSTICE,  in  a moral  sense,  is  one  of  the  four  cardinal 
virtues,  which  gives  every  person  his  due.  Civilians  distin- 
guish justice  into  two  kinds,  eommMNiearit*e  and  distributive. 
The  former  establishes  fair  dealing  in  the  mutual  commerce 
between  man  and  man  ; and  includes  sincerity  in  our  discourse, 
and  integrity  in  our  dealings.  The  effect  of  sincerity  is  mutual 
confidence,  so  necessary  among  the  members  of  the  same  com- 
munity ; and  this  mutual  confidence  is  sustained  and  preserved 
by  the  integrity  of  our  conduct.  Distributive  justice  is  that  by 
which  the  differences  of  mankind  are  decided,  according  to  the 
rule  of  equity.  The  former  is  the  justice  of  individuals;  the 
latter,  of  princes  and  magistrates.  Fidelity  aud  truth  are  the 
foundation  of  justice.  As  to  be  perfectly  just  is  an  attribute 
of  the  Divine  nature — to  be  so  to  the  utmost  of  our  ability,  is 
the  glory  of  man. 

Justice,  is  also  an  appellation  given  to  a person  deputed 
by  the  king  to  administer  justice  to  his  subjects;  whose  autho- 
rity arises  from  his  deputation,  and  not  by  right  of  magistracy. 
Of  these  justices  there  are  various  kinds  in  England,  viz. 

Chief  Justice  if  the  Court  of  King’s  Bench,  is  the  capital  jus- 
tice of  Great  Britain,  and  is  a lord  by  bis  office.  His  business 
is  chiefly  to  hear  and  determine  all  picas  of  the  crown;  that  is, 
such  as  concern  offences  against  the  erown,  dignity,  and  peace 
of  the  king  ; as  treason,  felonies,  itc.  The  officer  wag  formerly 
not  only  chief  justice,  but  also  chief  baron  for  the  exchequer, 
aud  master  of  the  court  afterwards.  He  usually  sat  in  the 
king’s  palaoe,  and  there  executed  that  office  formerly  per- 
formed per  comitem  palatii ; he  determined  in  that  place  all  the 
differences  happening  between  the  barons  and  other  great 
men.  He  had  the  prerogative  of  being  vice-regent  of  the 
kingdom  whenever  the  king  went  beyond  sea,  and  was  usually 
chosen  to  that  office  oat  of  the  prime  nobility ; but  his  power 
was  reduced  by  king  Richard  I.  and  king  Edward  I.  His  office  is 
now  divided,  and  bis  title  changed  from  capita/is  Anglea  justi- 
ciarius,  to  capitaHs  justiciarius  ad  placita  coram  rege  tenenaa,  or, 
capiialis  justiciarius  banci  regii. 

Chief  Justice  of  the  Common  Pleas,  he  who  with  his  assistants 
hears  and  determines  all  causes  at  the  common  law ; that  is  to 
say.  all  civil  causes  between  persons,  as  well  personal  as  real ; 
and  he  Is  also  a lord  by  his  office. 

Justices  of  Assize,  wore  such  as  were  wont  by  special  com- 
mission to  bo  sent  to  this  or  that  county  to  take  assise  for  the 
ease  of  the  subjects.  For,  whereas  these  actions  pass  always 
byjary,  so  many  men  might  not  without  great  damage  and 
charge  be  brought  op  to  London ; and  therefore  justices,  for 
this  purpose,  by  commissions  particularly  authorized,  were 
sent  down  to  them.  These  continue  to  pass  the  circuit  by  two 
and  two  twice  every  year  through  all  England,  except  the  fonr 
northern  couuties,  where  they  go  only  once,  despatching  their 
several  businesses  by  several  commissions,  for  they  have  one 
commission  to  take  assizes,  another  to  deliver  gaols,  snd 
another  of  oyer  and  terminer.  In  London  and  Middlesex  a 
court  of  general  gaol  delivery  is  held  eight  times  in  the  yoar. 
All  the  justices  of  peace  of  any  county  wherein  the  assizes  arc 
held,  are  hound  by  law  to  attend  them,  or  else  are  liable  to  a 
fine,  in  order  to  return  recognizances,  &c.  and  to  assist  the 
judges  in  such  matters  as  lie  within  their  knowledge  and  juris- 
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diction,  and  in  which  some  of  them  have  been  probably  eon* 
corned  by  way  of  previous  examination.  See  Assizes  and  Joky. 

Justices  in  Eyre,  (jusiiciarii  itinerantcs  or  errantes,)  wore  those 
who  were  anciently  sent  with  commission  into  divers  counties 
to  hear  such  causes  especially  as  were  termed  pleas  of  the 
crown  ; and  that  for  the  ease  of  the  subject,  who  must  else 
have  been  hurried  to  the  courts  of  Westminster,  if  the  causes 
were  too  high  for  the  county  courts.  According  to  some,  these 
justices  were  sent  once  in  seven  years ; but  others  suppose 
that  they  were  sent  oftener.  Camden  says,  they  were  insti* 
tuted  in  the  reign  of  king  Henry  II.  a.d.  1184;  but  they  appear 
to  be  of  an  older  date.  They  were  somewhat  like  oar  justices 
of  assise  at  this  day,  though  for  authority  and  manner  of  pro- 
ceeding very  different. 

Justice s of  Gaol  Delivery,  those  commissioned  to  hear  and 
determine  causes  appearing  to  such  as  for  any  offence  are  cast 
into  prison.  Justices  of  gaol  delivery  are  empowered,  by  the 
common  law,  (o  proceed  upon  indictments  of  fclonv,  trespass, 
Ac.  and  to  order  execution  or  reprieve,  and  they  have  power 
to  discharge  such  prisoners  as  upon  their  trials  shall  be  ac- 
quitted ; also  all  such  against  w hom,  on  proclamation  made, 
no  evidence  appears  to  indict ; which  justices  of  oyer  and  ter- 
miner, Ac.  may  not  do. 

Justice  of  Sisi  Prim,  arc  now  the  same  with  justices  of 
assize.  It  is  common  adjournment  of  a cause  in  the  Common 
Pleas  to  put  it  off  to  such  a day.  Kin  Prius  justiciurii  r entrant 
ad  cos  partes  ad  capimdes  assizes  ; from  which  clause  of  adjourn- 
ment, they  are  called  justices  of  nisi  prius,  as  well  as  justices 
of  assizc.on  account  of  writ,  and  actions  they  have  to  deal  in. 

Justices  of  Oyer  and  Terminer,  were  justices  deputed  on  some 
special  occasions  to  bear  and  determine  particular  causes.  The 
commission  of  oyer  and  terminer  is  directed  to  certain  per- 
sons upon  any  insurrection,  heinous  demeanour,  or  trespass 
committed,  who  must  first  inquire,  by  means  of  the  grand  jury 
or  inquest,  before  they  are  empowered  to  hear  and  determine 
l»y  the  help  of  the  petit  jury.  It  was  formerly  held  that  no 


judge  or  other  lawyer  could  act  in  the  commission  of  oyer  and 
terminer,  or  that  of  gaol  delivery,  within  the  county  where  ho 
was  born  or  inhabited;  bat  it  was  thought  proper  by  12  Geo. 
II.  cap.  27.  to  allow  any  man  to  be  a justice  of  oyer  nnd  ter- 
miner, and  general  gaol  delivery,  within  any  county  of  England. 

Justices  of  the  Peace,  arc  persons  of  interest  and  credit, 
appointed  by  the  king's  commission  to  keep  the  peace  of  the 
county  where  they  live.  A justice  is  to  exercise  his  authority 
only  within  the  county  where  he  is  appointed  by  his  commis- 
sion, not  in  any  city  which  is  a county  of  itself,  or  town  corpo- 
rate, having  their  proper  justices.  See.  but  in  other  towns  and 
liberties  he  may.  The  power  and  office  of  justices  terminates 
in  six  months  after  the  demise  of  the  crown,  by  an  express 
writ  of  discharge  under  the  great  seal,  by  writ  of  sopersedeas, 
by  a new  commission,  and  by  accession  of  the  office  of  sheriff 
or  coroner. 

Justices  of  the  Peace  within  Liberties,  arc  justices  of  the  peace 
who  have  the  same  authority  in  cities  or  other  corporate  towns 
as  tbe  others  have  in  counties,  and  their  power  is  the  same, 
only  that  these  have  the  assize  of  ale  and  beer,  wood,  and  vic- 
tuals, Ac.  Justices  of  cities  and  corporations  aro  not  within 
the  qualification  act,  5 Geo.  II.  cap.  18. 

JUSTIFICATION,  in  Law,  signifies  a maintaining  or  shew- 
ing a sufficient  reason  in  court,  why  the  defendant  did  what  he 
is  called  to  answer.  Pleas  in  justification  must  set  forth  some 
special  matter ; thus,  on  being  sned  for  a trespass,  a person 
may  justify  it,  by  proving  that  the  land  is  his  own  freehold; 
that  be  entered  a house,  in  order  to  apprehend  a felon;  or  by 
virtue  of  a warrant  to  levy  a forfeiture,  or  in  order  to  make  a 
distress ; and  in  an  assault,  that  be  did  it  out  of  necessity. 

Justification,  in  Theology,  that  act  of  grace  which  renders 
a man  just  in  the  sight  of  God,  and  worthy  of  eternal  happi- 
ness. See  Theology.  Different  sects  of  Christians  hold  very 
different  opinions  concerning  the  doctrine  of  justification ; some 
contending  for  justification  by  faith  alone  and  others  by  good 
works. 
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y or  k.  the  tenth  letter  of  our  alphabet;  as  a number  de- 
notes 250,  and  with  a line  over  it,  250, 000. 

K/EMPFERIA.  There  are  two  species,  viz.  K,  galangale; 
and  k.  rotunda,  natives  of  the  East  Indies. 

KALEIDOSCOPE,  an  instrument  for  creating  and  exhibit- 
ing an  infinite  variety  of  beautiful  forms,  and  constructed  in 
such  a manner  as  either  to  please  tlie  eye,  by  an  ever-varying 
succession  of  splendid  tints  and  symmetrical  forms,  or  to 
enable  the  observer  to  render  permanent  such  as  may  appear 
most  appropriate  for  any  of  the  numerous  branches  of  the 
ornamental  arts. 

This  instrument,  the  invention  of  Dr.  Brewster,  in  its  most 
common  foim, consists  of  a tin  tube,  containing  two  reflecting 
surfaces  Inclined  to  each  other,  at  any  angle  which  is  an  ali- 
quot part  of  300°.  Tbe  reflecting  surfaces  may  be  two  plates 
of  glass,  plain  or  quicksilvered,  or  two  metallic  surfaces,  from 
which  the  light  suffers  total  reflection.  The  plates  should  vary 
in  length  according  to  the  focal  distance  of  the  eye;  five,  six, 
seven,  eight,  nine,  and  ten  inohes,  will  in  general  be  most  conve- 
nient, or  they  may  be  made  only  one,  two,  three,  or  four  inches 
long,  provided  distinct  vision  is  obtained  at  one  end,  by  plac- 
ing at  the  other  an  eye-glass,  whose  focal  length  is  equal  to  the 
length  of  the  reflecting  planes.  The  inclination  of  the  reflec- 
tor that  is  in  general  most  pleasing  is  18°,  20°,  or  22|°,  or 
the  20th,  18tb,  and  18th  part  of  a circle,  bnt  the  planes  may  be 
set  at  any  required  angle,  either  by  a metallic,  a paper,  or 
cloth  joint,  or  any  other  simple  contrivance.  When  the  two 
Dianes  arc  put  together,  with  their  straightest  nnd  smoothest 
edge  in  contact,  they  will  have  the  form  shewn  in  fig.  1,  where 
A BC  is  the  aperture  or  angle  formed  by  the  plates.  In  this 
figure  tbe  plates  are  rectangular,  but  it  may  often  be  more  con- 


venient to  give  them  the  triangular  form  shewn  at  M.  fig.  2,  or 
N,  fig.  3. 

When  the  instrument  is  thus  constructed,  it  may  be  either 
covered  op  with  paper  or  leather,  or  placed  in  a cylindrical,  or 
any  other  tube,  so  that  the  aperture  ABC  may  he  left  com- 
pletely open,  and  also  a small  aperture  at  the  angular  point  D. 
If  the  eye  is  now  placed  at  D,  and  looks  through  the  aperture 
A B C,  it  will  perceive  a brilliant  eircle  of  light,  divided  into 


Fig.  1. 


as  many  sectors  ns  the 
number  of  times  that  the 
anglo  of  tho  reflectors  is 
contained  in  360°-  If 
this  angle  is  18°,  the  num- 
ber of  sectors  will  be  20° ; 
and,  whatever  he  the 
form  of  tlie  aperture 
ABC,  the  luminous  spare 
seen  through  the  instru- 
ment will  be  a figure  pro- 
duced by  the  arrange- 
ment of  twenty  of  these 
apertures  round  C,  as  a 
centre,  in  consequence 
of  the  aucccssivo  reflec- 
tions between  the  polished  surfaces.  Hence  it  follows,  that  if 
any  object,  however  ugly  or  irregular  in  itself,  is  placed  before 
the  aperture  ABC,  the  part  of  it  that  can  be  seen  through  the 
aperture  will  be  seen  also  in  every  sector,  and  every  image  of 
the  object  will  coalesce  into  a form  mathematically  symmetri- 
cal, and  Highly  pleasing  to  the  eye.  If  the  object  be  put  in 
motion,  the  combination  of  images  will  likewise  be  put  in 
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motion,  and  now  forms,  perfectly  different,  but  equally  sym- 
metrical, will  successively  present  themselves,  sometimes 
vanishing  in  the  centre,  sometimes  emerging  from  it,  and 
sometimes  playing  around  iu  double  and  opposite  oscilla- 
tions. When  the  object  is  tinged  with  different  colours,  the 
most  beautiful  tints  are  developed  in  succession,  and  the  whole 
figure  delights  the  eye  by  the  perfection  of  its  forms  and  the 
brilliancy  of  its  colouring. 

The  motion  of  the  object  may  he  effected  either  by  the  band 
or  by  a simple  piece  of  mechanism,  or  the  same  effect  may  be 
produced  by  the  motion  of  the  instrument  over  the  object,  or 
round  its  own  axis.  In  the  form  of  the  kaleidoscope  now 
described,  the  object  should  he  held  close  to  the  apeiturc 
ABC,  and  the  eye  should  he  placed  as  nearly  as  possible  in 
the  line  C D ; for  the  figure  lose*  its  symmetry  in  proportion 
ns  the  object  recedes  from  A It  C,  and  as  the  eye  rises  above 
D.  The  instrument  is  therefore  limited  in  its  piesent  form  to 
the  use  of  objects  which  can  be  held  close  to  the  aperture. 

In  order  to  remove  the  limitation,  the  lube  w hich  contains 
the  reflectors  should  slide  in  another  tube,  of  neatly  the  same 
length,  and  having  a convex  lens  at  its  farther  extremity,  the 
focal  length  of  the  lens  should  lie  always  less  than  its  greatest 
distance  from  the  aperture  A BC.  In  general  it  should  he 
about  one-third  or  one-rourih  of  that  distance,  hut  it  will  be 
advisable  to  have  two  or  even  three  lenses  of  different  focal 
lengths,  to  fit  into  the  end  of  the  outer  tube,  ami  to  be  used 
as  circumstances  may  require,  or  a variation  of  focal  length 
may  he  produced  by  the  separation  or  approach  of  two  lenses. 
When  the  instrument  is  thus  filled  up,  it  may  be  applied  to 
objects  at  all  distances  ; and  these  objects,  w hose  images  are 
formed  in  an  inverted  position  at  the  aperture  A II C,  may  be  ; 
introduced  into  the  sy  mmetrical  picture  in  the  very  same  man- 
ner as  if  they  were  brought  close  to  the  instrument.  Hence  j 
we  can  introduce  trees,  (lowers,  statues,  and  living  animals  ; 
and  any  object  which  is  too  large  to  be  comprehended  by  the 
aperture  ABC  may  be  removed  to  such  a distance  that  its 
image  is  sufficiently  reduced. 

The  kaleidoscope  is  also  constructed  with  three  or  more 
reflecting  planes,  which  may  be  arranged  in  various  ways. 
The  tints  placed  before  the  aperture  may  be  the  complementary 
colours  produced  by  transmitting  polarised  light  through  regu- 
larly crystallized  bodies,  or  pieces  of  glass  that  have  received 
the  polarising  structure.  The  partial  polarisation  of  the  light, 
by  the  successive  reflections,  occasions  a partial  analysis  of 
the  transmitted  light;  but,  in  order  to  develop  the  tints  with 
brilliancy,  the  analysis  of  the  light  must  precede  its  admission 
into  the  aperture.  Instead  of  looking  through  the  extremity  l> 
of  the  tube,  the  effects  which  have  been  described  may  he 
exhibited  to  many  persons  at  once,  upon  the  principle  of  the 
solar  microscope  or  magic  lantern  ; and  in  this  way,  or  by  the 
application  of  the  camera  locida,  the  figures  may  be  accurately 
delineated. 

It  would  be  an  endless  task  to  point  out  the  various  pur- 
poses in  the  ornamental  arts  to  which  the  kaleidoscope  is  appli- 
cable. It  may  be  sufficient  to  state,  that  it  will  be  of  great  use 
to  architects,  ornamental  painters,  plasterers,  jewellers,  carvers 
and  gilders,  cabinet-makers,  wire-workers, bookbinders,  calico- 
printers,  carpet  manufacturers,  manufacturers  of  pottery,  and 
every  other  profession  in  which  ornamental  patterns  are 
required.  The  painter  may  introduce  the  very  colours  which 
he  is  to  use;  the  jeweller,  the  jewels  which  be  is  to  ar- 
range, and  in  general  the  artist  may  apply  to  the  instru- 
ment the  materials  which  he  is  to  embody,  and  thus  form  the 
most  correct  opinion  of  their  effect  when  combined  into  an 
ornamental  pattern.  When  the  instrument  is  thus  applied,  an 
infinity  of  patterns  is  created,  and  the  artist  can  select  such  as 
be  considers  most  suitable  to  his  work.  When  a knowledge  of 
the  nature  and  powers  of  the  instrument  has  been  acquired  by 
a little  practice,  he  will  be  able  to  give  any  character  to  the  pat- 
tern that  he  chooses,  and  he  may  even  create  a scries  of  different 
patterns,  all  rising  out  of  one  another,  and  returning  by  similar 
gradations  to  the  first  pattern  of  the  series.  In  all  these  cases 
the  pattern  is  perfectly  symmetrical  round  a centre,  or  all  the 
images  of  the  aperture  ABC  are  exactly  alike,  but  this  sy  m- 
metry nmv  he  altered,  for  after  the  pattern  is  drawn  it  may  be 
reduced  into  a square,  a triangular,  an  elliptical,  or  any  other 


form  that  he  pleases.  The  instrument  will  give  annular  pat- 
terns, by  keeping  the  reflectors  separate,  as  at  A B,  fig.  4.  an  I 
it  will  give  rectilineal  ones,  by  placing  the  reflectors  parallel  to 
each  other,  as  in  fig.  6. 

.FYf.  4.  Fig.  6.  The  kaleidoscope  is  also  an 

instrument  of  amusement,  tu 

nAf\  B >n  please  the  eye,  by  the  creation 

\ \ //  and  exhibition  of  beautiful 

ja  jj  \\  If  forms,  in  the  same  manner  as 

\ \ / / the  car  is  delighted  by  the  com- 

\\  //  bination  of  musical  sounds. 

W \A  ‘-J  When  Costillon  proposed  the 

construction  of  an  ocolar  harpsichord,  he  was  mistaken  in 
supposing  that  any  combination  of  harmonic  colours  could 
afford  pleasure  to  the  person  who  viewed  them  ; for  it  is  only 
when  these  colours  are  connected  with  regular  and  beautiful 
forms,  that  the  eye  is  gratified  by  the  combination.  The  kalei- 
doscope, therefore,  seems  to  realize  the  idea  of  an  ocular 
harpsichord. 

Since  the  abovo  was  invented,  another  instrument  of  this 
class  has  been  invented  by  Harris  and  Co.  Holborn,  London. 
This  instrument  generally  consists  of  two  tubes,  A B and  B C, 
one  of  which,  B C.  is  moveable  within  the  other,  C being  the  end 
next  the  eye,  and  A the  end  next  the  object.  The  object  cell 
I)  is  made  to  screw  in  the  collar  A,  as  is  also  the  lens  E.  In 
using  the  instrument,  place  the  object  cell  D in  the  collar  A as 
far  as  it  can  go,  push  in  the  tube  B C completely,  holding  the 
instrument  so  that  tho  sharp  point  of  the  triangular  aperture 


at  C is  downwards.  The  instrument  being  now  kept  steady  in 
the  hand,  turn  round  the  collar  A,  and  by  placing  the  rye  at  C, 
will  be  seen  a succession  of  the  most  beautiful  forms  and  pat- 
terns. Hitherto  it  has  been  necessary  to  bold  the  object  as 
close  as  possible  to  the  end  A of  the  tube,  and  to  push  in  the 
tube  BC  as  far  as  it  would  go,  but  the  instrument  is  adapted 
to  create  forms  and  patterns  by  means  of  animate  as  well  as 
Inanimate  objects,  placed  at  all  distances  from  the  observer. 
This  great  advantage  is  obtained  by  the  lens  E and  the  sliding 
tube  B C.  Tire  cell  D is  now  removed,  and  the  lens  E being 
screwed  into  its  place,  any  object  whatever  may  be  introduced 
into  the  patterns,  merely  by  directing  the  instrument  tow  ards 
it,  and  pulling  out  or  pushing  in  the  tube  U till  the  pattern  is 
perfect  When  the  object  is  about  four  inches  from  the  lens, 
tho  tube  requires  to  be  pulled  out  as  far  as  possible,  and  for 
greater  distances  it  must  be  pushed  in.  In  looking  at  opaque 
objects,  as  a seal,  watch-ehain,  tho  second  hands  of  a watch, 
coins,  pictures,  gems,  shells,  flowers,  leaves,  and  petals  of 
plants,  impressions  from  seals,  &c.  &e.  the  object,  instead  of 
being  held  between  the  eye  and  the  light,  must  be  viewed  in 
the  same  manner  as  we  view  objects  through  a microscope, 
being  placed  as  near  the  instrument  as  possible,  so  as  to  allow 
the  light  to  fall  freely  upon  the  object. 

In  most  of  the  instruments  there  is,  near  the  middle  of  the 
tube  BC,  a mork  which  is  nearly  suited  to  all  distances  beyond 
three  feet.  The  object  cell  1>,  held  in  the  hand  at  a distance 
greater  than  five  or  six  inches,  may  be  also  used  when  the  lens 
E is  in  the  tube.  The  furniture  of  a room,  hooks,  and  papers 
laying  on  a table,  pictures  on  a wall,  a blazing  fire,  the  moving 
foliage  of  trees,  ice.  bunches  of  flowers,  horses  and  cattle  in  a 
park,  carriages  in  motion,  the  currents  of  a river,  moving  in- 
sects, and  in  short,  every  object  in  nature  may  be  introduced 
by  the  aid  of  the  lens,  into  the  figures  created  by  the  instru- 
ment. As  dust  will  (though  the  greatest  care  may  Be  observed) 
colleot  upon  the  reflectors,  it  is  advised,  that  the  feather  of  a 
quill  (well  scalded,  to  take  out  the  grease)  be  introduced  at  the 
end  of  the  sliding  draw  B C,  and  draw  n up  and  down  until  they 
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are  elean,  holding  the  apex  of  the  angular  aperture  upwind, 
and  the  instrument  n little  inclined,  the  end  A downward. 

KALI,  a pen  us  of  marine  plant*,  which  arc  burnt  to  procure 
alkali.  See  Alkali  and  Kelp. 

KAMSIN,  a hot  southerly  wind  common  in  Egypt*  It  pre- 
vails more  or  less  for  fifty  days. 

K ANGAROO,  in  Natural  History,  n singular  animal  found 
In  New  Holland,  It  is  about  the  size  of  a sheep,  covered  with 
a short  fur  of  a dnrk  mouse  colour.  The  hend.  neck,  and 
shoulders,  arc  very  small,  when  compared  with  the  other  pails 
of  the  body.  The  tail  is  long,  thick  near  the  rump,  and  taper- 
ing towards  the  extremity.  This  animal  has  a false  kelly,  in 
which  its  young  are  carried,  and  secured  from  danger.  The 
fore  legs  arc  only  about  light  inches  long,  while  the  hind  legs 
are  twenty-two.  Its  prepress  is  hy  jumps  of  great  lengths,  in 
nn  erect  position.  The  head  and  ears  have  some  affinity  to 
those  of  a hare. 

KEEL \.  an  appellation  given  by  the  Mahometans  to  that 
part  of  the  world  where  the  temple  of  Mecca  is  situaicd, 
towards  which  they  are  obliged  to  turn  themselves  when  they 
pray. 

KECKLIVG.  or  K iicklikg,  the  art  of  winding  or  worming 
old  rope,  tkc.  about  n cable,  to  preserve  its  surface  from  being 
fretted  when  it  rub*  against  a ship’*  bow  or  loro  foot,  but  more 
particularly  it  implies  the  winding  of  iron  chains  round  the 
cable,  to  aefeud  it  from  the  fricliun  of  a rocky  bottom,  or  from 
the  ice. 

KEDGE,  or  Kf.iigkr.  a small  anchor  used  to  keep  a ship 
steady  and  clear  from  her  bower- anchor  while  she  rides  in  n 
harbour  or  river,  particularly  at  the  turn  of  the  tide,  when  she 
might  otherwise  drive  over  her  principal  anchor,  and  entangle 
the  slock  or  flukes  with  her  slack  cable,  bo  as  to  loosen  it  from 
the  ground.  The  kedge  anchors  arc  also  used  to  transport  a 
ship,  or  remove  her  from  oar  part  of  a harbour  to  another, 
being  carried  out  from  her  in  the  long  boat,  and  let  go  by 
means  of  ropes  fastened  to  these  anchors.  They  arc  also  gene- 
rally furnished  with  nn  iron  stork,  which  is  easily  displaced  for 
the  conveuiency  of  stowing.  Sr*  AMCtinu,  Warp,  kc. 

KEEL,  the  principal  piece  of  timber  in  n ship,  which  is 
usually  first  laid  on  the  blocks  iri  building.  Hy  comparing  the 
carcase  of  a ship  to  the  skeleton  of  n human  body,  the  keel 
appears  as  the  hack  bone,  and  the  timbers  a*  the  ribs.  Ac- 
cordingly the  keel  supports  and  unite*  the  whole  fabric,  since 
the  stem  and  stern  posts,  which  arc  elevated  on  its  ends,  are, 
in  some  measure,  n continuation  of  the  keel,  and  serve  to  con- 
nect and  enclose  the  extremities  of  the  side*  by  transoms,  ns 
the  keel  forms  ami  unites  the  bottom  by  timbers.  The  keel  is 
generally  composed  of  several  thick  pieces  placed  lengthways, 
which,  after  being  scarfed  together,  arc  bolted  and  clinched 
upon  the  upper  side. 

Falte  Kiel,  a strong  thick  piece  of  timber  bolted  to  the  bot- 
tom of  the  keel,  which  is  very  useful  in  preserving  Its  lower 
side.  The  false  keel  is  provided  when  the  thick  pieces  which 
form  the  real  keel  cannot  be  procured  large  enough  to  give  a 
sufficient  depth  thereto.  In  large  ships  of  war  the  false  keel  is 
composed  of  two  pieces,  called  the  upper  and  lower  false  keels. 
The  lowest  plank  in  a ship's  bottom,  called  tin;  gar  board  streak, 
lia*  its  inner  edge  let  into  a groove  or  channel,  cut  Inigjtudinally 
on  the  side  of  the  keel ; the  depth  of  this  channe  l is  therefore 
regulated  by  the  thickness  of  the  garhoard  streak. 

Keel,  is  also  a name  given  to  a low  flat-bottomed  vessel  used 
in  the  river  Tyne,  to  bring  the  coals  down  from  Newcastle  for 
loading  the  colliers  ; hence,  a collier  is  said  to  carry  so  many 
keels  of  coals. 

KEEL  Hauling,  a punishment  inflicted  for  various  offences 
in  the  Dutch  navy.  It  is  performed  by  suspending  the  culprit 
bjr  a rope  from ooe  yard-arm,  with  a weight  oflead  er  iron  upon 
his  legs,  and  having  another  rope  fastened  to  him,  leading  un- 
der the  ship’s  bottom,  and  through  a block  at  its  opposite  yard- 
arm ; he  is  then  suddenly  let  fail  from  the  one  ynrd-ntm  into 
the  sea,  where,  passing  under  the  ship’s  bottom,  he  is  hoisted 
up  on  the  opposite  side  of  the  vessel  to  the  other-— This 
punishment  is  not  altogether  unknown  in  British  ships,  but, 
as  it  is  dangerous,  it  is  very  rarely,  or  indeed  scarcely  ever, 
now  practised. 

KEELSON,  or  Kelson,  a piece  of  limber  forming  the  into- 
GO. 


ri  jt  < i counterpart  of  the  keel,  being  laid  upon  the  middle  of 
the  floor  timbers  immediately  over  the  keel,  and  serving  to 
hind  and  unite  the  former  to  the  latter,  hy  means  uf  long  bolts 
driven  from  without,  and  clinched  on  the  upper  side  of  the 
keelson.  The  keclsott,  like  the  keel,  is  composed  of  several 
pieces  scarfed  together  ; ami  in  order  to  lit  with  more  security 
upnu  the  Hour  timbers  and  crotchets,  it  is  notched  about  an 
inch  and  a half  deep,  opposite  to  rncli  of  those  pieces,  thereby 
scored  down  upon  them  to  that  depth,  where  it  is  secured  by 
spikenail*.  The  pieces  of  which  it  is  funned  me  only  half  tire 
breadth  ami  thickness  of  those  of  the  keel. 

KEEP,  in  ancient  military  history,  a kind  of  strong  tower, 
which  was  built  in  the  centre  of  a castle  or  fort,  to  which  the 
besieged  retreated,  and  made  their  last  efforts  of  defence.  It 
is  also  called  the  donjon,  or  dungeon.  See  Castle. 

To  Kei  f,  a term  used  on  several  occasions  in  Navigation, 
as — To  Keep  the  Land  Aboard,  is  to  keep  within  sight  of  land 
as  much  as  possible.  To  Keep  the  Lvff\  or  the  Wtnd,  to  con- 
tinue close  to  the  wind;  i.e.  sailing  with  a course  inclined  to 
the  direction  of  the  wind  as  much  as  possible.  To  Keep  Off', 
to  sail  at  a distance  from  tbo  shore  or  n ship,  &c.  See  Uie 
article  Citing. 

KEEFER  or  tub  Great  Seal,  is  a lord  hy  virtue  of  his 
office,  and  styled  the  Lord  Keeper  of  the  Great  Seal  of  England. 
He  is  one  of  the  King's  Fiivy  Council,  &.c.  through  whose 
hands  pass  ail  charters,  commissions,  and  grants  of  the  king 
under  the  greut  seal ; without  which,  such  instruments  are  of 
no  force. 

Keeper  of  the  Privy  Seal,  is  a lord  by  virtue  of  bis  office, 
through  whose  hands  pass  all  charters  signed  by  tbc  king  be- 
fore they  come  to  the  great  seal. 

lioat  Keeper,  one  of  the  boat’s  crew  who  remains  as  n 
sentinel,  in  his  turn,  to  take  care  of  the  boat  and  her  contents 
when  she  is  ashore,  or  alongside  of  a ship,  or  is  lowed  astern 
of  her. 

REEFING,  in  Painting,  denotes  the  representation  of  oh- 
j'  els  in  tbc  saute  manner  that  they  appear  to  the  eye  at  different 
distances  from  it,  for  which  the  painter  should  have  recourse 
to  tbc  rules  of  Perspective.  There  arc  two  instances  in  which 
the  famous  Raphael  Urbiu  has  transgressed  these  rules:  in 
one  of  his  cartoons,  representing  the  miraculous  draught  of 
fishc*.  the  men  in  each  of  the  two  boats  appear  of  full  size, 
the  features  of  their  face  being  strongly  marked  ; and  the  bouts 
nre  represented  so  small,  and  the  men  so  big,  that  any  one  of 
(hem  appears  sufficient  to  sink  either  of  the  boats  by  his  own 
bare  weight;  and  the  fowls  on  the  shore  are  also  drawn  so  big, 
as  to  serin  very  near  the  eye  of  the  observer,  who  could  not 
possibly,  in  that  case,  distinguish  the  features  of  tho  men  in  the 
distant  floats.  Or.  supposing  the  observer  to  be  in  either  of 
the  boats,  lie  could  not  see  the  eyes  or  beaks  of  tbe  fowls  on 
the  shore  —The  other  instance  occurs  in  his  historical  picture 
of  our  Saviour's  transfiguration  on  the  mount  ; where  he  is  re- 
presented with  those  who  were  then  with  him,  almost  as  large 
a*  the  rest  of  his  disciple*  at  the  foot  of  the  mount,  with  tho 
father  and  mother  of  the  boy  whom  they  brought  to  be  cured  ; 
and  the  mother,  though  on  her  knees,  is  more  than  half  as  tall 
as  the  mourn  i*  high.  So  that  the  mount  appears  only  of  the 
size  of  a little  bay  rick,  with  a few  people  on  its  top,  and  a 
greater  number  at  its  bottom  ou  tbc  ground  ; in  which  ease,  a 
spectator  at  a little  distance  could  as  well  distinguish  the  fea- 
tures of  those  at  tbe  top  ns  those  on  the  ground.  But  upon 
any  large  eminence,  deserving  the  uamc  of  a mount,  that 
would  be  quite  impossible. 

KEILL.  Dr.  John,  an  eminent  mathematician  and  philoso- 
pher, wax  bnru  at  Edinburgh  iu  1071  ; and  studied  in  the  uni- 
versity of  that  city.  Kcill  was  author  of  several  works,  but 
was  more  distinguished  in  his  time  for  the  conspicuous  part  lie 
took  in  the  dispute  between  Leibnitz  and  Newton  concerning 
tbe  invention  of  fluxions. 

KELP,  a term  which  is  used  in  Britain  to  signify  the  saline 
substance  obtained  by  burning  seaweed,  which  is  chiefly  em- 
ployed in  the  manufacture  of  green  glass.  Different  species  of 
seaweed,  belonging  to  the  genus  Faoii*.  ami  order  Alg*.  are 
cultivated  for  this  purpose.  These  plants  arc  thrown  on  tbe 
rocks  and  shores  in  great  abundance,  and  in  the  summer 
are  raked  together,  and  dried  as  bay  in  the  sun  and  wind,  and 
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nftrrward  burnt  tr»  llio  ashes  called  kelp.  The  process  of 
making  ii  is  thus:— Thu  rocks,  which  arc  dry  at  low  water,  arc 
the  l»eds  of  a great  quantity  of  seaweed,  winch  is  cut,  carried  to 
the  licach,  and  dried ; a hollow  is  dug  in  the  ground  three  or 
four  feet  wide;  round  its  marjtin  arc  laid  a row  of  stones,  on 
which  the  seaweed  is  placed,  and  set  on  lire  within,  and  quan- 
tities of  this  fuel  being  continually  heaped  upon  the  circle,  there 
i*  in  the  centre  a perpetual  Hume,  from  which  n liquid,  like 
melted  uictal,  drops  into  the  hollow  beneath;  when  it  is  full, 
ns  it  commonly  is  ere  the  close  of  tho  day,  all  heterogeneous 
matter  being  removed,  the  kelp  is  wrought  with  iron  rakes,  and 
brought  to  a uniform  consistence  in  a state  of  fusion.  When 
cool,  it  consolidates  into  a heavy  dark-coloured  alkaline  sub- 
stance, which  undergoes  in  the  glass-houses  a second  vitrifica- 
tion. und,  when  pure,  assumes  a perfect  transparency.  See 
Cit emistry  and  Nods. 

KENTLEDGE,  pigs  of  iron  for  ballast,  laid  upon  the  floor, 
near  the  keelson,  fore  and  aft. 

Umber  Kentledge,  pigs  of  iron  or  lead,  cast  to  fit  between 
the  floor  timbers,  or  in  tbc  limbers. 

KEPLER,  Jolts,  a very  eminent  astronomer  and  mathema- 
tician, was  born  in  tbc ducliy  of  Wirlcmberg  in  1571.  To  him  we 
ow  e the  discovery  of  the  true  figure  of  the  orbits,  and  the  propor- 
tion  of  the  motions  of  the  solar  system.  This  astronomer  hud  a 
particular  passion  for  finding  analogies  and  harmonies  in  nature, 
aftertlie  manner  of  the  Pythagoreans  and  Platonists.  The  great 
.<  ngacity  of  this  astronomer  in  the  planetary  motions,  suggested 
to  him  some  views  of  the  true  piiuciples  from  which  these 
motions  flow.  lie  speaks  of  gravity  as  of  a power  that  was 
mutual  between  bodies ; and  says,  that  the  earth  and  moon 
tend  towards  each  other,  and  would  meet  in  a point  so  many 
times  nearer  to  the  earth  than  to  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He 
adds  also,  that  the  tide  arises  from  the  gravity  of  the  waters 
towards  the  moon,  llut  not  having  notions  sufficiently  just  of 
the  laws  of  motion,  he  was  unable  to  make  the  best  use  or 
these  ideas. 

Kepler's  /.sirs.  a lerm  used  by  astronomers  to  denote  cer- 
tain analogies  between  the  distances  of  the  planetary  bodies 
and  their  limes  of  periodic  revolution,  ns  also  between  the  rate 
of  motion  of  any  revolving  body,  whether  primary  or  secondary, 
and  its  distance  from  the  central  body  about  which  it  revolves; 
to  w hich  may  also  he  added,  the  figure  of  the  planetary  orbits, 
and  the  posilion  of  the  central  body  ; these,  in  the  order  in  which 
they  were  discovered,  stand  as  follows: — 1.  Equal  areas  are 
described  in  equal  limes  ; that  is.  if  a line  be  supposed  to  join 
the  central  and  revolving  body,  this  line  passes  over  or  de- 
scribes equal  areas  in  equal  times,  whether  the  planet  be  in  its 
aphelion,  pciibclion,  or  any  other  part  of  its  orbit.  2.  The 
planets  all  revolve  in  elliptic  orbits,  situated  in  planes  passing 
through  the  centre  of  the  sun  : the  latter  body  occupying  one 
of  the  foci  of  the  ellipse.  3.  The  squares  of  tho  times  of  revo- 
lution of  the  several  planetary  bodies,  are  as  the  cubes  of  their 
respective  distances  from  the  sun. 

Kepler's  Problem,  is  the  determining  the  true  from  the  mean 
anomaly  of  n planet,  or  the  determining  its  place  in  the  ellip- 
tic orbit  answering  to  any  given  time ; and  so  named  from  the 
celebrated  astronomer  Kepler,  who  first  proposed  it.  The  ge- 
neral state  of  the  problem  is  this:  to  find  the  posilion  of  a right 
line,  which,  passing  through  one  of  the  foci  of  an  ellipse  shall 
cut  off  an  area,  which  shall  be  in  any  given  proportion  to  the 
w hole  area  of  the  ellipse  ; wbich  results  from  this  property,  that 
such  line  sweeps  areas  that  are  proportional  to  the  times. 

KEKMES,  in  Zoology,  the  name  of  an  insect  produced  in 
the  excrescences  of  a species  of  the  oak.  See  Coccus. 

Kernf-H,  Mineral,  so  called  from  its  colour,  which  resembles 
that  of  a vegetable:  kermes  is  one  of  the  antimonial  prepara. 
tton«.  See  Chemistry  and  Materia  Medica. 

KERSEY,  John,  an  able  English  mathematician,  who  flou- 
rished towards  the  close  of  the  seventeenth  and  beginningof  the 
eighteenth  century,  and  is  chiefly  known  in  the  scientific  world 
by  his  * Elements  of  Algebra,"  in  two  tela,  folio,  which  is  an 
ample  and  complete  work,  containing  a full  explanation  of  the 
problem*  of  Diophantu*  ; he  was  author  likewise  of  •*  Dictioua- 
iii m Anglo-lJi  hauiciini,”  or  Gem  rnl  English  Dictionary. 

KETCH,  a vessel  equipped  with  two  masts,  viz.  lh<*  main- 


mast and  the  mizxcn  mast,  and  usually  from  100  (o  260  tons 
burden.  Ketches  arc  principally  used  as  yachts  for  conveying 
princes  of  the  blood,  nmhnssadnrs.  or  other  great  personages, 
from  one  placo  to  another.  Ketches  arc  likewise  used  ns 
bouib-vessels,  and  arc  therefore  furnishrd  with  all  the  appa- 
ratus necessary  for  a vigorous  bombardment.—  Ilombkelchet. 
arc  built  remarkably  strong,  ns  being  fitted  with  a greater 
number  of  riders  than  any  other  vessel  of  war;  and  indeed 
this  reinforcement  is  absolutely  necessary  to  sustain  the  vio- 
lent shock  produced  by  the  discharge  of  their  mortars,  which 
would  otherwise  in  a very  short  time  shatter  them  ill!  to  pieces. 

KEVELS,  or  Shevils,  a frame  composed  of  two  pieces  of 
timber,  whose  lower  ends  rest  in  a sort  of  step  or  fool,  nailed 
to  tbc  ship’s  side,  from  whence  the  upper  ends  branch  out- 
ward into  tbc  arms  or  horns,  serving  to  belay  the  sheets  or 
great  ropes  l»y  which  the  bottoms  of  the  main-sail  aud  fore-sail 
arc  extended. 

Kevel-Heads,  the  ends  of  the  top  timbers,  which  rising 
above  tbc  gunnel  servo  to  belay  the  ropes,  or  lake  a round 
turn  to  hold  on. 

KEY,  or  Key  Note,  in  Music,  a certain  fundamental  note 
or  tone,  to  which  the  whole  of  a movement  has  a certain  rela- 
tion or  bearing,  to  which  all  its  modulations  are  referred  and 
accommodated,  and  in  which  it  both  begins  and  cods.  There 
are  hut  two  species  of  keys  : one  of  the  major,  and  one  of  the 
minor  mode  ; all  the  keys  in  which  we  employ  sharps  or  flats 
being  deduced  from  the  natural  keys  of  C major  and  A minor  ; 
of  which  they  are  mere  transpositions- 

KEYS  or  an  Organ,  moveable  projecting  levers  in  the  front 
of  an  organ,  so  placed  as  to  conveniently  receive  the  finger*  of 
the  performer,  and  which,  by  a connected  movement  with  the 
valves  or  pallets,  admit  or  exclude  the  wind  from  the  pipes. 
See  Organ. 

Key  Si  one  of  an  arch  or  vault,  that  placed  at  the  top  or  ver- 
tex of  an  arch,  to  bind  the  two  sweeps  together.  Tuis,  in  the 
Tuscan  and  Doric  orders,  is  only  a plane  stone,  projecting  a 
little  ; in  the  Ionic,  it  is  cut  and  waved  somew  hat  like  console* ; 
and  in  the  Corinthian  and  Composite  orders,  it  is  a console, 
enriched  with  sculpture. 

Key,  an  instrument  for  the  opening  of  looks.  See  Lock. 
The  invention  of  keys  is  owing  to  one  Theodore  of  Sainot, 
according  to  Pliny  and  Polydore  Virgil:  but  this  must  be  a 
mistake,  the  use  of  keys  having  been  known  before  the  siege 
of  Troy  ; mention  even  seems  ruade  of  them  in  the  19th  chapter 
of  Genesis.  Molinus  is  of  opinion,  that  keys  at  first  only 
served  for  the  untying  certain  knots  wherewith  mankind 
anciently  secured  their  doors : but  there  were  keys,  he  main- 
tains, in  use  nearly  akin  to  our  own ; they  consisted  of  three 
single  teeth,  and  made  the  figure  of  an  E;  of  which  foira  there 
are  still  some  to  be  seen  in  the  cabinet*  of  the  curious. 

Key,  or  Quay,  a long  wharf  by  the  side  of  a harbour  or  river, 
usually  built  of  stone,  and  having  several  store-houses  fur  the 
convenience  of  lading  and  discharging  merchant  ship*.  It  is 
furnished  with  posts  and  rings,  whereby  ships  may  he  secured, 
as  also  with  cranes,  capstans,  &c.  to  load  or  unload  the  vessels 
which  lie  alongside. 

Keys,  are  also  certain  sunken  rocks,  lying  near  the  surfaco 
of  the  water,  particularly  in  the  West  Indie*. 

KIDNAPPING,  is  the  forcibly  taking  and  carrying  away  a 
man,  woman,  or  child,  from  their  own  country,  and  sending 
them  to  another.  This  is  an  offence  at  common  law,  and  pun- 
ishable by  fine,  imprisonment,  and  pillory.  By  statute  11  nnd  12 
William  III.  c.  7,  if  any  captain  of  a merchant  vessel  shall 
during  his  being  abroad,  force  any  person  on  shore,  and  wilful- 
ly leave  him  behind,  or  refuse  to  bring  home  all  such  men  ns  he 
carried  out,  if  able  and  desirous  to  return,  he  shall  suffer  three 
months'  imprisonment.  Exclusive  of  the  above  punishment  for 
this  a*  a criminal  offence,  the  party  may  recover  upon  an  action 
for  compensation  in  damages  for  the  civil  injury. 

KIEFER  I L,  a mineral  dug  up  near  Konic,  in  Natolia.  and 
is  employed  iu  forming  the  bowls  of  Turkish  tobacco-pipe*. 
It  is  found  in  a large  fissure  six  feet  wide,  in  gray  calcareous 
earth*  When  fresh  dug  it  is  oT  the  consistence  of  wax  ; it  feels 
soft  and  greasy  ; its  colour  is  yellow;  its  specific  gravity  1*600; 
when  thrown  on  the  fire,  it  sweats,  emlls  a fetid  vapour,  becomes 
hard,  and  perfectly  white.  According  to  the  analysis  of  Klap- 
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ruth,  it  is  composed  of  60-60  silica;  17-26  magnesia;  2500 
water  ; 600  carbonic  acid  ; and  60  lime. 

KILDKitRIN,  a liquor  measure  containing  IS  gallons  beer 
measure,  and  IG  gallons  ale  measure. 

KILN. — Dr  script  ion  of  a Vertical  Kiln  for  Drying  Corn.  By 
Mr.  James  Janet,  *f  I Jo- born,  London. — No  subjects  which  can  be 
brought  Under  the  consideration  of  society,  combine  more  real 
interest  and  importance  than  those  w hich  involve  the  production 
and  preservation  of  the  chief  necessaries  of  human  life  ; in  this 
view,  the  great  value  of  a speedy  and  effectual  method  of  dry- 
ing grain  is  evident.  The  frequent  occurrence  of  crops  being, 
on  account  of  unfavourable  weather,  necessarily  carried  from 
the  field  in  a state  of  considerable  humidity,  every  one  must  be 
aware  of;  and  the  consequent  reduction  in  the  value  of  the 
produce,  arising  from  the  deterioration  in  its  quality,  cannot  be 
less  evident.  The  beat  generated  by  the  fermentation  iu  the 
heap,  together  with  the  moisture,  causes  germination  to  take 
place  in  the  grains  near  the  surface,  whereby  tho  farina  is  de- 
composed, and  the  nutritive  properties  aro  in  a great  measure 
destroyed,  whilst  the  lower  part  becomes  mouldy,  and  acquires 
a musty  sinell,  of  the  most  foul  and  disgusting  kind  ; but  grain 
laid  up  in  a perfectly  dry  state  suffers  no  change,  and  history 
furnishes  numerous  instances  of  the  discovery  of  ancient  gra- 
narics.  wherein  the  corn  has  been  preserved,  in  the  most  perfect 
condition,  fur  a long  series  of  years;  which,  had  it  been  stored 
in  a stc'-  of  dampness,  would  have  inevitably  been  destroyed. 
This,  in  the  time  of  wet  harvests,  renders  essentially  necessary 
some  artificial  means  of  speedily  dissipating  the  moisture, 
which  is  so  destructive  if  allowed  to  continue  in  tho  grain;  amt  the 
only  means  of  elTccting  this  object  has  hitherto  been  by  the  use 
of  the  common  kilns,  but  which,  in  very  bad  seasons,  on  account 
of  the  slowness  of  their  operation,  arc  not  sufficiently  numer- 
ous to  answer  the  purpose  to  the  extent  required.  As  an 
appendage  to  large  granaries,  or  corn  stores,  kilns  arc  of  in- 
finite utility,  both  as  affording  the  certain  means  of  preserving 
thi  grain  from  any  tendency  to  fermentation  whilst  lying  iu 
store,  and  titling  itfor  water  carriage  by  that  degree  of  dryness 
which  is  absolutely  necessary  to  prevent  its  healing  on  board, 
where  the  opportunities  of  fuming  it  arc  so  limited,  if  not  alto- 
gether wanting,  although  the  necessity  of  it  is  increased  ; and 
to  the  miller  the  use  of  a kiln  is  not  less  important,  as,  without 
a certain  degree  of  dryness.  Ihe  wheat  will  not  grind  freely,  it 
clogs  the  stones,  anil  good  flour  is  not  produced ; and  ilis  a very 
general  practice  with  millers,  who  possess  tho  means,  to  pass 
all  wheat  over  the  kiln  when  the  flour  is  intended  for  water 
carriage  ; at  least,  it  is  the  custom  at  some  mills  ; and  it  is  well 
known,  that  new  flour  of  the  liucst  quality,  when  damp,  has 
a remarkable  predisposition  to  encourage  the  propagation  of 
those  minute  insects  which  are  destructive  of  its  good  proper- 
ties. From  these  prefatory  remarks  on  mischief  and  loss 
arising  from  wheat  and  grain  being  housed  when  damp,  we 
proceed  (o  our  description  of  the  malt  kiln. 

The  common  kiln  is  so  well  known,  that  little  need  be  said  in 
the  way  of  description,  except  to  enable  those  who  are  unac- 
quainted with  its  construction,  to  judge  of  the  comparative 
merits  uf  the  old  kilo  and  those  hereafter  described  ; suffice  it  to 
say,  that  it  consists  of  a floor,  usually  composed  of  Bridgewater 
tiles,  which  are  large  square  flat  tiles,  perforated  with  a great 
number  of  small  holes;  or  otherways  of  iron  plates  perforated 
in  the  same  way  ; or  of  wove  wire  work,  either  kind  being  sup- 
ported on  iron  bearing-bars  extending  from  wall  to  wall.  Be- 
neath this  floor  or  kiln  bead,  as  it  is  frequently  called,  are  built 
four  portions  of  arches  of  brickwork,  which  together  compose 
a form  somewhat  similar  to  an  inverted  frustum  of  a pyramid, 
whose  larger  base  is  equal  to  the  area  of  the  floor;  and  in  the 
lesser  base,  which  is  supported  on  low  walls,  is  placed,  at  the 
distance  of  five  or  six  feet  from  the  tiles,  a fire  composed  of 
coke,  culm,  or  other  suitable  fuel : the  heated  air  and  vapour 
from  which  ascends  into  the  pyramid*!  space  above  it,  spread- 
ing rather  unequally  over  the  inferior  surface  of  the  floor,  pass- 
ing through  the  perforations  made  in  if,  and  through  the  inter- 
stices between  the  grain,  which  is  spread  in  considerable  thick- 
ness upon  it ; the  lower  part  of  the  stratum  thus  necessarily  ‘ 
gets  considerably  heated,  and  the  humidity  is  evaporated.  Af- 
ter a lapse  of  time,  dependent  on  the  stale  of  the  grain,  it  is 
turned  over  with  u large  wooden  shovel,  or  scoop,  for  the  pur-  j 


pose  of  removing  those  grains  which  were  before  at  the  top, 
nearer  to  the  heated  surfacc.and  those  which  are  sufficiently  dried, 
io  Ihe  top  ; mid  is  then  suffered  to  remain  until  It  is  fit  to  bo 
turned  again,  if  from  its  previous  damp  state  that  it  necessary, 
or  to  be  removed  entirely  from  the  kiln,  when  a fresh  quantity 
is  aubmited  to  (be  same  operation.  The  length  of  time  it  lies  on 
the  kiln  depends  on  the  proportion  of  moisture  contained  in  tho 
grain,  and  varies  from  live  io  eight  or  nine  hours  ; indeed,  Tull 
states  ihe  occasional  necessity  of  extending  it  as  far  as  twelve 
hours.  On  the  kilns  in  use,  previously  to  recent  improvements, 
the  average  time  required  for  the  purpose  was  seven  hours  and 
a half,  during  which  time  four  quarters  and  a half  were  dried, 
being  at  the  rale  of  fourteen  quarters  and  a half  per  day.. 

It  must  be  evident  that  a stratum  of  wheat  several  inches 
thick,  cunnot  be  equally  heated  through  nil  its  parts  in  a short 
time,  and,  consequently,  that  the  moisture  which  is  expelled 
from  the  grains  nearest  the  tiles,  by  the  Grst  effect  of  the  fire, 
in  the  form  of  steam,  must,  in  its  ascent,  he  condensed  and  de- 
posited on  lire  colder  grains  which  aro  nearer  to  or  at  the  sur- 
face; and,  consequently,  so  far  as  regards  thenpper  part  of  the 
stratum,  the  evil  is  doubled,  and  until  the  grain  is  turned  over, 
*hr,.\  excessively  delayed,)  the  upper  por- 

tion  dor,  nut  .10,1  with  on,  Srtl.  i»**i»o*  acquired  moil- 
turc,  and  when  it  is  turned,  it  must  bs’lldF8”  remain  long 
enough  to  evaporate,  perhaps  twice  its  original^ q ulltify®*  **u“ 
midity,  during  which  lime  the  part  which  was  first  drie<n*w 
absoihs  much  of  the  moisture  ex  In  led  from  the  other  grains,  by 
which  tho  time  requisite  to  expel  the  whole  is  greatly  extended. 
Whether  any,  or  what  chemical  action  takes  place,  detrimen- 
tal to  the  flour  in  this  protracted  slate  ofhumid  heal,  we  arc  not 
prepared  to  stale ; hut  it  will  not  he  doubted  that  the  least 
possible  time  in  which  the  purpose  can  be  effected,  the  less 
chance  there  is  of  injurous  change ; and  it  will  he  admitted, 
that  in  those  kilns  heated  by  the  direct  action  of  the  fire,  the 
longer  the  grain  remains,  tho  more  it  will  imbibe  of  tho  un- 
pleasant effluvium  arising  from  the  fuel ; but  in  kilns  where  tho 
drying  is  performed  by  heated  air  alone,  this  objection  does  not 
exist.  The  operation  of  turning  must  obviously  he  an  imper- 
fect and  inefficient  one,  notwithstanding  every  attention  may 
be  paid  by  the  man  performing  it,  for  it  is  impossible  he  can 
turn  the  whole  completely  ; but.  from  the  circumstance  of  Its 
being  an  unpleasant  operation,  it  is  seldom  performed  ns  effec- 
tually as  it  perhaps  might  he;  hut  let  the  care  and  attention 
employed  he  unlimited,  still,  from  the  inequalities  of  the  sur- 
face on  which  the  grain  lies,  it  is  utterly  impossible  that  the 
turning  can  he  so  complete,  but  that  some  of  the  grains  remain 
undisturbed,  and  much  is  necessarily  again  brought  into  con- 
tact with  the  tiles,  aud  therefore  becomes  over  dried,  to  the 
injury  of  the  entire  quantity  ; and  in  fact  the  experience  of 
every  day  shews  the  inequality  of  this  mode  of  drying,  as  fre- 
quently, if  not  always,  some  of  the  gruins  are  quite  parched, 
whereby  the  quality  of  the  (lour  is  much  injured,  while  others 
are  thrown  off  the  kiln  almost  as  damp  as  when  laid  on. 

That  the  imperfections  here  stated  attach  to  the  use  of  tko 
common  kiln,  every  person  acquainted  with  the  subject  will 
acknowledge,  and  to  such  persons  the  communication  of  an 
effectual  remedy  will  not  be  unacceptable. 

In  the  latter  part  of  the  year  1821,  Mr.  Jones  was  applied  to 
bv  John  Snook,  the  proprietor  of  large  mills  at  llcdhampton, 
Hants,  to  endeavour  to  effect  some  improvement  in  bis  kilns, 
so  as,  if  possible,  to  obviate  the  existing  objections  ; and 
although  at  that  time  be  was  perfectly  unacquainted  with  the 
subject,  very  little  reflection  sufficed  to  convince  him  that  (lie 
principles  of  the  old  method  were  bad  ; instead  of  attempting 
any  alterations  in  the  old  kilns,  after  a good  deal  of  consider- 
ation, lie  proposed  the  adoptiou  of  one  altogether  new.  both  in 
construction  and  in  the  manner  of  its  operation,  the  exposure 
of  a very  thin  stratum  of  grain,  an  equal  temperature,  the  pas- 
sage of  a large  quantity  of  warm  air,  and  an  uninterrupted  re- 
moval or  turning;  each  of  which  are  indispensable  where  per- 
fection is  sought.  This  proposition  of  Mr.  Jones  was  approved, 
and  the  first  trial  sufficiently  proved  the  superiority  of  the  new 
method  over  the  old  one,  for  the  work  it  did,  compared  with  one 
of  the  old  kilns,  which  was  at  work  a few  days  before,  and  with 
the  same  wheat,  was  rather  more  than  as  six  to  one- 

The  drawings  explanatory  of  the  machine  are,  fig.  1,  (see 
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plate),  an  elevation,  fig.  2,  a vciiicnl  section  through  the  line  a U. 
Fig.  3,  a horizontal  section  through  the  line  rri.  and  tig.  4.  a 
vertical  section  of  llie  fireplace  on  the  line  tf.  The  same  let* 
ters  indicate  the  same  parts  in  each  figure.  The  body  of  the 
kiln  is  composed  of  two  concentric  cylinders  A A and  It  it, 
closed  at  top  and  bottom  by  two  concentric  cunes  C C and  !>  I>. 
>hc  external  cylinder,  and  the  bases  of  its  two  cones,  are  six 
tcvt  two  and  a half  inches  diameter,  and  eight  feet  high  ; the 
internal  cyliuder  and  its  two  cones  are  six  Sect  diameter,  and 
seven  feet  ten  inches  high;  having  an  annular  space,  one  inch 
and  a quarter  wide,  between  (he  internal  and  « \tminl  bodies, 
which  arc  perforated  into  iron  plates,  having  2309  sin  nil  holes 
in  each  square  foot.  The  kiln  is  supported  on  five  cast  iron 
columns  E,  E,  B, E,  six  feet  six  inches  high,  which  nrc  at- 
tached at  their  tops  to  a strong  iron  ring  which  surrounds  the 
base  ol  the  cylinder.  From  the  heads  of  these  column*  descend 
along  the  sides  of  Iho  cono  live  long  bolts  (I,  U.  0,0,0,  which 
arc  passed  through  the  same  number  of  lugs  in  (he  cist  iron 
ling  II,  which  surrounds  the  neck  of  the  lower  cone  ; from  the 
same  ring  II  also  proceed  five  stays  I,  I.  I.  I,  I,  which  me  fas- 
tened through  the  middle  of  the  columns  by  a nut  on  each  side. 
The  column*  were  made  of  the  height  here  tint  fid.  f?r  if;;  pur- 
pose of  enabling  the  wheat  to  be  received  into  sacks,  that  being 
the  most  convenient  under  the  pmticular  eirc .'instances  ; but 
in  a mill  where  an  elevator  is  near  at  hand,  or  where  it  would 
not  be  inconvenient  to  allow  the  wheat  to  run  on  the  door,  the 
whole  kiln  might  he  brought  lower  down,  and  as  great  a length 
of  cylinder  as  the  height  of  the  granary  floor  will  admit  of,  may 
be  used,  as  by  the  grain  having  a greater  distance  to  descend, 
the  motion  would  be  more  rapid,  and,  consequently,  the  turning 
will  be  more  complete.  The  body  is  sustained  both  internally 
and  externally  by  iron  hoops  K,  K,  K.  and  the  distance  betw  een 
the  cylinders  is  preserved  by  a number  of  short  stays.  When 
the  kiln  is  in  operation,  the  annular  space  before  spoken  of  is 
entirely  filled  with  wheat,  by  means  of  the  spout  W,  from  tho 
granary,  which  keeps  up  a constant  supply  as  fast  as  its  exit 
is  allowed  at  the  discharging  spout  X,  the  opening  of  which  is 
governed  by  a regulator,  being  adjusted  to  the  time  requisite  to 
evaporate  the  moisture. 

In  the  front  of  the  kiln  is  cat  oat  a space  L,  M.  N,  O,  P,  in 
which  is  fixed  the  fireplace  L,  M.  O,  P,  in  which  Q is  the  fire- 
hole,  Biul  14.  K,  arc  openings  with  doors,  for  the  purpose  of 
cleaning  the  Hues;  S is  the  ash  hole,  and  T the  lire  bars.  On 
reference  to  the  sections,  it  will  be  seen  that  there  are  vertical 
air-passages,  round  which  the  flame  and  heat  of  the  furl  circu- 
late to  the  right  and  left,  until  they  reach  the  chimney,  which 
rises  through  nearly  the  centre  of  the  kiln  ; the  course  of  the 
flame  is  evident,  by  the  direction  of  the  arrows,  and  in  it*  pas- 
sage to  tho  chimney  it  very  powerfully  heats  the  plates  which 
form  the  sides  of  the  air-passages,  and  occasions  a constant 
rush  of  hot  air  through  them  into  the  body  of  the  kiln.  The 
whole  of  the  fireplace  being  enclosed  within  the  kiln,  it  is  en- 
tirely surrounded  (excepting  in  the  frout)  by  a thin  shell  or 
rasing  of  grain  ; and,  from  its  perfect  insulated  situation,  no 
pail  of  its  heat  can  escape,  without  having  first  performed  its 
destined  office.  The  triangular  space  or  opening  immediately 
over  the  fireplace  answers  two  purposes,  the  chief  of  which  is, 
diverting  the  wheat,  as  it  descends,  from  coming  too  near  the 
fire,  whereby  it  would  be  parched,  and  it  affords  n convenient 
entrance  into  tho  kiln  when  requisite.  The  front  part  of  the  fire- 
place is  supported  on  the  heads  of  the  two  front  columns,  and 
the  hinder  part  within  the  kiln  by  the  pillar  £,  the  top  of  which 
is  fixed  in  a socket  in  a bearing-bar  across  the  bottom  of  the 
fire  place,  and  the  lower  end  stands  in  a cup  in  the  intersection 
of  an  iron  cross,  which  rests  in  the  ring,  II,  before  mentioned, 
and  the  weight  of  the  fireplace  (nearly  15  cwt)  is  consequent- 
ly sustained  by  the  bolts  6,  G,  which  descend  from  the  heads 
of  all  the  columns. 

From  this  description,  together  with  the  drawing,  the  con- 
s tun; lion  will  be  easily  understood  ; and  few  words  will  be  re- 
quisite to  explain  its  operation.  The  fire  having  been  lighted, 
the  w heat  is  admitted  from  the  granary,  the  regulator  at  bottom 
Iteing  for  a few  minutes  kept  shut;  when,  the  annular  space  be- 
ing full,  the  only  way  the  warm  air  contained  in  the  upper  part 
of  the  kiln  can  escape,  is  through  the  holes  in  the  iron,  and  the 
interstice*  between  tho  grains  ; and  as  the  stratum  or  shell  of 


wheat  is  so  thin,  the  passage  of  air  is  very  rapid,  and  conse- 
quently the  moisture  is  taken  up  by  it,  and  carried  off  with  the 
utmost  celerity.  With  regard  to  the  motion  or  stirring  it  un- 
dergoes, a few  words  may  he  requisite.  The  apex  of  the  cone 
(where  the  wheat  enters)  has  the  greatest  heat ; here  it  is  in  a 
slate  of  constant  diverging  motion,  rapid  where  the  heat  is 
greatest,  and  progressively  slower  as  the  temperature  diminish- 
es, until  it  reaches  the  cylinders,  where  the  motion  become* 
equable.  Here  (he  wheat  would  perhaps  descend  bodily,  hut 
the  roughness  left  by  the  punching  of  the  holes  in  the  Iron  plate, 
is  highly  useful,  as  the  little  resistance  it  offers  to  the  grain 
sliding  down  produces  a constant,  slow,  rolling  intestine  motion, 
whereby  every  individual  grain  is  exposed  to  the  samo  degree 
of  temperature;  it  then  again  converges  in  the  lower  cone,  pro- 
ducing the  same  turning  and  mixing  motion,  as  in  the  upper 
cone,  and  ultimately  escapes  through  the  spout  at  the  bottom 
either  into  sack*  or  on  the  ground,  ns  may  be  desired.  Evapo- 
ration is  at  first  strongly  excited,  and  then  gently  kept  up  by  a 
progressively  decreasing  temperature,  as  the  grain  descends 
towards  the  discharging  spout ; during  the  time  the  kiln  is  ot 
work,  the  operation  of  screening  is  to  a certain  extent  constant- 
iy  going  on,  by  which  much  of  the  dost,  seed,  insects,  andothei 
extraneous  matters,  are  separated  : and  it  is  well  known  that 
grain  cannot  be  too  well  screened  from  ail  impurities  previous 
to  storing,  as  its  perfect  preservation  depends  much  on  that 
circumstance.  The  rapidity  of  its  operation  is  surh,  that  the 
grain  flows  from  it  perfectly  dried,  at  the  rate  of  29  loads, 
or  146  quarters,  per  day;  which  can  only  be  accounted  for 
by  the  circumstance  of  the  aqueous  vapour  being  carried  clear 
away  at  once,  without  any  part  of  it  being  deposited  on  other 
grains,  and  from  the  great  quantity  and  rapidity  of  the  cur- 
rent of  warm  air  which  constantly  passes  between  the  grains, 
taking  up  the  humidity  as  fast  as  it  is  converted  into  vapour. 
It  is  dried  with  perfect  equality,  and  above  all,  the  quantity 
dried  is  six  or  seven  times  as  great  ashy  the  common  method  ; 
for  the  kiln  which  was  removed  to  make  room  for  the  new  one, 
dried  (as  before  stated)  on  the  average,  fourteen  quarters  and 
a half  per  day.  the  medium  quantity  being  06  quarters  : then 
as  96  : 14  5 : : 6‘5 : 1.  Or  if  we  lake  the  quantities  before  men- 
tioned, the  proportion  w ill  be  os  ten  to  one.  For  as  116: 14  5;: 
10:1.  This  to  the  corn-men  linnt  is  nn  advantage  of  much 
importance,  as  frequently,  on  sudden  changes  of  the  markets, 
it  is  desirable  to  ship  the  grain  with  the  almost  despatch,  but 
the  shipment  is  often  much  delayed  by  the  necessity  of  kiln- 
drying  the  cargo  previous  to  loading  the  vessels;  by  which 
delay,  arising  from  the  tardiness  of  the  common  operation,  the 
advantages  of  a good  market  are  not  unfiequently  lost. 

Improvtfi  Malt  Kilns  for  drying  Malt  by  hentrd  Air. — The 
common  matt  kiln  is  a square  building,  widening  gradually 
within  from  tho  fireplace  to  the  floor  on  which  the  malt  is  laid. 
It  may  be  compared  to  an  inverted  pyramid  having  a fireplace 
in  its  vertex,  and  its  base  covered  by  a floor,  on  which  the  malt 
is  dried  by  the  heat,  and  more  or  less  smoke,  which  ascends 
from  the  fire  beneath.  The  fl  or,  as  wc  have  described  it,  con- 
sists of  iron  bars  covered  by  tiles,  which  have  large  holes  made 
nearly  through  them  from  the  lower  side.  ;nd  then  very  small 
holes  pricked  auitc  through.  In  some  kilns,  webs  of  wire 
covered  with  hair  doth,  are  used  instead  of  the  perforated  tiles. 
The  fuel  commonly  used  is  either  coke,  or  Welsh  stour  coal 
— sometimes  wood — and  the  hot  air  Hint  passes  through  the 
malt  has  previously  passed  through  the  naked  fire  ; but  in  the 
improved  kilns,  of  wnich  sve  have  given  engravings,  from  the 
Parliamentary  Report  nn  the  Distilleries  in  Scotland,  the 
smoke  and  fumes  nf  the  fuel  nrc  prevented  from  coming  to 
the  malt ; the  air  that  dries  it  receiving  its  heat  in  passing 
through  a heated  cast-iron  tube. 

Fig.  1.  (see  plate)  is  a front  view  of  an  improved  malt  kilo, 
in  which  a a,  is  the  furnace  door,  b the  fire,  through  which  the 
air  rises,  the  grate  bring  of  tho  common  kind ; c a cast-iron 
tube,  which  passing  through  the  fire,  and  having  one  end  open 
to  the  external  air,  and  the  other  open  into  the  kilo,  convey  s 
heated  air  to  the  grain  ; ri.  a flue  nround  the  fire,  in  which  air  is 
also  heated  and  conveyed  to  the  grain  ; t,  the  ash  pit ; ft  the 
chimney. 

Fig.  2.  A side  view  of  a malt  kiln,  in  which  the  grain  is  dried 
by  boated  air,  as  in  fig.  1,  but  in  which  the  air  necessary  for 
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rombuslion  of  the  fuel  descends  through  the  grate  ; a,  the  lire  ; 
b,  the  prate  ; *,  the  door  of  the  furnace ; d,  the  door  of  the  ash 
pit ; e,  the  air  tube  ; f,  the  ash  pit ; g,  the  end  of  the  air  tube 
entering  the  space  below  k,  the  kiln  head,  which  is  composed 
of  the  tiles  perforated  with  small  holes,  lying  on  the  joists  », 
and  supporting  the  malt  k;  II,  the  windows,  through  which  a 
current  of  air  may  freely  enter  or  escape  ; in.  the  air  outlets 
above.  If  a distiller  finds  his  buildings  so  relatively  situated 
that  he  cau  lead  the  air  cylinder  of  his  malt  kiln  through  the 
Hue  of  his  still  or  mash  boiler  furnace,  tbc  expense  of  fuel  for 
drying  malt  may  be  saved. 

KINDRED.  See  1 MtKHi  f AN'C*. 

KING.  The  executive  power  in  Great  Britain  and  Irelaud  is 
vested  in  a single  person-  Formerly,  the  succession  being  in- 
terrupted, there  was  occasionally  a distinction  between  a right- 
ful king,  or  king  de  jure,  and  a king  in  possession  of  the  throne, 
or  king  c U facto  -,  but  it  seems  now  only  necessary  to  consider 
the  rightful  power  and  authority  of  the  king,  lawfully  and 
peaceably  in  possession  of  the  throne.  And  in  this  country 
the  crown  is  by  common  law  hereditary  in  a peculiar  manner, 
but  not  tie  jure  divino  ; and  it  may  be  chanced  into  the  limita- 
tion of  its  descent  by  the  authority  of  the  king,  lords,  and  com- 
mons in  parliament  assembled,  but  it  is  not  elective.  It  de- 
scends regularly  to  lineal  descendants  by  right  of  primogeniture, 
but  in  case  of  no  mala  lieir,  it  descends  to  the  eldest  daughter 
only,  and  to  her  is^oe,  and  not  in  coparcenary  to  all  the  daugh- 
ters. In  failure  of  lineal  heirs,  it  goes  to  collateral  descend- 
ants, but  there  U no  failure  on  account  of  half  blood.  Lands 
ids n purchased  by  the  king  descend  with  the  crown.  The  in- 
heritance is  not  mdcfcisible,  but  may  he  altered  as  above. 
But,  however  limited  or  trnnsferred.il  still  retains  its  beredi ta- 
ble quality  to  the  wearer  of  it,  and  hence  the  king  never  dies,  but 
his  right  vests  re  ttutanli  in  his  heir.  If  the  throne  becomes 
vacant,  whether  by  abdication,  as  io  the  time  of  James  II.  or 
by  failure  of  all  heirs,  the  two  houses  of  parliament  may  dispose 
of  it.  It  is  now  limited  to  the  heirs  of  the  princess  Sophia, 
grand-daughter  of  James  1.  being  proteslaut,  and  married  to 
proiestants. 

To  assist  the  king  in  the  discharge  of  his  duties  and  maintc- 
tenance  of  bis  dignity,  nod  exercise  of  bis  prerogative,  be  has 
several  councils,  as  the  Parliament,  bis  Peers,  and  his  Privy 
Council,  which  see.  For  law  matteis,  the  judges  nre  his  council. 
The  principal  doty  of  the  king  is  to  govern  his  people  according 
to  law  ; and  in  consideration  of  the  duties  Incumbent  on  him, 
his  dignity  aud  prerogative  are  established  by  the  laws  of  the 
land;  it  being  a maxim  in  the  law,  that  protection  and  subjec- 
tion are  reciprocal.  See  PneitoGA  rivtt. 

KING  at  Arms,  or  of  Arms,  an  officer  who  directs  the  he- 
ralds, presides  at  their  chapters,  and  has  the  jurisdiction  of 
armory.  There  are  three  kings  of  arms  in  England,  viz.  Garter , 
Clarencieux . and  Aorry,  and  ono  for  Scotland,  viz,  Lyon. 

Kino's  Bench,  is  the  supreme  court  or  common  law  in  Eng- 
land : and  so  called,  because  the  kiug  used  to  sit  therein 
person  ; it  consists  of  a chief  justice,  and  three  puisne  justices, 
who  are  by  their  office  the  sovereign  conservators  of  the  peace, 
and  supreme  coroners  of  tho  land.  This  court  lias  n peculiar 
jurisdiction,  not  only  over  all  capital  offences,  hut  also  over  nil 
other  misdemeanors  of  ft  public  nature,  tending  either  to  a 
breach  of  the  peace,  or  to  oppression  or  faction,  or  any  manner 
of  misgovermneut.  It  has  a discretionary  power  of  inflicting 
exemplary  punishment  on  offenders,  either  by  fine,  imprison- 
ment. Or  other  infamous  punishment,  as  tbc  nature  of  tbc  crime, 
considered  in  all  it  - circumstances,  shall  require. 

The  jurisdiction  of  this  court  is  so  transcendent,  that  it 
keeps  all  inferior  jurisdictions  within  the  bounds  of  their  autho- 
rity ; and  it  may  cither  remove  their  proceedings  to  he  deter- 
mined here. or  prohibit  their  progress  below;  it  superintends 
all  civil  corporations  in  the  kingdom  ; commands  magistrates 
and  others  to  do  what  their  duly  requires,  by  mandamus,  in 
every  case  where  there  is  no  specific  remedy ; protects  the 
liberty  of  the  subject,  by  speedy  and  summary  interposition  ; 
and  takes  cognizance  both  of  criminal  and  civil  causes,  the 
former  in  wbat  is  called  the  crown  side,  or  crown  office,  the  lat- 
ter in  the  plea  side  of  the  court.  This  court  has  cognizance, 
on  the  pica  side,  of  all  actions  of  trespass,  or  other  injury 
alleged  to  be  commited  vi  et  armit ; of  actions  for  forgery  of 
ttJ. 


deeds,  maintenance,  conspiracy,  deceit;  and  actions  on  tl»o 
case,  which  allege  any  falsity  or  fraud.  In  proirerlings  in  this 
court  ihe  defendant  is  arrested  for  a supposed  trespass,  which 
in  reality  he  has  never  eominitied,  and  being  thus  in  tho  custo- 
dy of  Ihe  marshal  of  this  court,  the  plaintiff  is  at  liberty  to 
proceed  against  him  for  any  other  personal  injury,  which  sur- 
mise of  being  in  the  custody  of  the  marshal  the  defendant  ij  not 
at  liberty  to  dispute.  This  court  is  likewise  a court  of  appeal, 
into  which  may  be  removed,  by  writ  of  error,  all  determinations 
of  the  court  of  Common  Fleas,  and  of  all  inferior  courts  of  re- 
cord in  England. 

King’s  Palace.  The  limits  of  the  king's  palace  at  Westmin- 
ster extend  Irom  C baring-cross  to  Westminstcr-hall,  aud  have 
surh  privileges  as  the  ancient  palaces- 

KINK,  a sort  of  twist  or  turn  in  any  cable  or  rope,  occa- 
sioned by  its  being  very  stiff,  or  close  laid,  or  by  being  drawn 
loo  hastily  out  of  the  roll  or  tier  in  which  it  was  coiled.  See 
the  article  Coiling. 

K1RCHER,  Athanasius,  a celebrated  mathematician,  was 
bom  at  Fulde  in  IflOI.  He  wrote  an  immense  number  of 
books,  amounting  altogether  to  twenty-two  volumes  folio,  ele- 
ven quarto,  and  three  octavo.  It  must,  however,  be  allowed, 
that  their  utility  hears  no  proportion  to  their  magnitude,  and  it 
would  therefore  he  useless  to  give  a catalogue  ol  them  in  this 
work,  as  there  is  no  one  ot  them  but  has  been  superseded  by 
later  authors.  Kircber  died  in  1680,  in  his  8Wh  year. 

KITE,  Captain  Dansey’s,  for  effecting  a communication 
between  a stranded  ship  and  the  shore,  or  uuder  other  cir- 
cumstances, where  hadness  of  weather  renders  the  ordinary 
means  impracticable.  A sail  of  light  canvass  or  holland,  is  cut 
to  the  shape,  and  adapted  for  the  application  of  the  principles 
of  the  common  flying  kite,  after  the  manner  in  which  Dr. 
Franklin  used  to  swim  on  his  back  in  water;  and  is  launched 
from  the  vessel  or  other  point  to  windward  of  the  space  over 
which  a communication  is  required,  and  as  soon  as  it  appears 
to  bo  at  a sufficient  distance,  a very  simple  and  efficacious 
mechanical  apparatus  is  used,  to  destroy  its  poise,  and  caase 
its  immediate  descent;  the  kite  remaining,  however,  still 
attached  to  the  line,  and  moored  by  a small  anchor  with  which 
it  is  equipped.  The  kite  during  its  flight  is  attached  to  the  line 
by  two  cords  placed  in  the  usual  manner,  which  preserve  its 
poise  in  the  air:  and  to  cause  its  descent,  a messenger  is  em- 
ployed, made  of  wood,  with  a small  sail  rigged  to  lL  The  line 
being  passed  through  the  cylindrical  hole  of  this  messenger, 
the  wind  takes  it  rapidly  up  to  the  kite,  where,  striking  against 
a pait  of  the  apparatus,  it  releases  the  upper  cord,  and  by 
that  means  the  head  of  tbc  kite  becomes  reversed,  and  it 
descends  with  rapidity.  In  the  experiments  made  bv  Captain 
Dansey.  with  a view  of  gaining  a communication  with  a Icc. 
shore,  under  the  supposition  of  no  assistance  being  there  at 
hnnd,  a grapnel,  consisting  of  four  spear-shaped  iron  spikes, 
was  fixed  to  the  head  of  tbc  kite,  so  as  to  moor  it  in  its  fall ; 
and  in  this  emergency,  the  attempt  of  some  person  to  get  on 
shore  along  the  line,  would  be  the  means  resorted  to.  In  those 
cases  where  a communication  has  been  gained,  and  the  main- 
tenance of  a correspondence  has  been  the  object,  the  person  to 
windward  has  attached  a weight  to  the  messenger,  in  some 
cases  as  much  ms  three  pounds,  which,  having  been  carried  up, 
has  of  course  descended  with  the  kite;  the  person  to  leeward 
has  then  furled  the  sail  of  tbc  messenger,  and  loaded  it  with 
as  much. weight  as  the  kite  could  lift,  then  replacing  the  appa- 
ratus. and  exposing  the  surface  of  ihe  kite  to  the  direct  action 
of  the  wind,  it  has  rapidly  risen,  the  messenger  running  down 
the  line  to  windward  during  its  ascent.  The  kite  with  which 
the  Captain  performed  the  greater  part  of  his  experiments, 
extended  1100  yards  of  line  | of  an  inch  in  circumference,  and 
would  have  extended  more,  had  it  been  at  hand.  It  also 
extended  060  yards  of  line  I]  inch  in  cironmfcrence,  and 
weighing  60  lbs.  The  bolland  weighed  3j  lbs- ; the  spars,  one  of 
which  was  armed  at  the  head  with  iron  spikes,  for  the  purpose 
of  mooring  it,  6]  lbs.,  and  the  tail  was  live  times  its  length, 
composed  of  8 lbs.  of  rope  and  14  lbs  of  dm  plank-  Captain 
Dansey  has  deposited  a complete  apparatus  with  the  Society 
of  Arts,  who  have  very  properly  presented  him  with  their  gold 
Vulcan  medal,  for  his  valuabtc  invention  and  communication. 

KNAPSACK,  a rough  leather  or  canvass  bag,  which  is  strap. 
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ped  to  an  infantry  soldier**  back  when  he  marches,  and  which 
contains  his  necessaries.  Square  knapsacks  are  supposed  to  he 
most  convenient.  They  should  be  made  with  a division  to  hold 
the  shoes,  blacking-balls,  and  brushes,  separate  from  the  linen. 

KNEADING  Mill,  is  a contrivance  by  which  large  quanti- 
ties of  flour  are  mixed  and  incorporated  into  dough,  in  place  of 
knrading  it  with  the  baker's  feet,  or  by  a large  spatola.  The 
kneading  mill  does  this  business  very  completely,  with  a great 
saving  of  time  and  labour.  It  is  used  at  the  public  baking- 
houses  of  Genoa. 

A,  in  fig.  4,  is  a frame  of  wood  which  supports  the  axis 
of  the  machine ; a wall  14  palms  high  from  the  ground  may 
be  made  use  of  instead  of  this  frame.  B,  a wall  three  palms 
and  a half  thick,  through  which  the  aforesaid  axis  passes.  C, 
another  wall  similar  to  the  former,  and  facing  it,  at  the  distance 
of  21  palms.  D,  the  axis,  thirty  palms  in  length,  and  one  palm 
and  one- third  In  thickness.  E,  the  great  wheel,  fixed  to  the 
said  axis,  between  the  frame  and  the  wall ; its  diameter  is  28 
paints,  and  its  breadth,  which  is  capable  of  holding  two  men 
occasionally,  is  five  palms.  F,  are  steps,  by  treading  on  which 
the  men  turn  the  wheel  very  smartlv;  they  arc  two  palms  dis- 
tant from  each  other,  and  one  third  of  a palm  in  height.  G,  a 
small  wheel  with  cogs  fixed  almost  at  the  further  extremity  of 
the  axis ; its  diameter  is  13}  palms.  H,  a beam  of  wood  which 
extends  from  one  wall  to  the  other ; being  21  palms  in  length, 
and  one  and  a third  in  thickness.  A similar  beam,  not  seen  in 
the  figure,  is  on  the  opposite  side  of  the  axis.  I,  a transverse 
piece  of  wood,  placed  near  the  wall  C;  it  is  fixed  into  the  two 
beams,  and  serves  to  support  the  farther  extremity  of  the  axis ; 
its  length  is  14  palms,  and  its  thickness  one  and  a third  : there 
is  likewise  a transverse  piece,  which  canoot  be  seen  in  the 
figure,  14  palms  long,  and  half  a palm  thick,  placed  close  to  the 
wall  li.  K is  a strong  curved  piece  of  oak,  fixed  transversely 
iu  the  side  beams  H,  to  receive  tho  axis  of  the  trundle;  its 


Fig.  1. 


length  is  14  palms,  and  its  thickness  1}.  L is  a trundle  of  6} 
palms  in  diameter,  and  1}  in  height,  which  is  moved  hy  the 
cogged-wheel  G.  M is  an  axis  proceeding  from  the  trundle  L, 
and  continued  through  the  cross  N to  the  bottom  of  the  tub  P ; 
the  centre  is  made  of  iron,  partly  square  and  partly  round,  and  it 
turns  in  a socket  of  brass.  The  first  part  of  this  axis  between 
the  trundle  L,  and  the  cross  N,  is  of  square  iron,  surrounded 
by  two  pieces  of  wood,  held  together  by  iron  hoops,  which  may 
be  removed  at  pleasure,  to  examine  tho  iron  within  ; its  length 
is  three  palms,  its  diameter  about  one  palm.  The  second  part  of 
the  axis,  which  is  within  the  tube,  is  made  like  the  first  part; 
its  height  is  1}  palm,  its  diameter  1}.  The  wooden  sheath  of 
this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  means 
of  three  screws  with  their  nuts.  The  axis  is  distant  one-third 
of  a palm  from  the  nearest  triangular  beater  of  the  cross.  N, 
tho  cross  formed  of  two  bars  of  wood  nncqunlly  divided,  so  that 
the  four  arms  of  the  cross  are  of  different  lengths:  one  of  the 
two  pieces  of  wood  of  which  the  cross  is  made,  is  six  palms  in 
length,  the  other  five:  their  thickness  is  ^ of  a palm,  and  their 


breadth  one  palm.  O.  four  pieces  of  wood,  called  beaters,  of  a 
triangular  shape,  fixed  vertically  into  the  extremities  of,  aud 
underneath,  the  arms  of  the  fore-mentioned  cross:  they  are  If 
palms  in  length,  and  half  a palm  in  thickness;  and  beat  or 
knead  the  dough  in  the  tub  at  an  equal  distance  from  the  cen- 
tre. P is  a stout  wooden  tab  about  a quarter  of  a palm  thick, 
well  hooped  with  iron ; its  diameter  is  six  palms,  its  height  1}  in 
the  clear. 

Fig.  2.  Fig.  2,  is  a box  or  trough 

of  wood,  four  palms  long,  and 
three  wide,  in  which  the 
leaven  is  formed  (in  about 
an  hoar)  in  a stove,  and  in 
which  it  is  afterwards  car- 
ried to  the  tub  P.  Fig.  3, 
exhibits  a view  of  the  trundle,  cross,  itc.  with  a section  of  the 
tub.  Fig.  4,  is  a bird's  eye  view  of  the  cross  and  tub,  with  the 
upper  ends  of  the  triangular  beaters. 

This  tub,  P,  will  contain  18  rubbi  (about  19  bushels)  of  flour, 
which  is  carried  to  it  in  barrels  ; the  leaven  Is  then  carried  to 
it  in  the  box  or  trough,  fig.  2,  and  when  the  whole  is  tempered 
with  a proper  quantity  of  warm  water,  the  men  work  in  the 
wheel  till  the  dough  is  properly  and  completely  kneaded.  In 
general  a quarter  of  &q  hour  is  suflirient  to  make  very  good 
dough  ; but  an  experienced  baker,  who  superintends,  deter- 
mines that  the  operation  shall  be  continued  a few  minutes 
more  or  less,  according  to  circumstances.  The  measures  in 
the  preceding  description  are  given  in  Genoese  palms,  each  of 
which  is  very  nearly  equal  to  9*86  of  our  inches.  The  machine- 
ry may  be  varied  in  its  construction  according  to  circumstances, 
and  the  energy  of  the  first  mover  much  better  applied  than  by 
men  w a I king  iu  a common  wheel. 

Ftp.  3.  Fiy.  4. 


KNECK,  the  twisting  of  a rope  or  cable  as  it  is  veering  out. 

KNEE,  a crooked  piece  of  timber  having  two  branches  or 
arms,  and  generally  used  to  connect  the  beams  of  a ship  with 
her  sides  or  timbers.  Tho  branches  of  tho  knees  form  an 
angle  of  greater  or  smaller  extent,  according  to  the  mutual 
situation  of  tho  pieces  which  they  are  designed  to  unite.  One 
branch  Ls  securely  bolted  to  one  of  the  deck-beams,  and  the 
other  in  the  same  manner  strongly  attached  to  n corresponding 
timber  in  the  ship's  side.  Besides  the  great  utility  of  knees  in 
connecting  the  beams  and  timbers  into  one  compact  frame, 
they  contribute  greatly  to  the  strength  and  solidity  of  the  ship, 
in  the  different  parts  of  her  frame  to  whiob  they  are  bolted, 
and  thereby  enable  her,  with  great  firmness,  to  resist  the  effects 
of  a turbulent  sea.  In  fixing  of  these  pieces,  it  is  occasionally 
necessary  to  give  an  oblique  direction  to  the  vertical  or  side 
branch,  in  order  to  avoid  the  range  of  an  adjacent  gun-port,  or 
because  the  knee  may  be  so  shaped  as  to  require  this  dispo- 
sition, it  being  sometimes  difficult  to  procure  so  great  a variety 
of  knees  as  may  be  accessary  in  the  construction  of  a number 
of  ships  of  war.  In  France,  the  scarcity  of  these  pieces  has 
frequently  obliged  their  shipwrights  to  form  their  knees  of  iron. 

Dagger  Kn  km,  are  those  which  are  fixed  rather  obliquely,  to 
avoid,  as  above  mentioned,  an  adjacent  gun-port,  or  where, 
from  the  vicinitv  of  the  next  beam,  there  is  not  space  for  the 
arms  of  two  lodging  knees  .—Hanging  Knees , are  those  which, 
front  their  situation  under  a dock,  appear  to  support  the 
beams.—  Iron  Knees,  are  frequently  used  in  all  the  various 
applications  instead  of  wooden  ones,  particularly  in  the  French 
ships,  on  account  of  the  scarcity  of  timber  fit  for  the  purpose.— 
Lodging  Kneel,  are  fixed  horizontally  in  the  ship’s  frame,  bar- 
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in*  one  arm  bolted  to  the  beam,  and  the  other  across  two  or 
three  of  the  timbers. — Standard  Kners.  are  those  which,  being 
upon  a deck,  have  one  arm  bolted  down  to  it,  and  the  other 
pointing  upwards,  secured  to  the  ship's  side;  such,  also,  are 
the  hits  and  channels. — Transom  Knots  Sot  Transom. 

Knee  of  tko  Head,  a large  flat  piece  of  timber,  fixed  edge- 
ways upon  the  foremost  part  of  a ship’s  stem,  and  supporting 
the  ornamental  figure  or  image  placed  under  the  bowsprit. 
The  knee  of  the  head,  which  may  properly  be  defined  a conti- 
nuation of  the  stem,  els  being  prolonged  from  the  stem  for- 
wards, is  extremely  broad  at  the  upper  part,  and  accordingly 
composed  of  several  pieces  united  into  one.  It  is  let  into  the 
head,  and  secured  to  the  ship’s  bows  by  strong  knees  fixed 
horizontal! v upon  both,  and  called  the  cheeks  of  the  head. 
The  heel  of  it  is  scarfed  to  the  upper  end  of  tlio  fore-top,  and 
it  is  fastened  to  the  stem  above  by  a standard  knee.  Besides 
supporting  the  figure  of  the  head,  this  piece  is  otherwise  use- 
ful as  serving  to  secure  the  boom  or  buukin,  by  which  the  fore- 
tack is  extended  to  windward,  and  by  its  great  breadth  pre- 
venting the  ship  from  falling  to  leeward  when  close-hauled,  so 
much  as  she  would  otherwise  do.  It  also  affords  a greater 
security  to  the  bowsprit,  by  increasing  the  angle  of  the  bob- 
stny.  so  as  to  make  it  act  more  perpendicularly  on  the  bow- 
sprit. The  knee  of  the  bead,  is  a phrase  peculiar  to  shipwrights  ; 
hut,  by  seamen,  it  is  called  the  cut-water.  See  Cut-water. 

KNIFE,  a well-known  instrument,  made  for  cutting,  and 
adapted  in  form  to  the  uses  for  which  it  is  designed.  Knives 
are  said  to  have  been  first  made  in  Kugland  in  1663,  by  one 
Matthews,  on  Fleet  Bridge,  London.  The  importation  of  all 
sorts  of  knives  is  prohibited. 

KN’IGIIT,  properly  signifies  a person,  who,  for  his  virtue 
and  martial  prowess,  is  by  the  king  raised  above  the  rank  of 
gentlemen  into  a higher  class  of  dignity  and  honour.  The  ce- 
remonies at  the  creation  of  knights  have  been  various  : the  prin- 
cipal was  a box  on  the  ear,  and  a stroke  with  the  sword  on  the 
shoulder ; they  put  on  him  a shoulder  belt,  and  a gilt  sword, 
spurs,  and  other  military  accoutrements;  after  which,  being 
armed  as  a knight,  he  was  led  to  the  church  in  great  pomp. 
Camden  describes  the  manner  of  making  a knight  bachelor 
among  us.  which  U tho  lowest,  though  the  most  ancient  ordrr 
of  knighthood,  to  be  thus : the  person  kneeling  was  gently  Mr  tick 
on  the  shoulder  by  the  priuce,  and  accosted  in  these  words, 
“ Rise,”  or  “ Be  a knight  in  the  name  of  God.’1  For  the  several 
kinds  of  knights  among  us,  See  Banneret,  Baronet,  Bath, 
Garter,  &c. 

KNIGHTS  of  the  Shirk,  or  Knights  of  Parliament,  in  the 
British  polity,  are  two  knights,  or  gentlemen  of  estate,  who  are 
elected  on  the  king’s  writ,  by  the  freeholders  of  every  county, 
to  represent  them  in  parliament.  The  qualification  of  a knight 
of  the  shire  is,  to  be  possessed  of  600/.  per  annum  in  a freehold 
estate. 

KNIGHT-HEADS,  also  denote  in  a merchant  ship  two 
strong  frames  of  timber,  fixed  on  the  opposite  side  of  the  main- 
deck,  a little  behind  the  fore- mast,  which  support  and  enclose 
the  ends  of  the  windlass,  which  accordingly  is  turned  therein 
as  upon  an  axis : as  each  of  these  is  formed  of  two  pieees,  they 
may  be  occasionally  separated,  in  order  to  take  off  the  turns  of 
the  cable  from  the  windlass,  or  replace  them  upon  it.  They 
are  frequently  called  the  bitts,  and  then  their  upper  parts  only 
are  denominated  knight-heads,  which  being  formerly  embellished 
with  a figure,  designed  to  resemble  a human  head,  gave  rise  to 
a name  they  have  ever  since  retained.  See  Windlass. 

Knight-heads,  was  formerly  a name  given  to  the  lower 
jear-blocks,  which  were  then  no  other  than  bitts,  containing 
several  sheaves,  and  nearly  resembling  oar  present  top-sail 
sheet-bitts. 

KNITTLB,  a small  line  composed  of  two  or  three  rope- 
yarns,  either  plaited  or  twisted,  and  used  for  various  purposes, 
particularly  to  fasten  the  service  on  the  cable,  to  sling  the 
sailors’  hammocks,  to  reef  the  sails  by  the  bottom,  kc. 

Knittle.  is  also  a name  given  to  the  loops  or  buttons  of  a 
bonnet. 

KNOCK-OFF,  an  order  to  cease  any  work. 

KNOT,  a large  knob  farmed  on  tbe  extremity  of  a rope, 
tenerally  by  untwisting  the  ends  thereof,  and  interweaving 
hero  regularly  among  each  other  : of  these  there  are  several 


sorts,  differing  in  form,  size,  and  name,  as  shroud  knot,  stop- 
per knot,  overhand  knot ; single  wall  knot,  wale  knot,  or  wal- 
nut; double  wall  knot,  wale  knot,  or  walnut;  diamond  knot, 
kop  knot,  reef  knot.  The  bow-line  knot  is  so  firmly  made  and 
fastened  to  the  erengles  of  the  sails,  that  they  must  break,  or 
the  sails  split,  before  it  will  slip.  The  sheep-shank  knot  serves 
to  shorten  a rope  without  cutting  it,  which  may  be  presently 
loosened.  The  wale  knot  is  so  made  with  the  lays  of  a rope, 
that  it  cannot  slip,  and  serves  for  sheals,  tacks,  and  stoppers. 
The  knots  are  generally  used  to  act  as  a button  in  preventing 
the  end  of  tbe  rope  from  slipping  through  an  eye,  or  through 
the  turns  of  a laniard,  by  which  they  are  sometimes  made  fast 
to  other  ropes. 

Knot,  also  signifies  the  manner  of  tying  two  ropes  together, 
or  the  end  of  a rope  to  a bight  in  the  same. 

Knot,  also  implies  a division  of  the  long-line,  wbich  answers 
to  half  a minute,  as  a mile  does  to  an  hour,  i.  r.  of  a mile  ; 
hence  we  say,  the  ship  was  going  eight  knots,  which  signifies 
eight  miles  per  hour. 

KNOUT,  the  name  of  a punishment  inflicted  in  Rossi*,  with 
a kind  of  whip  called  knout,  and  made  of  a long  strap  of  lea- 
ther prepared  for  the  purpose.  With  this  whip  the  execution- 
ers dexterously  carry  off  a slip  of  skin  from  the  neck  to  the 
bottom  of  the  back  laid  bare  to  the  waist,  and  repeating  their 
blows,  in  a little  while  rend  away  all  the  skin  of  the  back  in 
parallel  stripes.  In  the  common  knout,  the  criminal  receives 
tbe  lashes  suspended  on  the  back  of  one  of  the  executioners: 
but  in  the  great  knout,  which  is  generally  used  on  the  same 
occasions  as  racking  on  the  wheel  in  France,  the  criminal 
is  raised  into  the  air  by  means  of  a pulley  fixed  to  the  gallows, 
and  a cord  fastened  to  the  two  wrists  tied  together ; a piece  of 
wood  is  placed  between  bis  two  legs,  also  tied  together,  and 
another  of  a crucial  form  under  his  breast ; sometimes  his 
hands  arc  tied  behind  over  his  back,  and  when  be  is  pulled  up 
in  this  position,  his  shoulders  are  dislocated.  Tbe  executiou- 
ers  can  make  this  punishment  more  or  less  severe;  and  it  is 
said,  are  so  dexterous,  that  when  a criminal  is  condemned  to 
die,  they  can  make  him  expire  at  pleasure,  either  by  one  or 
several  lashes. 

KNOWLEDGE,  is  defined  by  Mr.  Locke  to  he  the  percep- 
tion of  the  connexion  and  agreement  or  disagreement  and 
repugnancy  of  mir  idea*. 

In  his  fifth  book  of  the  Grammar  of  Logic  and  Intellectual 
Philosophy,  the  Editor  baa  given  a Syllabus  of  the  Philosophy 
of  Human  Knowledge,  and  the  following  Prospectus  is,  there- 
fore, but  a very  limited  draught  of  that  abstract. 

The  Words  History,  Philosophy,  and  Poetry,  taken  in 
their  most  extensive  meanings,  may  be  said  to  comprehend 
every  branch  of  human  knowledge.  Bat  history  addresses 
itself  to  the  M emory ; Philosophy,  to  the  Understanding;  and  Poe- 
try to  the  Imagination.  The  Philosophy  of  Human  Knowledge 
will  therefore  be  divided  into  three  great  compartments,  adapt- 
ed to  these  three  faculties— the  Memory,  the  Understanding,  and 
the  Imagination.  According  to  this  arrangement.  Human 
Knowledge  may  be  considered  as  it  is  addressed  to  the  memo- 
ry, under  tbe  title  of  History.  Bnt  history  is  a word  of  exten- 
sive import,  and  suggests  a subdivision  of  its  materials  into 
three  parts,  nnder  the  respective  titles  of  Sacred,  Civil , and  Aw- 
tvral  History.  Under  tho  first  title,  ecclesiastical  history,  the 
seienoe  of  language  arranges  tbe  narrative  parts  of  revelation 
—the  history  of  tbe  Jews,— the  propagation  and  the  progress  o. 
Christianity,  8to.  Under  the  second  title — Civil , or  Profane 
History , Literary  Historv,  Memoirs,  Annals,  Biography,  Anti- 
quities, Chronology,  and  Geography,  demands  attention.  Tbe 
third  title,  which  Lord  Bacon  calls  Narrative,  comprehends  the 
following  subordinate  divisions,  viz. — 1.  Productions  of  Na- 
ture, as  the  phenomena  of  the  Heavens,  the  Atmosphere,  and 
the  Earth  ; 2.  The  three  Kingdoms  of  Nature,  as  Minerals, 
Vegetables,  and  Animals;  3.  A Delineation  of  the  Mechanical 
Arts  and  Mannfaotures. 

The  Philosophy  of  Human  Knowledge,  addressed  to  the  un- 
derstanding, views  all  tbe  sciences  and  the  theories  of  all  the 
arts,  or,  in  other  words,  tbe  Philosophy  of  the  knowledge  of 
mind  and  tho  knowledge  of  body. 

In  considering  knowledge  as  referring  to  mind  nnconneeted 
with  body,  or  to  mind  and  body  conneoted,  or  to  body  uncon- 
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nectcd  with  mind,  we  are  led  lo  the  contemplation  of  the  doc- 
trines and  principles  which  result  from  those  attribute*  a hich 
revelation  assigns  to  Deity,  and  thence  to  a delineation  of 
the  Philosophy  of  Natural  Religion,  and  part  of  the  science  of 
Metaphysics. 

The  bra  nehes  of  knowledge  relative  to  man  and  human  nature, 
which  belong  to  this  division,  respect  either  the  families  of  his 
miod,  or  the  use  which  he  makes  of  those  faculties  : first,  in  ac- 
quiring and  communicating  knowledge ; and  secondly,  in  ac- 
quiring happiness.  Thus  we  launch  into  a philosophical  view 
of  those  sciences  which  embrace  the  general  history  of  the 
faculties  of  the  mind,  and  the  exertions  of  those  faculties  in  all 
that  is  valuable,  in  Logic,  in  Rhetoric,  and  in  Morality.  The 
terms  logic  and  rhetoric  are  generally  applied  to  intimate  the 
philosophy  of  those  arts  in  the  cultivation  of  Taste,  Criticism, 
the  Relies  Lotlres,  or  polite  Literature  ; and  as  their  study  qua- 
lifies us  to  determine  the  merits  of  compositions  or  works  of  art. 
Morality,  or  the  science  of  happiness,  divides  itself  into  two  dis- 
tinct branches  ; one  relative  to  individuals,  and  the  other  rela- 
tive to  communities.  The  former  comprehends  many  impor- 
tant topics  of  investigation,  founded  on  the  principles  of  virtue, 
the  Jaws  of  human  conduct,  obligations  to  integrity,  and  duties 
to  our  Creator,  our  neighbour,  and  ourselves.  The  second, 
the  morality  that  regards  communities,  constitutes  the  science 
of  politics,  which  resolves  itself  into  three  branches;  the  first 
containing  the  laws  of  peace  and  war,  or  the  rules  which  guide 
the  intercourse  of  communities,  founded  on  the  practice  of  civi- 
lized nations,  and  the  dictates  of  equity  ; the  second  deline- 
ating the  different  civil  governments  which  have  been  contrived 
or  adopted,  to  secure  the  safety  of  states,  with  the  prosperity 
and  comfort  of  individuals  ; and  the  third  exhibiting  economi- 
cal arrangements,  or  the  laws  which  punish  crimes,  and  encou- 
rage industry,  and  which  protect  and  cherish  commerce  and 
ihe  arts. 

Human  Knowledge,  relative  to  body,  animated  or  inani- 
mate, is  divided  into  three  branches; — the  first  contains  the 
metaphysics  of  body,  or  the  philosophy  of  its  general  properties, 
extension)  solidity,  impenetrability,  molloo,  &c.  The  second, 
regarding  the  surfaces  of  bodies,  investigates  the  importance 
of  the  traibfi,  and  the  value  of  the  evidence,  furnished  l>y  Arith- 
metic, Geometry,  and  Natural  Philosophy.  The  third,  viewing 
the  internal  parts  of  bodies,  explains  those  branches  of  phi- 
losophy which  regard,  first,  the  general  laws  or  properties  of 
bodies;  secondly,  the  internal  structure  of  animals,  with  their 
diseases  and  cures;  ami  thirdly,  the  ingredients  or  component 
parts  of  bodies.  The  first  constitutes  the  science  of  Natural 
History;  the  second,  Medicine;  and  the  third.  Chemistry. 

The  Philosophy  of  Human  Knowledge,  addressed  to  the 
Imagination,  mav  he  briefly  quoted  in  the  successive  terms,  Poe- 
try, Sculptore,  Architecture,  Painting,  Gardening,  and  Music. 

The  term  Poetry  is  not,  however,  restricted  to  metrical  com- 
positions, but  includes  all  ornamental  and  figurative  composi- 
tions, addressed  to  the  imagination  and  the  heart.  Under  the 
title  Sculpture,  are  comprehended  the  productions  of  antiquity 
which  have  served  as  models  and  standards  of  excellence  to  the 
modems,  and  called  forth  their  exertions  to  rival  the  age  of  Peric- 
les, that  sera  of  luxury  and  splendour,  which  gave  it  the  title  of  the 
Ooldrn  Age  of  the  arts  in  Greece.  Statnary  appears  ia  three 
splendid  tcras;  first,  when  it  displayed  itself  with  such  surpris- 
ing lustre  in  the  productions  of  the  antique  statues;  secondly, 
when  it  was  revived  under  Leo  X. : and  lastly,  in  our  own  times, 
wherein  we  behold  geniuses  animated  by  a similar  spirit  of  taste, 
and  a similar  solidity  of  judgment,  as  formed  the  Grecian  pain- 
ters Apelles  and  Zeuxis,  and  the  sculptors  Phidias  and  Praxi- 
teles. On  principles  somewhat  analogous.  Knowledge  extends 
to  Architecture  and  Painliug,  but  of  Gardening  and  Music 
antiquity  furnishes  no  standards  or  models  of  taste  lo  the 
moderns,  with  which  their  acquirements  may  be  compared. 

Confining  our  views  to  the  reality  of  knowledge,  it  is  evident 
that  the  mind  knows  not  things  immediately,  but  by  the  inter- 
veuliou  of  the  ideas  it  has  of  them.  Our  knowledge  therefore, 
is  only  real,  so  far  as  there  is  a conformity  between  the  reality 
of  things  and  our  ideas  of  that  reality.  Now  there  are  two 
classes  of  ideas  in  which  this  agreement  may  be  traced,  and 
those  are,  our  simple  ideas,  and  those  which  are  generally 
denominated  complex. 


As  the  human  mind  can  by  no  means  make  to  itself  simple 
ideas,  it  is  obvious  that  they  must  be  the  effect  of  things  ope- 
rating upon  it  in  a natural  way,  and  producing  therein  those 
perceptions,  which  hy  the  will  and  appointment  of  God,  they 
are  adapted  lo  produce.  Hence,  it  follows,  that  simple  ideas 
arc  not  the  fictions  of  fancy,  hut  the  natural  and  regular  pro. 
duction  of  things  without  us,  really  operating  upon  us,  arid 
carrying  with  them  all  the  conformity  our  stale  requires,  which 
is  to  represent  things  under  those  appearances  they  are  fitted 
to  produce  in  us.  Thus  the  idea  of  whiteness,  as  it  is  in  the 
mind,  exactly  answers  that  power  which  is  in  any  body  to  pro- 
duce  it  there.  Similar  remarks  may  lie  made  respecting  all 
our  simple  ideas ; and  this  conformity  between  them  and  the 
existence  of  things,  is  sufficient  for  the  purposes  of  real  know- 
ledge. 

All  our  complex  ideas,  excepting  those  of  substances,  which 
are  involved  in  much  obscurity,  being  archetypes  of  the  mind's 
own  making,  and  not  referred  to  the  existence  of  things,  as  to 
their  originals,  cannot  want  any  conformity  necessary  to  real 
knowledge  ; for  that  which  is  not  designed  to  represent  any 
thing  but  itself,  can  never  be  capable  of  any  wrong  represen- 
tation. 

Hence  it  appears,  that  our  simple  ideas  produced  by  things 
without  us,  operating  upon  the  senses,  furnish  tho  sterling 
materials  of  all  our  knowledge.  The  meotal  storehouse  being 
thus  enriched,  the  mind  can  combine,  arrange,  and  associate 
them  at  pleasure,  and  thus  trace  agreements  or  disagreements 
in  the  combinations  which  it  forms.  Uy  these  means  error  can 
be  detected,  new  truths  elicited,  and  in  this  rich  end  fertile 
region,  fancy  can  exercise  her  creative  energy,  and  give  birth 
to  works  of  taste  and  genius. 

Whatever  ideas  we  have,  the  agreement  we  find  they  have 
with  others  will  be  knowledge.  If  those  ideas  be  abstract.  it 
will  be  general  knowledge  ; but  to  make  it  real  concerning  sub- 
stances, the  Ideas  must  be  taken  from  the  real  existence  of 
things.  Wherever,  therefore,  wc  perceive  the  agreement  or 
disagreement  of  our  ideas,  there  is  certain  knowledge ; and 
wherever  we  are  sure  those  ideas  agree  with  the  reality  of 
things,  there  is  certain,  real  knowledge. 

KORAN,  or  Alkoran,  the  name  of  the  book  held  equally 
saored  among  the  Mahometans,  as  the  Bible  is  among  Chris- 
tians. The  general  aim  of  the  Koran  was,  to  unite  the  profes- 
sors of  the  three  different  religions  then  followed  in  Arabia, 
Idolaters,  Jews,  and  Christians,  in  the  knowledge  and  worship 
of  one  God,  under  the  sanction  of  certain  laws,  and  the  out- 
ward signs  of  ceremonies,  partly  of  ancient,  and  partly  of 
novel  institution,  enforced  by  the  consideration  of  rewards  and 
punishments,  both  temporal  and  eternal ; and  to  bring  nil  to  the 
obedience  of  Mahomet,  as  the  prophet  and  ambassador  of  God. 
The  chief  point  therefore  inculcated  in  the  Korun  is  the  unify 
of  God,  to  restore  which  the  prophet  confessed  was  the  chief 
end  of  his  mission.  Tho  rest  is  taken  up  in  prescribing  neces- 
sary laws  and  directions,  frequent  admonitions  to  moral  and  di- 
vine virtues,  the  worship  anu  reverence  of  the  Supreme  Being, 
and  resignation  to  his  will. 

The  style  of  the  Koran  is  generally  beautiful  and  fluent,  con- 
cise, but  often  obscure,  adorned  with  bold  figures  ; enlightened 
with  florid  and  sententious  expressions ; and  in  many  places, 
especially  where  the  majesty  and  attributes  of  God  arc  descri- 
bed, sublime  and  magnificent.  Among  Mahometans  this  book 
is  held  in  the  greatest  reverence  and  esteem.  They  suppose  it 
to  be  of  divine  original,  eternal,  and  uncreated ; and  that  it 
was  revealed  to  Mahomet  by  the  angel  Gabriel  ; dare  not  touch 
it  without  being  first  washed,  or  legally  purified  ; and  read  it 
with  great  care  and  respect.  They  sucar  by  it,  take  omens 
from  it  on  all  weighty  occasions,  carry  it  with  them  to  war. 
write  sentences  of  it  on  their  banners,  adorn  it  with  gold  and 
precious  stones,  and  do  not  suffer  it  to  be  in  the  possession  of 
any  who  hold  a different  religion.  It  has  been  translated  into 
English. 

KOS,  in  Jewish  Antiquity,  a measure  of  capacity,  containing 
about  four  cubic  inches  ; this  was  the  cup  of  blessing,  out  of 
which  they  drink  when  they  gave  thanks  after  solemn  meals, 
like  that  of  the  passover. 

KUPFERNICKEL,  is  a sulphnret  of  nickel,  and  Is  general- 
ly compounded  of  nickel,  arsenic,  ami  sulphnret  of  iron. 
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